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(.‘Hn,) Designation: D 5257 — 97

Standard Test Method for

Dissolved Hexavalent Chromium-in Water by Ion

1 Chromatography"

This siaudard is issued under the fixed demgnauon D 5257; the number immediately. following the designation indicates the year of
original adoption or, in the case of revision, the year of last tevision, A number in parentheses mdxcates the year of last reapproval. A
superscnpt epsilon () indicates an edltonal change since the last revision or reapproval. . !

1 Scope

1.1 This test method covers plocedures for the determina-
tion of dissolved hexavalent chromium in waste water, surface
water, and drinking water.

1.2, The precision and bias of this test method has been
tested in reagent water and industrial waste water and has been
found suitable over the range of approximately 1 to 1000 pg/L.
See Table 1 for details. Higher levels can be determined by
appropriate dilution. "

1.3 Samples containing very.high levels of anionic species
(that is, chloride, sulfate, etc.y'may cause column. overload,
Samples containing high levels of reducing species (that is,
sulfides, sulfites, etc.) may cause reduction of Cr(VI) to Cr(IIT).
This can be minimized by buffering the sample to a pH of 9 to
9.5, filtering it, storing ‘it at 4°C and analyzing it within 24 h.

1.4 The values stated i SI units are to be regarded as the
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory lmitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1066 Practice for Sampling Steam 2

D 1129 Terminology Relating to Water?

D 1192 Specification for Equipment for Sampling Water
and Steam in Closed Conduits?

D 1193 Specification for Reagent Water?

D 2777 Practice for Determination of Precision and Bias of
Applicable Methods of Committee D-19 on Water?

D3370 Practices for Sampling Water from Closed Con-

duits

2.2 EPA Standard:

EPA Method 218.6 Determination of Dissolved Hexavalent
Chromium in Drinking Water, Groundwater and Industrial

! This test ;nethod is under the jurisdiction of ASTM Committee D-19 oﬁ Water
and is the direct responsibility of Subcommittee 19,05 on Inorganic Constituents
in Water.

Current edition approved Dec, 10, 1997, Published December 1998, Originally
published as D 5257 - 92. Last previous edition D 5257 - 93.

2 Annual Book of ASTM Standards, Vol 11.01.

1626

TABLE 1 Determination of Precision and Bias for Hexavalent

Chromium
Amount Amount .
per . Added,  Found, s 5,4 Blas:
polL polL ~

Reagent 1.2 1.40 0.16 0.15 +16.8
: 1.6 1.87 0.65 - +16.9:
6.0 6.68 1.03 0.63 +11.3
. 8.0 8.64 110 + 8.0
16.0 17.4 225 0.77 + 8.8

20.0 21.4 .31 +7.0

100 101 1.91 3.76 + 1.0

140~ 143 : 552 + 2.1

800 819 . 243 12.7 +2.4

- 960 966 - - 188 +7.3

Waste 6.0 5.63 1.17 0.55 -6.2

8.0 731 . 1.9 - -8.6

16.0 15.1 2,70 1.85 -5.6

20.0 19.8 1.01 -1.0

100 98.9 438 3.31 ~1.1

140 138 839 . ~1.4

800 796 60.6 27.1 -0.5

960 944 721 -1.7

ABach Youden pair was used to caloulate one lab data point, 3.,

Wastewater Lffluents by Ton Chromatography?

3. Terminology

3,1 Definitions—For definitions of terms used in this test
method, refer to Terminology D 1129,

3.2 Definitions of Terms Specific to This Standard:

3.2.1 eluani— the jonic mobile phase used to transport the
sample through the ion exchange column.

3.2.2 resolution—the ability of a column to separate con-
stituents under specified test conditions.

4. Summary of Test Method

4.1 A fixed volume of buffered and filtered sample, typically
100 pL, is injected into the eluant flow path and separated by
anion exchange using an ammonium sulfate based eluant.

4.2 After separation, the sample is reacted with an acidic
solution of diphenylcarbohydrazide. Hexavalent chromium
reacts selectively with this reagent to form the characteristic
violet colored complex.

4.3 The eluant stream passes through a photometric detector

3 Available from Superintendent of Documents, U.S. Government Printing
QOffice, Washington, DC 20402,
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for detection of the chromium dipheny]caxbohydrazi‘de com-
plex by visible absorbance at 530 nm. Absorbance is propor-
tional to the hexavalent chromium concentration.

5. Significance and Use

'5.1 Hexavalent chromium salts are used extensively in the
metal finishing and plating industries, in the leather industry as
a tanning agent, and in the manufacture of paints, dyes,
explosives, and ceramics. Trivalent chromium salts are used as
mordants in textile dying, in the ceramic and glass industry,
and in photography. Chromium, in either oxidation state, may

be present in waste water from these industries and may also-be -

discharged from chromate-treated cooling waters.

5.2 Hexavalent chromium is toxic to humans, animals, and
aquatic life. It can produce lung tumors when inhaled  and
readily induces skin sensitization. It is not known whether

cancer will result from mgestmn of chromium in any of its.

valence states. .

5.3 Ton chromatography prov1des amcans of scparatmg the
hexavalent chromium from other species present in the sample,
many of which interfere with other detection methods. The
combination .of this separation with a sensitive colorimetric
detection method provides a selective and sensitive analytical
method for hexavalent chromlum with minimal sample prepa-
ration.

6. Interferences

. 6.1 By virtug of the chromatographic separation essentially
all interfering species. are removed from the hexavalent chro-
mium before detection. '

6.2 Intelferences may. result from overloading of the ana-
lytlcal colurnn capacity with high concentrations of anionic
spemes in the sample, Concentrations of chloride ion or sulfate
ion up to the equlvalent of 1 % NaCl and 3 % N42804 do not
affect the separation or detection when using an anion ex-
change column and a 100 pL. sample loop.

6.3 The response of 1 mg/L of hexavalent chromlum is not
affected by 1 gL ot chroxmc Jdon.

6.4 Reducing species may reduce hexavalent chromium in
acidic matrices. Preserva‘upn ata pH 9 to 9.5 will minimize the
effect of these species.

6.5 Trace amounts of Cr are sometimes found in reagent
grade salts. Since a concentrated buffer solution is used in this
test method to adjust the pH of samples, reagent blanks should
be analyzed to assess the potennal for Cr(VI) contamination.

Contamination can also come from improperly cleaned glass- -

ware or contact with caustic oracidic reagents with chromivm
contalnmg stamless steel‘ or’ pxgmented mdteuals

7. Apparatus

7.1 Ion Chromatograpthn iomn chromdtograph having the
following components configured as shown in Fig. 1.

7.1.1 Pump, capable of delivering 'a- constant flow in the
range of 1 to'5 mL/min-at a pressure of 200 to. 2000 psi.

7.1.2 Injection Valve— ‘A high pressure; low -dead volume
valve that allows introduction: of 50-to. 250 pL ot sample into
the eluant stream’ at up to 2000 psi. .

7.1.3 Guard Column— A column placed ‘before the separa-
tor column to pretect ‘the:sgparator column from fouling by

627

Eluant Reservoir

T

Pump
Injection Valve:

L.

uard Column
jj'

Sepan\:or Column

Mixing Tee Reagent Dolivéry Mod.

Reaction Cail
Detector

__,{

FIG. 1 Diagram of an lon Chromatograph Using Post-Column
- Reagent Addition and Photometric Detection

Racorder
| S

particles or strongly absorbed organic constituents.

7.1.4 Analytical Column—A liquid chromatographic- col-
umn packed with a polymeric anion exchange resin capable of
separating chromate from other anions in a sample containing
high total dissolved solids (for example 3 % Na,SO ,).

7.1.5 Reagent Delivery Module—A device capable of de-
livering 0 to 2 mL/min of redgcnt against a backpressure of up
to 60 psi.

7.1.6 Mixing Tee and Reaction Coil—A device capable of
mixing two flowing streams providing a sufficient reaction time
for post column reaction with minimal band spreading.

7.1.7 Detector—A low-volume, flow-through UV-visible
absorbance detector with a non-metallic flow path. The recom-
mended detection wavclength for hexavalent chromlum is. 530
n.

7.2 Recorder, Integrator, Computer—A device compatlble
with detector output, capable of recording detector response as
a function of time for the purpose of measuring peak height or
area.

7.3 Eluant Reaervozr—— A contamer suitable for stoung
eluant, B ‘

PRO_00104789
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7.4 Syringe—A syringe equipped with a male luer type
fitting and a capacity of at least L mL.

7.5 Summary of Column Requirements:

7.5.1 Guard Column— A short liquid chromatographic
column capable of removing organics from the injected sample
$o- as to minimize organic fouling of the separator column.

7.5.2 Analytical Column—An anion exchange column ca-
pable of providing suitable retention and chromatographic
efficiency for chromate ion even in the presence of high
amounts of dissolved solids that can occur in waste water
samples. Note that high capacity columns will tolerate higher
dissolved solids before becoming overloaded. See Section 13
for details of the columns nsed in the collaborative test of this
test method.

8. Reagents

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society
where such specifications are available.* Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

8.2 Purity of .Water— Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water
conforming to Specification D (193, Type I. Other reagent
water types may be used provided it is first.ascertained that the
water is of sufficienfly high purity to permit. its use without
adversely affecting the bias and p1ec151on of the test method.
Type II water was, specified at the time of round robin testing
of this test method.

8.3 Chromium Solution, Stock (1000 mg Cr/L)—Dlssolve
0.2828 g of potassium dichromate (K,Cr,O,; that has been
dried at 105°C for 1 h) in water. Add 0.1 mL of eluant
concentrate (8.6) to ensure analyte stablhty Dilute to 100 mL
in a volumetric flask. "~

8.4 Chromium Solution, Standard (1000 pg Ci/L)—Pipet
1.00 ml. of chromium stock solution. (see 8.3) and 1 ml of
eluant concentrate: mto a2 1 L volumetric flask. Dilute to volume
with: water. ‘

8.5 Reageni Blank— Add 1 mL of eluant concentrate (8.6).
to a 1 T, flask ‘and dilute to volume: with the water used to
prepare the chromium standards.. -

8.6 Eluant Conecentrate (2.5 M (NH4)ZSO 4+ 10 M
NH,OH)—Dissolve 330 g of ammonium sulfate (NI1,),SO, in
about 500 mL of water. Add 65 mL of concentrated ammonium
hydrox1de (NH,OH:to sp gr Q. 90) Mix well and dilute to 1 L,
in a volumetric: flask.

8.7 Eluant—Two different analytlcdl amon exchange col-
umns proved satisfactory - in the collaborative test that is
summarized in Section 13. Accordingly, the eluant appropriate
for each column is described in 8.7.1 and 8.7.2. Eluants should
be filtered through a 0.45-put filter and degassed.

4 “Reagent Chetnicals American Chemical Society Specifications” Am, Chemi-
cal Soc,, Washington, DC, For suggestions on the testing of reagents not listed by
the American Chemical Sociéty, see “Analar’ Standards for Laboratory. Chemicals,”
BDH Ltd., Poole, Dorset, U.K., and the “United States Pharmacopeia.”

628

8.7.1 Eluant for IonPac AS7 Column (0.250 M (NH,),SO 4,
0.1 M NH,OH)—Add 100 mL. of eluant concentrate (8.6) to a
1L L volumetric flask and dilute to volume with water.

8.7.2 Eluant for IC Pac Anion HC Column (0.025 M (NH,)

250,, 0.01 M NH,OH)—Add 10 mL of eluant concentrate:

(8.6) to a1 L volumetric flask and dilute to volume with water.

8.8 Diphenylcarbohydrazide Reagent—Dissolve 0.5 g of
1,5-diphenylcarbohydrazide in 100 mL of reagent grade metha-
nol. Add to about 500 mL of water containing 28 ml of
concentrated sulfuric acid, Dilute with water, while stirring, to
1 Lin a volumetric flask. Filter and degas if necessary to ensure
reliable delivery.

9. Sampling . |
" 9.1 Collect the sample in accordance with the applicable

ASTM Standards as follows: Practice D 1066, Specification

D 1192, or Practices D 3370.

9.2 Filter samples and adjust pH immediately upon sam-
pling to minimize any interconversion between Cr III and Cr
VI species. Filter the sample through a 0.45 pm filter, Collect
the filtrate and adjust its pH to 9 to 9.5 using the eluant
concentrate (see 8.6). Ship and store samples at 4°C. Bring to
ambient temperature prior to analysis. Analyze this stabilized
filtrate within 24 h. Adjust final calculations to account for
sample diluation.

10. Calibration
10.1 Prepare at least three levels of standards for each

decade of the concentration range of interest. For standards of

1 to 1000 pg/L, prepare by diluting measured volumes of the
standard chromium solunon (see 8.4) with water in separate
volumetric flasks.

10.2 Determine the chromium response for each of the
standards and blank using the procedure defined in Section 11.

10.3 Prepare a calibration curve by using a linear plot of the
peak height or area as a function of standard concentration. Do
not force the calibration curve through zero. The response of
the reagent blank should be less than 0.1 pg/L hexavalent
chromium.

10.4 Prepare a new calibration curve when new reagents are
made or the hardware is altered.

11. Procedure

11.1 Set up the ion chromatograph in accordance with the
manufacturer’s instructions.

11.2 Adjust the eluant flow rate to 1.5 mL/min, Increase the
flow of the post-column reagent until the flow rate from the
detector outlet line is 2,0 mL/min, so as to have a reagent flow
of 0.5 mL/min under operating conditions. Measure the pH of
the detector effluent to confirm. it is 2 or lower.

11.3 After the flow rates are adjusted, allow the system to
equilibrate for about 15 min.

11,4 If using a fixed volume sample loop (typically 100 pL.),
load at least 1 mL of sample through the sample port using an
appropriate syringe. Inject the sample into the eluant stream

.and record the chromatogram (see Fig. 2). If using a variable

volume injector, inject the desired sample volume into the
eluant stream and record the chromatogram,

PRO_00104790
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Column:  lonPac AS7
Eluant: 250 mM (NH,),5Q
100 mM NHOH
Cr{vi) Flow Rate: 1.5 mLimin.
10 ppb Postcolumn Heagent:
2 mM Diphenylcarbohydrazide
10% CH,OH
1N H,80,
Detector: UVNs 520 nm
N
e s
0 4 8
Ninutes

YIGUR! 2 ION CHROMATOGRAPHIC DETERMINATION
OF BEXAVALENT CEROMIUK

FIG. 2 lon Chromatographic Determination of Hexavalent
. . Chromium

12, Calculatmn

12.1 Refer thc hexavalent chromium peak height or peak
area to the calibration curve,. to. determine the hexavalent
chromium concentration of the injected sample in pg/L.

12.2 For samples that have been diluted, calculate the
original hexavalcnt chromlum concentratlon in pg/L by: |

irs Cr(VI)/L CXFIV,

where: .
‘C = pg'Cr(VD/L read from the calibration curve,
F = volume of-diluted sample, in ‘mL, and

V = volume of undiluted sample in ml.

13. Precision and Blas

13.1 The precision and bias data plesented in thlS test
method meet the requirements of Plactlce D 2777 (see Annex
Al for details).

13.2 The following separator columns were used in the
collaborative test high capacity sepanaton column’® and low
capacity separator column,

13.3 The collaborative test of this test method was per-
formed in reagent water and waste water by fifteen laboratories
using one operator each, For reagent water the test used ten
levels of concentration comprised of five Youden pairs ranging
from 1.2 to 960 pg/L of hexavalent chromium. For waste water
the test used eight levels of concentration comprised of four
Youden pairs ranging from 6 to 960 pg/L. of hexavalent
chromium, The precision and bias data ave presented in Table
1. See the Annex for a detailed description of the collaborative
test.

13.4 The results of this - collaborative test can also be
summarized as follows:

Number of laboratories: 15
Range tested: 1.2 to 960 pg/L
Matrix: Reagent Water:
S, = 0.083x +0.106
5, = 0.050x +0.669
Mean Recovery = 1.04x +0.183
Matrix: Wastewater:

, = 0.041x +0.039
S, = 0.059x +1.05
= 0989x +-0.41

Mean Recovery

14. Keywords

14.1 analysis; hexavalent chromium; -ion chromatoglaphy,
wastewater; water ‘

* ¥ Model IonPac AS7 column, available from Dionex Cotparation, 1228 Titan
Way, Sunnyvale, CA. 94088, has been found suitable for this purpose.

S Model IC Pac Anion HC, available from Millipore  Corporation (Waters
Division), 34 Maple Street, Milford, MA 01757. | L

ANNEX

(Mandatory Information)

- Al.1- The precision and bias data cited in this test method
were the result of a collaborative test designed and executed
jointly by ASTM Committée D-19.on Water and the U.S. EPA
Environmental Monitoring and Support Laboratory (Cincin-
nati). Participants were required to use this method or EPA
Method 218.6, or both. These two methods are technically
equivalent. The eleven reagent water samples consisted of a
reagent water blank and five Youden pairs. The nine waste-
water samples consisted of a waste-water blank and four
Youden pairs. The following is a duplication of the test

Al, DUPLICATION OF QUALITY CONTROL MEASURES |

instructions that included the quality control measures that
were part of this test method:

Al1.2 Preparation

Al.2.1 Calibration Standard Preparation:

A1.2.1.1 A standard concentrate (green label) has been
furnished with this study to minimize calibration standard
biases. The Cr(VI) concentration contained within the standard
concentrate ampul and the study range are listed in Table Al.1.

A1.2.1.2 Prepare a calibration curve according to 9.1 of

629
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TABLE A1.3 EPA Method Study 218.6 Injection Order

TABLE A1.1 Standard Ampul Concentration and Study Range
STANDARD Study Range,
Analyte MD_L, Hg/L Ampul, tglL ugll
1-1000

Crv) 04 100,000

EPA Method 218.6, revision 3.2 using a series of calibration
standards prepared from the standard concentrate. The calibra-
tion curve must range from 1.0 pg/L to 1000 pg/L.

Al1.2.2 Matrix Blanks:

Al1.2.2.1 An analysis of each matrix water is requlred to
determine. potential background concentrations of - Cr(VI).
These blanks are referred to as reagent water blank and
wastewater blank. The wastewater blank should be adjusted to
pH 9.0 to 9.5 with the buffer solution (section 7.9, EPA
Method 218.6) and passed through a 0.45 pm filter before
analysis Analyze a portion of the wastewater solution prepared
in A1.2.4.2 as the blank.

AL2.3 Quality Control Sample Preparanon

Al.2.3.1 Prepare the QC sample (laboratory fortified bldnk
(LFB) as described in section 10.3.2, Method 218.6, revision
3.2) by pipetting a 1.0 mL aliquot from the QC sample
concentrate ampul (blue label) and dllutmg to 100 mlL with
reagent water. The Cr(VI) concentration in the QC sample and
the acceptance limitg that are to: be used for this stady are
presented in Table A1.2.

Al.2.4 Sample Preparation:

A1.2.4.1 Reagent Water Samples; -

(a) Prepare the reagent water samples by transferring a 1.0
mL aliquot from each ampul labelled reagent water (yellow
labels) to individual 100 mlL, “volumetric flasks and dilute to
volume with reagent water. These samples are now ready for
analysis,

Al.2.4.2 Wastewater-Samples:

(a) Collect at least 1 liter of a Wastewater of your choice.
Filter the wastewater matrix through a 0.45 pm filter then
adjust the pH of the filtrate to 9.0 to 9.5 by adding dropwise a
solution of. the buffer (8.2, EPA Method 218.6). Prepare the
individual wastewater-sarples by transferring a 1.0 mL aliquot
from each ampul labelled wastewater (orange labels) to indi-
vidual 100 mL volumetric flasks and dilute to volume with the
pH adjusted wastewater. These samples are now ready for
analysis, The wastewater matrix is not to be diluted prior to
spiking regardless of the Cr(VI) background concentration. -

Al.3 Sample Analyses

Al.3.1 Analyze each prepared sample in the order deﬁned
in Table Al.3. The sample names and numbers in Table A1.3

TABLE Af,2 Quality Control Sample Acceptance Limits ‘

Analyte True Value (T.V.) Acceptance Limits A

g/t ug/l

Cr(Vl) 40.0 36-44

ADefined as T.V. + 10 %,

630

Sample Name and Sample Order

QC Sample

Reagent Water Blank
Reagent Water—3ample #1
Feagent Water—Sample #2
Reagent Water—Sample #3
Reagent Water—Sample #4
Reagent Water—Sample #5
Reagent Water—Sample #6
Reagent Water—Sample #7
Reagent Water—Sample #8
Reagent Water—Sample #9
Reagent Water—SampIe #10
QC Sample:

Wastewater Blank
Wastewater—Sample #11
Wastewater—Sample #12
Wastewater—Sample #13
Wastewater—Sample #14
Wastewater—Sample #15
Wastewater—Sample #16
Wastewater—Sample #17 ©
Wastewater—Sample #18
QG Sarmnple

are the same as those on the data report forms. Be certain that
the sample data is entered under the correct sample name.

AL4 Quality Control (QC)

Al.4.1 The QC sample is used to perform regular checks on
the calibration curve. Only one QC sample need be prepared.
However, three analyses of this QC sample will be required;
one immediately following the last calibration standard, an-
other immediately following the reagent water sample series,
and the third immediately following the wastewater sample
series. If the Cr(VI) concentration in the QC sample falls
outside of the acceptance limits found in Table "Al1.2, the
analyst should reanalyze the QC sample. If the Cr(VI) concen-
tration falls within the acceptance limits, continue with the
sample analyses. If the Cr(VI) concentration is still outside of
the acceptance limits, a new calibration curve js required and
must be confirmed by a successful QC analysis before sample
analyses can continue,

Al.5 Data Report Forms

Al1.5.1 Analytical values reported on the data report forms
must not be corrected for matrix background concentrations.
Report measured concentrations of Cr(VI) as pg/L to three
significant figures (that is, 2.35, 23.5, or 235).

Al1.6 Questionnaire

Al.6,1 Operate your ion chromatograph according to manu-
facturer specifications and recommendations found in EPA
Method 218.6 (revision 3.2) and the equivalent Test Method
D 5257, A questionnaire is enclosed to record your specific
operating conditions and equipment type.

PRO_00104792
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The American Society for Tasting and Materials takes no position respecting the validity of any patent rights asserted in connection
with any ftem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringsrnent of such rights, are entirely their own responsibility.

R

This standard is subject to revision at any time by the responsible technical commitiee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed o ASTM Headquariers. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

631
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qmp Designation: D 5373 - 93 (Reapproved 1997)

Standard Test Methods for

Instrumental Determination of Carbon, Hydrogen, and
Nitrogen in Laboratory Samples of Coal and Coke'

This standard is issued under the fixed designation D 5373; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 These test methods cover the instrumental determina-
tion of carbon, hydrogen, and nitrogen in laboratory samples
of coal and coke prepared in accordance with Test Methods
D 2013 and D 346.

1.2 Within the limitations outlined below, these test
methods are applicable to either the air-dry or moisture-free
laboratory sample, or both.

1.2.1 For instrumental systems in which the moisture and
waters of hydration in the sample are liberated with (and
only with) the oxidation products upon combustion, the
analyses can be performed on a test specimen of the air-dry
sample (Note 1). Concentrations determined on this air-
dried basis represent the total carbon (including that present
as carbonate), total hydrogen (including that present as
water), and total nitrogen.

NoTeE 1—These systems are also satisfactory for determining the
subject materials in the moisture-free sample.

1.2.2 For systems in which the moisture and hydrates are
otherwise liberated, the analysis shall be performed on the
moisture-free sample. Values obtained on this basis represent
the total carbon, organic hydrogen, and total nitrogen.

1.3 These test methods can be used to provide for the
requirements specified in Practice D 3176 for the ultimate
analysis.

1.4 The values stated in SI units shall be regarded as the
standard. .

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
Dpriate safety and health practices and determine the applicar,
bility of regulatory limitations prior to use. Specific precau-
tionary statements are given in 8.3.1.

2. Referenced Documents

2.1 ASTM Standards:

D346 Test Method for Collection and Preparation of
Coke Samples for Laboratory Analysis?

D2013 Test Method for Preparmg Coal Samples for
Analysis?

D 3173 Test Method for. Moisture in the Analysis Sample
of Coal and Coke?

t These test methods are under the jurisdiction of ASTM Committee D-5 on
Coal and Coke and are the direct responmblhty of Subcommittee D05.21 on
Methods of Analysis. :

Current edition approved March 15, 1993, Published May 1993.

2 Annual Book of ASTM Standards, Vol 05,05,
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D 3174 Test Method for Ash in the Analysis Sample of
Coal and Coke from Coal®

D 3176 Practice for Ultimate Analysis of Coal and Coke?

D 3180 Practice for Calculating Coal and Coke Analyses
from As-Determined to Different Bases?

D 4621 Guide for Accountability and Quality Control in
the Coal Analysis Laboratory?

D 5142 Test Methods for the Proximate Analysis of the
Analysis Sample of Coal and Coke by Instrumental
Procedures?

3. Summary of Test Methods

3.1 Carbon, hydrogen, and nitrogen are determined con-
currently in a single instrumental procedure. In some sys-
tems, the procedure consists of simply weighing a test
specimen, placing the test portion into the instrument, and
initiating the (subsequently automatic) analytical process. In
other systems, the analytical process may be controlled
manually to some degree.

3.2 The actual process can vary substantially from instru-
ment to instrument because a variety of means can be used
to effect the primary requirements of the test methods. These
test methods provide for the following: (1) conversion of the
subject materials in an oxygen stream in their entirety to
carbon dioxide, water vapor, nitrogen oxides, and ash,
respectively; and (2) subsequent, quantitative determination
of the gases in an appropriate reference gas stream.

3.2.1 The conversion of the subject materials to their
corresponding gases occurs largely during combustion of the
sample at an elevated temperature in an atmosphere of
purified oxygen., The gases that are produced include the
following:

3.2.1.1 Carbon dioxide from the oxidation of organic and
elemental carbon and the decomposition of carbonate min-
erals;

3.2.1.2 Hydrogen halides from organic halldes (and or-
ganic hydrogen, as required);

3.2.1.3 ‘Water vapor from the oxidation of (the remammg)
organic hydrogen and the liberation of moisture and waters
of hydration;

3.2.1.4 Nitrogen and nitrogen oxides from the oxidation
of organic nitrogen and the decomposition of nitrates; and *

3.2.1.5 Sulfur oxides from the oxidation of organic sulfur,
and the decomposition of sulfide and sulfate minerals.

(1) In some systems, sulfurous and sulfuric acids can also
be obtained from a combination of the sulfur oxides and the
water vapor.

3.2.2 For hydrogen and nitrogen, the required conversion
is completed in a two-step process consisting of the fol-
lowing: , .

PRO_00104805



Case 1:13-cv-01215-TSC Document 198-24 Filed 10/07/19 Page 13 of 121

b b 5373

3.2.2.1 Removal of the halides and sulfur oxides and
liberation of the associated hydrogen (as water), by con-
ducting the combustion gases through a series of absorption
traps containing appropriate absorbing materials.

3.2.2.2 Reduction of the -nifrogen: oxides to " elementdl:

nitrogen (see Note 2) by passing;the resultant gases over
copper at an elevated temperature. The carbon dioxide,

water vapor, and nitrogen may then be determined via one K

of several satisfactory detection schemes. .
NoTe 2—In this process, residual oxygen is also removed. ‘

3.2.3 In one configuration, the gases are conducted
through a series of thermal conductivity detectors and gas
absorbers aligned so that, at the water vapor detector level,
the gases pass through the sample side of the detector, a
water vapor absorber, and the reference side of the detector.
At the carbon- dioxide detector. level, the gases are then
conducted through the sample side of the detector, a carbon
dioxide absorber, and the reference .side of the detector.
Finally, the-resultant gases, which contain only nitrogen and
the carrier gas, pass through the sample side of the nitrogen
detector and are vented. At this detector level, high-purity
carrier gas is used as the reference gas. In these.ways, the
detectors determine the thermal conductivities solely of the
specified components.

3.2,4 In a second configuration, the carbon dioxide and
water vapor are determined by infrared detection, using an
aliquot of the combustion gases from which only the halides
and sulfur oxides have been removed. These detectors
determine the infrared absorption of the pertinent gases at
precise wavelength windows so that the absorbances result
from only. the specified: components. In these systems,
nitrogen is determined by thermal condugctivity, using a
second aliquot -of ‘the gases, additionally treated to also
reduce the nitrogen oxides to nitrogen .and to remove the
residual oxygen, carbon dioxide; and water vapor. ‘

3.2.5 In a third configuration, which is essenttally a
modified gas chromatographic system, the pitrogen, carbon
dioxide, and water vapor in the treated combustion gases are
eluted from a chromatographic column and determined. (at
appropnate retention times) by thermal conduct1v1ty detec-
tion. ‘

3.3 In all cases, the concentratlons of carbon, hydrogen,
and nitrogen: are.calculated as functions of the followmg

3.3.1, Measured instrumental responses, . :

3.3.2 Values for response per unit mass for the elements
(established via instrument calibration), and -~

3.3.3 Mass of the sample. N

3.4 Or to the following: the mstrument response is pro-
portional to the gas density, which has been calibrated
against a gas density of known concentration,

3.5 A capability for performmg these computations auto-
matically can be included in the, mstrumentanon used for
these test methods. .

4, Slgmﬁcance and Use

4,1 Carboni 'and hydrogén values are used to detennlne
the amount of oxygen (air) required in combustion processes
and’ for the calculatlons of efﬁmency of combtstion pro-
cesses.

4.2 Carbon and hydrogen determinations are used in
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doet o

material balance calculations on coal conversion processes;
also, one or the other is used frequently in correlations of
chemical.and physical propemes such as yields of products
in hquefactlon react1v1ty in gas1ﬁcat10n and the density and
porosity offeodl.’ »

. 4.3 Nitrogen~data are required to fulﬁll the requirements
of the ultimate analysis, Practice D 3176. Also, the data

, obtained can be used to evaluate the potential formation of

nitrogen oxides as a source of atmospheric pollut1on

4.4 Nitrogen data are used for comparing coals and in
research. If the oxygen content of coal is estimated by
difference, it is necessary to make a nitrogen determination.

5. Apparatus

+ 5.1 Because a: variety of mstrumental components and
configurations can be used satisfactorily for these test
methods, no specifications are presented, here with respect to
overall system design.

5.2 Functionally, however, the following quutrements are

specified for all approved instruments (Note 3):

Nots 3—The approval of an instrument with respect to these
functions is paramount to these tést methods, since such approval tacitly
provides approval of ioth the iaterials atid the procedures tsed with the
system to provide for these functions.

5.2.1 The conditions for combustion of the sample shall
be such that (for the full range of apphcable samples) the
subject components shall be converted completely to carbon
dioxide, water vapor (except for hydrogen associated with
volatile halides), and nitrogen or nitrogen oxides. Generally,
instrumental conditions that effect complete combustion
include (1) avaﬂablhty of the ox1dant (Z) temperature and
(3 ) time. ,'

‘'5.2.2 Representatlye aliquots of the Combusnon gaSes
shall then'be treated for the followmg reasons:

5.2 2.1"To hberate (as water vapor) hydrogen present as
hydrogen halidés and sulfur oxyacids; 4nd ™~ -~

5222 To reduce (to the element) mtrogen present as
mtrogen oxides.

(1) The water vapor and nitrogen so obtained shall be
included with the matenals originally present in these
aliquots,

5.2.3 Additional treatment of the test specimens (pnor 10
detection) depends on the detection scheme used for the
instrument (Note 4),

Note 4—The additional treatments can be provided by the instru-
mental components used to satisfy 5.2.2.

5.2.3.1 For the configuration descnbed in 3 2 3, the ha-
lides proper, sulfur oxides, and residial" 'o:xygen shall be
temoved from the single test specimen i ‘which the water
vapor, carbon dioxids, and nitrogen ars detenmmed sequen—
tially. o

5.2.3.2 For the conﬁguratton described in 3.2.4, the test
specimen in ‘which the water vapor and carbor'dioxide are
determined, only the halides and sulfur oxides shall be
removed from the gas stream in which the water vapor and
carbon dioxide are determined, For combusted gases in
which the nltrogen is determined, the ‘walter; Catbon dioxide,
and residual oxygen shall also be removed. .

5.2.3.3 For the configuration described in 3.2.5, the ha-
lides and sulfur oxides shall be removed from the combiisted
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gases obtained from the single test specimen.

5.2.4 The detection system (in its full scope) shall deter-
mine the analytical gases individually and without interfer-
ence, Additionally, for each analyte, either of the following
applies:

5.2.4.1 The detectors themselves shall provide linear re-
sponses that correlate directly to concentration over the full
range of possible concentrations from the applicable sam-
ples, or

5.2.4.2 The system shall include provisions for evaluating
nonlinear responses appropriately so that the nonlinear
responses can be correlated accurately with these concentra-
tions.

(1) Such provisions can be integral to the instrumenta-
tion, or they can be provided by (auxﬂlmy) computation
schemes.

5.2.5 Finally, except for those systems in. which the
concentration data are output directly, the instrument shall
include an appropriate readout device for the detector
responses.

6. Reagents

6.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.? Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use w1thout
lessening the accuracy of the determination.

6.2 Helium, Carrier Gas, as specified by the instrument
manufacturer.

6.3 Oxygen, as specified by the instrument manufacturer:

6.4 Additional Reagents, as specified by the instrument
manufacturer, This specification refers to the reagents used
to provide for the functional requirements cited in 5.2.2
through 5.2.3.3. These reagents can vary substantially for
different instruments; in all cases, however, for systems that
are functionally satisfactory (and therefore approved), the
reagents recommended by the manufacturer are also tacitly
approved. Consequently, these reagents shall be those recom-
mended by the manufacturer.

7. Preparation of Analysis Sample

systems. In this and all subsequent sample handling steps,
exercise care to minimize changes in moisture content
resulting from exposure to the atmosphere.

8. Instrument Preparation

8.1 Assemble the instrumental system in accordance with
the manufacturer’s instructions.

8.2 Adjustment of Response of Measurement System—
Weigh an appropriate test portion of standard reference
material (SRM), calibrating agent, or reference coal. Analyze
the test portion (see 9.1). Repeat this procedure, Adjust
instrument response, as recommended by the manufacturer
until the absence of drift is indicated.

8.3 Calibration—Select coal SRMs or other cahbratmg
agents and materials specified by the manufacturer that have
certified carbon, hydrogen, and nitrogen values in the range
of samples to be analyzed. At least three such SRMs or
calibrating agents are recommended for each range of
carbon, hydrogen, and nitrogen values to be tested. Wheh
possible, two of the SRMs or calibrating agents shall bracket
the range of carbon, hydrogen, and nitrogen to be tested,
with the third falling within the range.

8.3.1 All coal SRMs should be in accordance with 7.1 and
shall be supplied by or have traceability to an internationally
recognized certifying organization. CAUTION: An indicated
problem with linearity of the instrument during calibration
can result from contamination of the SRM or calibrating
agent as the container becomes depleted. It is therefore
recommended that the SRM or calibrating agent be dis-
carded when less than five grams remain in the container,

8.3.2 Calibration Procedure—Analyze, as samples, por-
tions of an SRM, reference coal, or calibrating agent chosen
to represent the level of carbon, hydrogen, and nitrogen in
the samples to be tested. If not required by the characteristics
of the instrumental system, use the “as-determined” carbon,
hydrogen, and nitrogen values for calibration, These values
must have been calculated previously, from the certified “dry
basis” carbon, hydrogen, and nitrogen values and residual

.moisture determined using either Test Methods D 3174 or

7.1 The samples shall initially be prepared in accordance'

with Test Methods D 2013 or D 346.

7.2 If required by characteristics of the 1nstrumental
system, reduce the air-dry samples (7.1) typically to pass 75
um (No. 200 U.S.A. Standard Sieve Series) to obtain test
units of the analysis sample in the size range recommended
by the instrument manufacturer. If required by characteris-
tics of the instrumental system, as specified in 1.2.2, treat the
test specimens in accordance with Test Method D 3173 to
provide moisture-free materials solely appropriate for these

3 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC, For supgestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Lid., Poole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC),
Rockville, MD.
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D 5142. Continue analyzing until the results from five
consecutive determinations fall within the repeatability in-
terval (see 12.2.1) of these test methods, Calibrate the
instrument according to the manufacturer’s instructions
using these values. Analyze, as samples, two SRMs reference
coals or calibrating agents that bracket the range of values to
be tested. The results obtained for these samples must be
within the stated precision limits of the SRM, reference coal,
or calibrating agent, or the calibration procedure must be
repeated. Records for all calibrations must be in accordance
with Guide D 4621.

8.3.3 Periodic Calibration Verification and Recalibra-
tion—In accordance with Guide D 4621, analyze a control
sample on a periodic basis. Results obtained for the control
sample must be within established limits, or all results
obtained since the last successful control check must be
rejected and the calibration procedure repeated.

9. Procedure

9.1 Analyze a test specimen of the analysis sample in
accordance with the manufacturer’s instructions.
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10. Calculation
10.1 Calculate the concenirations of carbon, hydrogen,
and nitrogen, on the appropriate sample basis, as follows:

_Bx0
D X 100

where:

A = % of the analyte,

B = detector response for that analyte,

C = unit mass per detector response estabhshed for the
analyte during calibration, and

D = mass of test specimen, g.

The -calculations can be provided automatically by the

instrumental system used for these test methods,

11. Report

11.1 Report results from the carbon, hydrogen, and ni-
trogen determinations on any of the several common bases
that differ solely with respect to moisture. Procedures for
converting the as-determined concentrations to the other
bases are specified in Practices D 3176 and D 3180.

12. Precision and Bias

12.1 ‘These test methods ‘are highly dependent on the
calibration of the equipment

12.2 The precision of these test methods for the determi-
nation of carbon, hydrogen, and nitrogen was calculated
from data obtained from coal and coke with the following
concehtration ranges: carbon (dry-basis) from 48.6 to
90.6 %, hydrogen (dry-basis) from 0.14 to 5.16 %, and
nitrogen (dry-basis) from 0.69 to 1.57 %.

12.2.1 Repeatabiliry—~The difference, in absolute value,
between two, test results, conducted on portions of the same
analysis sample,‘ in the same laboratory, by the same
operator, using the same apparatus, shall not exceed the
repeatabﬂlty interval J() in more than 5 % of such palred
values (95 % confidence level). When such a difference is

TABLE 1 Repeatability and Reproducibility
% Dry Basis 1r) IR)
Carbion 0.64 2.51
Hydrogen 0.18 0.30
Nitrogen 0.1 0.17

found to exceed the repeatability interval, there is reason to
question one, or both, of the test results. The repeatability
intervals for carbon, hydrogen, and nitrogen are given in
Table 1.

12.2.2 Example—Duplicate analyses for carbon exhibited
values of 73.26 and 73.62 %. The absolute difference be-
tween the two test results is 0.36 %. Since this value does not
exceed. the J(7) value of 0.64 %, these duplicate analyses are
acceptable at the 95 % confidence level,

12.2.3 Reproducibility-—The difference, in absolute vatue,
between the averages of duplicate determifiations conducted
in different laboratories on representative samples prepared
from the same bulk sample after reducing to 100 % through
a 250 Mm (No. 60 UJ.S.A. Standard Sieve Series) sieve shall
not exceed the reproducibility internal I(R) in more than
5% of such paired values (95 % confidence level). When
such a difference is found to exceed the reproducibility
interval, there is reason to question one, or both, of the test
results. The reproducibility intervals for carbon, hydrogen,
and nitrogen are given in Table. 1.

12.2.4 Example—Duplicate analysis for hydrogen in one
laboratory revealed an average value of 5.15 %, and a value
of 493 % was obtained in a different laboratory. The
difference between the different laboratory value:is 0.22 %.
Since the laboratory difference is less than the I(R), the two
laboratory results are acceptable at the 95 % confidence
level.

12.3 Bias—Bias is ehmmated when the apparatus is
calibrated properly against certified reference standards.
Proper calibration, includes comparison of test data on
NIST SRM 1632 or other reagents and materials that have
certified carbon, hydrogen, and nitrogen values.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in bormsot/on
with any ltern mentioned in this standard. Users of this standerd are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard Is subject to revision at any time by the respansible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for adlciitional standards
and stioutd be addressed to ASTM' ‘Headquarters. Your comments will receive careful consideration at a mesting of the responsible
technical committee, which you may attend. If you feel that your comiments have not received a fair hearing you should make your
views kpown to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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‘IHI Designation: D 5489 - 96a
Standard Guide for

Care Symbols for Care Instructions Textile Products’

This standard is issued under the fixed dcslgnatmn D 5489; the number 1mmcdmwly following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (¢) indicates an cdnoml change since the last revision or reapproval,

1. Seope

1.1 This guide provides a uniform system of symbols for
the disclosure of care instructions on textile products such as
apparel, piece goods, and household and institutional arti-
cles, hereinafter referred to as “textile,” or “textile product.”

1.2 This guide provides a comprehensive system of sym-
bols to represent care instructions in order to reduce lan-
guage-dependent care instructions.

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for informa-
tion only.

1.4 This standard does not purport to address all ()j the
safety concerns, If any, associated with its use. It is the
responsibility of the user of this standard o establish appro-

priate safety and health practices and determine the applica-.

bility of regulatory limitations priov fo use.
2. Referenced Documents

2.1 ASTM Standards:

D 123 Terminology Relating to Textile Materials?

123136 Terminology Relating to Care Labels for Textile
and Leather Products Other than Textile Floor Cover-
ings and Upholstery?

13938 Guide for Determining or Confirming Care In-
structions for Apparel and Other Textile Consumer
Products?

2.2 AATCC Standard:

A Glossary of AATCC Standard ’I‘exmmology, Cutrent
Edition*

2.3 Other Standards:

Federal Trade Commission Amendment to Trade Regula-
tion Rule Concerning Care Labeling of Textile Wearing
Apparel, and Certain Piece Goods, Federal Register,
Vol 48, No. 99, May 20, 1983 (cited as 16 CFR 423).

The National Standard of Canada—Care Labelling of

Textiles (CAN/CGSB-86.1-M91)6 -

3. Terminology

3.1 Definitions—For definitions of terms related to care
labeling, refer to Terminology D 3136. For definitions of

 This guide is under the jurisdiction of ASTM Coramittee D-13 on Textiles
and is the direct responsibility of Subcommittee D13.62 on Textile Care Labeling,

Current edition approved April 10, 1996, Published June 1996. Ongmaﬂy
published as D 5489 .- 93. Last previous edition ID 5489 - 96, -

- & Annual Book of ASTM Standards, Vol 07.01.

3 Annual Book of ASTM Standards, Vol (7.02,

4 dnnual AATCC Technical Manval, available from the Ametican Association
of Textile Chemists and Colorists, P,0. Box {2215, Resesrch Triangle Park, NC
27709,

" 5 Available from U8, Governraent Printing Office, North Capital: and H
Streets, NW, Washington, DC 20401.

§ Available from CGSB, Sates Unit, Ottdwa, Canada, (8 19) 956-0425 or (819)

9560426,

75

other textile terms used in this gnide, refer to Terminology
D123,

3.1 care instructions, n—in textiles, a series of directions
describing which care practices should refurbish a product
without adverse effects, and warnings for those care practices
expecled to have a harmful effect.

3.1.2 care label, n—in textiles, a label or other affixed
instuctions that report how a product should be refurbished.

3.1.2.1 Discussion—The Federal Trade Commission, in
Rule 16 CFK 423, requires care instructions on most apparel
and certain other textile items. In relation to these products,
the FTC definition states: “Care Label means a permanent
label or tag, containing regular care information and instruc-
tion, that is attached or affized in some manner that will not
become separated from the product and will remain legible
during the useful life of the produ

3.1.3 care symbol, v—a pictorial symbol that gives direc-
tions for refurbishing a consumer textile product,

4, Significance and Use

4.1 This guide provides symbols and a system for their use
by which care instructions for textile products can be
conveyed in a simple, space-saving, and easily understood
pictorial format that is not language dependent.

4.2 Care symbols are an important means for identifying
the appropriate care procedure for home laundering, com-
mercial laundering, professional drycleaning, and coin-op-
erated drycleaning, of textile products.

4.3 Care labeling using symbols can be used by the

purchaser to select textiles on the basis of the care method

required without knowledge of the language.

4.4 In countries in which a word-based care labeling
system is required, the care qymbol system may be used as a
supplemental system.

4.5 The word-based instructions for each symbol in this
guide are harmonious with Terminology D 123, D 3136, the
United States Federal Trade Commission Cdre Labelmg
Rule, 16 CFR 423 and industry pramce (See Fig. 1 and 2).

4.6 The care label symbol system is based on five basic
care symbols ruprescntmg, five operations: washing, blccwh-
ing, drying, i 1ronmg, and drycleaning,

4,7 One color is used for all care symbols in this care

. labeling system,

Note 1--While this symbol system uses one color, it is harmonious
with tri-color systems such as the Canadian systemn because the
instructions are clear whether printed in one or three colors.

- 4.8 This guide does not specify the type of label métendl.

or fabric to use. However, dpplopmateness tm consymer
comfort is recommended. . .

5. Precedure ,
5.1 Introduction—This section defines the bdmu symbols
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; No*rwzw‘l'his ﬂgure illustrates the symbols 0] uée fon laundxaﬂng ;md dryamanlng instructions. As a minimum, Iaunderlng ingtiuctions shall include. In order, ffout symbots:

and prok bmve Lff,ymbolsw the washmg, blggxchmz,, drymg,
ironing, and drycleaning progesses; the required:number and
order..of symbols; supplementary care mformz;tmn and
appropriate instructions and labels. .

5.2 Basic Symbols:

5.2.1"There are five balic sxmbol,s the Waahtub triangle,
square, iron, gmd citclé

5.2.2 ’I“he washtub repr ms ‘the washmg process, the
triangle: replesénts the Bledthing process, thé square repre-
sents thedrying: processy thg dron represents the ironing or
pressing process, and the circle representsithe drycleaning
process (Fig. 3).

5.3 Prohibitive Symbols—The prohibitive X rmbol
niay-be: used-only when ' evidence .can be provided that the

776.

d, ironing; and drycleaning .;ns:tructhns shall lrg]cmq:s ane symbol. Additional symbols or words may be used to clarify the instructions.
) mar‘aial and Home. Laundering and Drycleaning Symbols

&

care procedure on which it'is superimposed would adversely
change the dimensions,’ hatid appearance, orperformance of
the textile. (Fig, 4). .

5.4 The Washing Process—The Washiub Symbol:
5:4.1The washitub with 2~ water wave represents the
washing process ing .home ;laund ng or commerclal l'mn-
deting setting, : . .

5.4.2 Additional symboléﬂmmde 11he Washmb mdicaté the
suggested water temperature and hatid-washing progés,

.-5.4.3 Additional “symbols - below the - tub mdlcale the
permanent press cycle (one underhne, minus sign, or. bar)
and delicate-gentle wmhing cycle; (two underlmes, ’mmus
gigns, or baes).. . - .. o L e

5 4.4 The numcncal or the dot syetem or both 1llustrated
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GUIDE TO ORDER OF PROFESSIONAL AND HOME
LAUNDERING AND DRYCLEANING SYMBOLS

The care insiruction symbols shall be in the following order:

WASH = “_7 A [:] ﬂ
WASH BLEACH DRY IRONM
DO NOT nnvc"ﬁ'é‘ﬁﬁ = ‘:7 A D E:\ @
‘ WASH BLEACH DRY  (MON DHRYCLEAN
'WASHOR :
DRYCLEAN Vg B%H[f‘;‘;l %DH@AN

DRYCLEAN
‘ DRYCLEAN

DONOT WASH .

- RERRO

* DRYCLEAN
‘ WASH BLEACH DRY  IHON DRYCLEAN
DO NOT WASH .,
DO NOT DRYCLEAN ™ ﬁ % E ﬂ )g

WASH BLEACH DRY  IHON DHYGLEAN’

Examples of care instructions:
/NOE=XON

Machine wash, warm
Permanent press

‘Only non-chlorine bleach
when needed

“ Tumble dry, low
Permanent press

= . Steam iron, medium

Dryclean, short
Any solvent

eﬁmwg

.. FIG. 2 Guide to Order of Profess;onal and Home Laundenng and Drycleaning Symbols .

in Fig. 1 may be used to represent the maximum water
temperature for machine and hand washing,

54.4.1 The six washing temperatures are 30°C (80°F),
40°C (105°F), 50°C (120°F), 60°C (140°F), 70°C: (160°F), and
95°C- (200°F) and shall be in Celsius when “using the
numerical water temperature system, The temporature in

Farenheit may be included,

UAL

FIG 3 Basio Symbols

NOTE 2—The. Fahrenhmt tempenatuws, while 1ot true conversions
from Celsius to Fahrenheit, are within the ranpe ot‘ tolerance . and
represent common conspmer usage, ;

5.4.4.2 The: :aymbols used “to represe:nt the maximum
water temperature in the dot system are: six dots [95°C
(200°F)], five dots [70°C (160°F)], four dots [60°C (140°F)],
very hot, three: dots [50°C (120°F)], hot two dots [40°C

-ﬁﬁpuﬁgf

"“.FIG. 4 Prohibitive Symhols - -
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~or words, as approprjate, shall, be placed after or below the

(105°F)], warm, one dot [30°C.(85°F)], cool/cald. .
5.4.5 To represent the' cam struch i for'a spcc ﬁc ash
condition, usc the appropriate symbol'as illustrated By’ “Fig. 1.

Nore 3—Consumers may obtain -washing maching .temperatuges . ;

that are frequently below the suggested temperature. The actual water
temperature obtained when using the washing machiiie settings of;hot,

~four Jaundering symboh of in the logical refurbishing se-

quence of thewritten 'Thstroctions.
~ 5.9.2 To represent the drycleaning process on a care label,
thie dryeleaning symbol, as a minimum, shall be used. (See

JFig. 2)

warm, and cold vary in North American by region, segson, water heater
settings, and regulations governing factory-set mixes. In generdl, North

American washing machinos do not have internal heaters. :

5.5 The Bleaching Process—The Trzangle Symbol

5.5.1 The triangle represents the bleaching procw;. T

5.5.2 The triangle and an additional symbol inside the
triangle represent the type(s) of bleach touse, -

5.5.3 To represent the care instruction for a v.peclﬁc
bleaching condition, use the appropriate symbol as illus-
trated in Fig. 1.

5.6 The Drying Process——1The Square Symbol:

5.6.1 The square represents the drying process.

5.9.2.1 Asappropriate, additional warnings and informa-

dion shall be placed around, afier, or below the drycleaning

.symbol or in the logical refurbishing sequence of the written

‘mstlu(:tmns.‘ oy

NoT8 4--The ISO care symhol system requues four care symbols in
the following -order: washing, bleaching, ironing, and drycleaning.
Tumble drying is an. optmnal symbol, which, if used, appears after the

~ four symbols,

5.6.2 Additional symbols inside the square représent the '

type of drying process o usc, including tumble dry, line dry,
drip dry, dry flat, and dry in shade. -

5.6.3 Additional symbols below the tumble dry %ymbol
indicate the permanent press cycle (ong underline, one’
minus, or bar) and the delicate-gentle cycle (two underlines,
minus signs, bars).

TABLE 1 Additional Words to Use with Care Symbols

NoTe—This guide uses symbols to reprasent many textile refurbishing proce-
dures. Additional words may be needed to clarlfy specific care procedures. This

“table of addlitiohal words-to-use with care symbols includes the remaining terms

listed in the Federal Trade Commission Care Labeling Glossary of Standard Terms
and aditional terms in common usage that are not represented by symbols, These
torms are illustrative only and are not meant to be an exhaustive list of all terms

-that might be Approptate‘or necessary. In general, whatever additional words are

5.6.4 The dot(s) used to represent the dryer temperaturés. -

are: three dots (high), two dots (medium), one dot {low), no_

dots (any heat), and, a solid or filled-in circle (no heat/air).

5.6.5 To represent the care instruction for-a specific
drying condition, use the appropriate symbol as illustrated in
Fig. 1.

5.7 The Ironing Process—The Hand Iron Symbol:

5.7.1 The hand iron represents both the hand nomng
process and the pressing process on commelcml equlpment
in laundering and ule.mmg plants.

5.7.2 Additional ironing symbols include dot symbols
inside the iron to represcmt the temperature setting and the
steam burst under the iron.

5.7.2.1 The three ironing temperatures are 200°C (392°F),
150°C (302°F), and 110°C (230°F).

5.7.3 To represent the care instruction .for a.specific.

ironing condition, use the appropriate symbol as illustrated
in Fig, 1.

5.8 The Drycleaning Provess—The Cirele Symbol:

5.8.1 The circle represents the drycleaning process.

needed to state 4 care-procedure that will result in the adequate refurbishment of
the item should be used,

Federal Trade Commission Standard Terms

Terms in Gommon Usage
Prediminary and Laundering Instructions

‘donot have commerdcially laundered close zippers
small logd o not pretreat
- separately do not soak
_ with like coldrs remove buttons
wash inalde out termove lining
remove shoulder pads
rermove trim

warm rinse

wash dark colors separately

wash once before wearing
cold tinse wash separately
rinse thoroughly wash with like colors
no spin of do not spin do not use fabric softener
no wring or do not wring# remove promptly
no wring or twistA ringe twice
damp wipe only use oversize washing machine

Bleathing (all terms represented by symbols)
Drying, All Methads
no heatA tumble dry, airA
remove promptly : do not tumble dry
“line dry in the shade: reshape and dry flat

line dry away from heat: block flat to dry

block to dry

smooth by hand

5.8.2 A letter enclosed in the drycleaning symbol indicates

the type of solvent that is're¢otmended. - -

5.8.3 Additional symbols with the drycleaning symbol
give additional mfovmatlou conaermng the dry(,lcamng pro-
cess, o v

5.84 To represcnt the care mstl:'uwmn 101 a’ specific
dryclmnmg condition use. the appwpuate symbol as illus-
trated in Fig. L. . ;

5.9, Requzred Numbenand @rder Of Smbols

‘5, 9.1 To represgnt the: laundermg PIOCESS 0N A care label
a minimum of four care instruction symbols in the following
order—washing, b]eachmg3 drymg, a,nd ;lronmg—shall ‘be
used.:(See Pig. 2.). :

1.1 The requlred symbol may béa p;ohlbm
(“X”) ‘if necessary.
5.9.1.2 Additional warnings and information in symbols

._‘symbol

778

Ironing and Pressing
do not iron decal
iron reverse side only
iron right side only

fron wrong side only .

no steam or do not ateam/‘
gteami-only " i
iron damp warm iron if nesded
use pross only, use press cloth

Wash or Dryc!ean (can bo repF@sentod wl(h symbol&)
Dryoloanlng, Al Methods

professtonally dryclean “flr'clean

short cyoleA, . . ) ~use clodr solvent
minimum oxtraction o clear distlled solvent rinag
rediiced of fow molsture” Tt

timble Weri T Clow heat?

tumble cool R coh
cabinet dry warm

cabinet dry cool PN ‘

steam only - o ‘ . Ry

no steam orido not steam“ ' i . no gteam finishing
steam only .. . (I CoLE

use fluoracarbon solvent’

A Care instruction may be réported in.wadtdsror & symbol.
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5.10 Supplementary Care Information:

5.10.1 Additional written care information in English (or
the appropriate national language) may be necessary to
convey special instructions not covered by the appropriate
care symbol or may be legislated by the country of origin, See
Fig. 1 and Table 1. _

3.10.1.1 For example, the words “remove promptly” shall

be added to an article for which this instruction would be

appropriate.

5.10.2 The additional words shall appear on the care label
in the logical refurbishing sequence.

5.10.3 The written information on a care symbol label
shall be brief,

3,104 The symbol information and any accompanying
detailed written instructions shall be consistent,

541 Appropriate Instructions and Labels:

5111 Tt is the responsibility of the manufacturer, or
importer to provide the corvect information on the care label
for refurbishment. ;

5.11.2 Determining and confirming care instructions re-

quires setting performance specifications, testing, and evalu-
ating the textile product. :

5.11.2.1 To aid in determining and confirming appro-
priate instructions, see Guide D 3938 and published test
methods and performance specifications are available in the
curtent Annual Book of ASTM Standards, Vols 07.01 and
07.02, and the current Technical Manual of the American
Association of Textile Chemists and Colorists (see 2.1 and
2.2). :

5.11.3 In the United States, care labels must be attached
permanently to apparel except when exempted by the U.S,
Federal Trade Commission Regulation (see 2.3),

5.11.4 Permanent care labels shall remain attached and
legible for the life of the textile product,

3.11.5 Either the care label or the detailed care instruc-
tions shall be visible at the point of purchase.

6. Keywords

6.1 bleaching; care instructions; care label; care symbol;
consumer textile product; drycleaning; drying; ironing; per-
manent care label; pressing; washing

The American Sociaty for Testing and Materials takes no position respacting the valiclity of any patent rights asserted i connection
with any item mentioned In this standard, Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirely their own responsibijity. .

This standard is subject to revision at any time by the rasponsiple technical commitiee and must be reviewed every five years and
if not revised, elther roapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addrassed to ASTM Headqliarters. Your comments will receive careful consideration at a meeting of the responsible
technical committes, which you may attend. If you feel that your comments have not recelved a falr hoaring you should make your .
views known to the ASTM Commitiee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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qmp Designation: D 5673 - 96

Standard Test Method for

Elements in Water by Inductively Coupled Plasma—Mass

Spectrometry’

This standard is issued under the fixed designation D 5673; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the determination of dis-
solved elements in ground water, surface water, and drinking
“water. It may also be used for the determination of total-
recoverable elements in these waters as well as wastewater.?

1.2 This test method should be used by analysts experi-
enced in the use of inductively coupled plasma—mass
spectrometry (ICP-MS), the interpretation of spectral and
matrix interferences and procedures for their correction.

1.3 It is the user’s responsibility to ensure the validity of
the test method for waters of untested matrices.

1.4 Table 1 lists elements for which the test method
applies, with recommended masses and typical estimated
instrumental detection limits using conventional pneumatic
nebulization. |Actual working detection limits are sample
dependent and, as the sample matrix varies, these detection
limits may also vary. In time, other elements may be added
as more information becomes available and as required.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. .

2. Referenced Documents--*

2.1 ASTM Standards
. D 1066 Practice for Sampling Steam3
_ D1129 Terminology of Terms Relating to Water?

D 1192 Specification for Equipment for Sampling Water
- and Steam in Closed, Conduits®

D1193 Spemﬁcanon for Reagent Water

D3370 Practices. for Sampling Water from Closed

Condults3 o

3. Termmology

3.1 Definifions—For definitions of other terms used in
this test method, refer to Terminology D 1129.
" 3.2 Description of Terms Specific to This Standard:

3.2.1 calibration blank—a volume of water containing the
same acid matrix as’the calibration staridards (see 11.1),

3.2.2 calibration shock ~ solution—a - solution prepared
from the stock standard solution(s) to verify the instrument

- }This test method is under-the jurisdiction of' ASTM Committece D-19 on
Water and is. the direct responslbuhty of Subcommittee 1D19.05 on Inorganic
Constituents in Water,

Current edition approved Feb 10 1996 Published April 1996,
2 EPA Test Methiod: Detcrmmanon of Trace Elements in Waters and Wastes by

Inductively Coupled Plasma—Mass Spectrometry, Methiod 200.8.

3 Annual Book of ASTM Standards, Vol 1101, .

763

TABLE 1 Recommended Analytical Mass and Estimated
Instrument Detection Limits

Aecommended Estimated Instrument
Element Analytical Mass Datection Limit, ug/LA
Aluminum 27 0.05.
Antimony 121 0.08
Arsenic 75 0.9
Barium 137 0.5
Beryiliurn 9 0.1
Gadmium 111 0.1
Chromium 52 0.07
Cobalt 59 0.03
Copper 63 0.03
Lead 206, 207, 208 0.08
Manganese 55 041
Molybxdenum 98 0.1
Nickel 60 0.2
Selenium a2 5.0
Silver 107 0.05
Thallium 205 0.09
Thorium 232 0.03
Uranium 238 0.02
Vanadium &1 .02
Zinc 66 0.2

A Instrument detection {imits (3¢) estimated from seven replicate scans of the
blank (1 % v/v HNOg) and thres replicate integrations of a multi-element standard,

response with respect to analyte concentration,

" 3.2.3 calibration standards—a series of known standard
solutions used by the analyst for calibration of the instru-
ment (that is, preparation of the analytical curve) (see 11.).

3.2.4 dissolved—those elements that will pass through a
0.45-um membrane filter.
3.2.5 instrumental detection limit—the concentration

equivalent to a signal which is equal to three times the

standard deviation of the blank signal at the selected
analytical mass(es).

3.2.6 internal standard—pure analyte(s) added in known
amount(s) to a solution. This is used to measure the relative
instrument response to the other analytes that are compo-
nents of the same solution, The internal standards must be
analytes that are not a sample component.

3.2.7 method detection limit—the minimum concentra-
tion of an analyte that can be identified, measured and
reported with 99 % confidence that the analyte concentra-
tion is greater than zero. This confidence level is determined
from analysis of a sample in a given matrix containing the
analyte(s).

3.2.8" quality control reference solution—a solution with
the certified concentration(s) of the analytes, prepared by an

independent laboratory, and used for a verification of the

instrument’s calibration,
" 3.2.9 reagent blank—a volume of water containing the
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same matrix as the calibration standards, carried through the
entire analytical procedure.

3.2.10 total-recoverable—a term relating to forms of each
element that are determinable by the digestion method
included in this procedure (see 12.2).

3.2.11 tuning solution—a solution that is used to deter-
mine acceptable instrument performance prior to calibration
and sample analysis.

4. Summary of Test Method

4.1 This test method describes the multi-element determi-
nation of trace elements by inductively coupled plasma—
mass spectrometry (ICP-MS). Sample material in solution is
introduced by pneumatic nebulization into a radiofrequency
‘plasma where energy transfer processes cause desolvation,
atomization, and ionization. The ions are extracted from the
plasma through a differentially pumped vacuum interface
and separated on the basis of their mass-to-charge ratio by a
quadrupole mass spectrometer. The jons transmitted
through the quadrupole are detected by a continuous dynode
electron multiplier assembly and the ion information pro-

- cessed by a data handling system. Interferences relating to
the technique must be recognized and corrected for (see
Section 7 on interferences). Such corrections must include
compensation for isobaric elemental interferences and inter-
ferences from polyatomic ions derived from the plasma gas,
reagents, or sample matrix. Instrumental drift as well as
suppressions or enhancements of instrument response
caused by the sample matrix must be corrected for by the use
of internal standardization.

5, Significance and Use:

5.1 The test method is useful for the determination of
element concentrations in many natural waters and wastewa-
ters. It has the capability for the determination of up to 20
elements. High analysis sensitivity can be achieved for some
. elements that are difficult to determine by other techniques.

6. Interferences

6.1 Several types of interference effects may contribute to
inaccuracies in the determination of trace elements. These
interferences can be summarized as follows:

6.1.1 Isobaric Elemental - Interferences—Isobaric ele-
mental interferences are caused by isotopes of different
elements which' form- singly or doubly charged ions of the
same nominal mass-to-charge ratio and which cannot be
resolved by the mass spectrometer in use. All elements.
determined by this test method have, at a minimum, one
isotope free of isobaric elemental interference. Of the analyt-
ical isotopes recommended for use with this test method (see
Table 2), only molybdenum-98 (ruthenium) and selenium-
82 (krypton) have isobaric elemental interferences. If alterna-
tive analytical isotopes having higher natural abundance are
selected in order to achieve greater sensitivity, an isobaric
interference may occur. All data obtained under such
conditions must be corrected by measuring the signal from
another isotope of the interfering element and subtracting
the appropriate signal ratio. from the isotope of interest. A
record of this correction process should be included with the.
report of the data. It should be noted that such corrections
will only be as accurate as the accuracy of the isotope ratio

TABLE 2 Recommended Analytical Isotopes and Additional
Masses That Are Recommended To Be Monitored

Isotope? Element of Interest
27 Aluminum
121,123 Antimony
75 Arsenic
135, 187 Barium
9 Beryllium
106, 108, 111, 114 Cadmium
52, 63 : Chromium
59 Cobalt
63, 65 : Copper
206, 207, 208 Lead
85 Manganese
95, 97, 98 Molybdenum
60, 62 Nickel
77,82 Selenium
107, 109 Silver
203, 205 Thallium
232 Thotium
238 Uranium
51 Vanadium
66, 67, 68 Zinc
Krypton
99 Ruthenium
1056 Paladium
118 Tin

Alsotopes recommended for analytical determination are underlined. These
masses were recommended and are reflected in the precision and bias data.
Alternate masses may be used but interferences must be documenited, -

used in the elemental equation for data calculations. Rele-
vant isotope ratios and instrument bias factors should be
established prior to the application of any corrections,

6.1.2 Abundance Sensitivity—Abundance sensitivity is a
property defining the degree to which the wings of a mass
peak contribute to adjacent masses. The abundance sensi-
tivity is affected by ion energy and quadrupole operating
pressure. Wing overlap interferences may result when a small
ion peak is being measured adjacent to a large one. The
potential for these interferences should be recognized and the
spectrometer resolution adjusted to minimize them,

6.1.3 Isobaric Polyatomic Ion Interferences—Isobaric
polyatomic ion interferences are caused by ions consisting of
more than one atom that have the same nominal mass-
to-charge ratio as the isotope of interest, and which cannot
be resolved by the mass spectrometer in use. These ions are
commonly formed in the plasma or interface system from
support gases or sample components, Most of the common
interferences have been identified, and these are listed in
Table 3 together with the method elements affected. Such
interferences must be recognized, and when they cannot be
avoided by the selection of an alternative analytical isotope,
appropriate corrections must be made to the data. Equations
for the correction of data should be established at the time of
the analytical run sequence as the polyatomic ion interfer-
ences will be highly dependent on the sample matrix and
chosen instrument conditions.

6.1.4 Physical Interferences—Physical interferences are
associated with the physical processes that govern the trans-
port of the sample into the plasma, sample conversion
processes in the plasma, and the transmission of ions through
the plasma—mass spectrometer interface. These interfer-
ences may result in differences between instrument responses
for the sample and the calibration standards. Physical
interferences may occur in the transfer of solution to the

764
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TABLE 3 Common Molecular lon Interferences
Background Molecular lons

Molecutar lon Mass Element Interference”
NH+ 15
OH+ 17
OHy* 18
Cyt 24
CN+ 26
co+ 28
N+ 23
NgH* 29
NO+ 30
NOH+ 31
O+ 32
OgH* 33
a8ArH* 37
SBAYHT 39
AOArH* 41
CO,+ 44 .
COH+ 45 S¢
ArCt, ArO* 52 Cr
AN+ 54 Cr
ArNH+ 55 Mn
ArQ+ 56 ces
ArOH+ 57 e
40A(38A+ 76 Se
A0AIEpr+ 78 Se
40pr,+ 80 Se
Matrix Molecular lons
Chioride
3&CIO*+ 51 \
ABCIOHY T .52 Cr
37CIO* 53, cr
37CIOH+ 654 Cr
ArS5CH 75 As
AT+ S 77 Se
Sulphate .
ago+ 48 '
3250H+ 49 ..
3450+ ' 80 : v, Cr
3480H+ 51 \'4
80z, 8pt 64 Zn
Ardag+ 72 e
A4S+ - 74
Phosphate 3
PO+ . 47
POH+ ) 48. v
POs* N &) Cu
AP+ PSR T 6 v
Group L, Il Metals
ArNa+ 63 Cu
Ark+ 78 sl
ArCat R I :
Matrix Oxides? i :
To " 62't0 66 Ni, Cu, Zn .
0 106 to 112 Ag, Cd
MoO 108 10 116 Cd

A Method elements or internal standards affected by molecular ions.

2 Oxide Interferences. will normally be very small. and will only impact the
method elements when present at relatively high concentrations. Some examples
of matrix oxides are listed of which the analyst should be aware. It is recom-
mended that Ti and 2r isotopes be monitored if samples are likely to contain high
levels of these elements, Mo Is monitared as a method analyte.

nebulizer (for example, viscosity effects), at the point of
aerosol formation and transport to the plasma (for example,
surface tension), or during excitation and ionization pro-
cesses within the plasma itself. High levels of dissolved solids
in the sample may contribute deposits of material on the
extraction, or skimmer cones, or both, reducing the effective
diameter of the: orifices and, therefore, ion transmission.
Dissolved solids levels not exceeding 0.2 % (w/v) have been

765

recommended to reduce such effects. Internal standardiza-
tion may be effectively used to compensate for many
physical interference effects. Internal standards should have
similar analytical behavior to the elements being determined.

6.1.5 Memory Interferences—Memory interferences result
when isotopes of elements in a previous sample contribute to
the signals measured in a new sample. Memory effects can
result from sample deposition on the sampler and skimmer
cones, and from the buildup of sample material in the
plasma torch and spray chamber, The site where these effecis
occur is dependent on the element and can be minimized by
flushing the system with a rinse blank consisting of HNO,
(1449) in water between samples. The possibility of memory
interferences should be recognized within an analytical run
and suitable rinse times should be used to reduce them. The
rinse times necessary for a particular element should be
estimated prior to analysis. This may be achicved by
aspirating a standard containing elements corresponding to
ten times the upper end of the linear range for a normal
sample analysis period, followed by analysis of the rinse
blank at designated intervals, The length of time required to
reduce analyte signals to within a factor of ten of the method
detection limit should be noted. Memory interferences may
also be assessed within an analytical run by using a min-

imum of three replicate integrations for data acquisition. If’

the integrated signal values drop consecutively, the analyst
should be alerted to the possibility of a memory effect, and
should examine the analyte concentration in the previous
sample to identify if this was high. If a memory interference
is suspected, the sample should be re-analyzed after a long
rinse period.

7. Apparatus

7.1 Inductively Coupled Plasma-Mass Spectrometer—In-
strument capable of scanning the mass range 5 to 250 amu
with a minimum resolution capability of 1 amu peak width
at 5% peak height, Instrument may be fitted with a
conventional or extended dynamic range detection system,
See manufacturers instruction manual for installation and
operation, .

8. Reagents ‘

8.1 Purity of Reagents—Reagent grade chemicals shall be.

used in all tests. Unless otherwise indicated, it is intended
that reagents shall conform to the specifications of the
committee on analytical reagents of the American Chemical
Society,* where such specifications are available. The high
sensitivity of inductively coupled plasma—mass spectrom-
etry may require reagents of higher purity. Stock standard
solutions are prepared from high-purity metals, oxides, or
non-hydroscopic reagent grade salts using Type I, TI, or IIT
reagent water and ultrapure acids, Other grades may be used
provided it is first ascertained that the reagent is of sufficient

+ Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Lid., Poole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, U.8. Pharmaceutical Convention, Inc, (USPC),
Rockville, MD,
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purity to permit its use without lessening the accuracy of the
determination.

8.2 Purity of Water—Unless otherwise indicated, refer-
ence to water shall be understood 10 mean reagent water
conforming to Type I, IT, or IIl of Specification D 1193. It is
the analyst’s responsibility to insure that water is free of
interferences.

8.3 Argon—High purity grade (99.99 %).
8.4 Hydrochloric Acid (sp gr 1.19)—Concentrated hydro-
chloric acid (HCY), ultrapure or equivalent.

*8.5 Hydrochloric Acid (1+1)—Add one volume of hydro-
chloric acid (sp gr 1.19) to 1 volume of water.

8.6 Nitric Acid (sp gr 1.42)—Concentrated nitric acid
(HNO,), ultrapure or equivalent, :

" 8.7 Nitrie Acid (1+1)—Add one volume of nitric acid (sp
gr 1.42) to 1 volume of water.

8.8 Nitric Acid (1+49)—Add one volume of nitric acid (sp
gr 1.42) to 49 volumes of water.

8.9 Nitric Acid (1+99)—Add one volume of nitric acid (sp
gr 1.42) to 99 volumes of water.

8.10 Stock Solutions—Preparation procedures- for stock
solutions of each element are listed in Table 4.

8.11 Ammonjum Hydroxide (sp gr 0.902)—Concentrated
ammonium hydroxide (NH,OH), ultrapure or equivalent.

8.12 Mixed Standard Solutions—Prepare mixed standard
solutions by combining appropriate volumes of the stock
solutions in volumetric flasks (see Note 1). Prior to preparing
mixed standard solutions, each stock solution needs to be
analyzed separately to determme possible interferences on
the other analytes or the presence of impurities, Care needs
to be taken when preparing the mixed standard solutions to

TABLE 4 Preparation of Metal Stock Solutions4

Elementor = Weight

Compound. "~~~ g.. . .. Solvent
Al 0.1000- 10 ‘mL.of HC! (sp.gr 1.19) + 2 mL. of HNOg (sp gr
Lo 14
Sh 0.1000 0.5 mi. of HCI (ap gr 1.19) + 2 mL of HNQj (1-+1)
Asy03 10,1320 - 1 mlL of NH,OH (sp gr 0.902) -+ 50 mL of H0
BaCO; 20,1437 2mL of HNO,(sp gr 1.42) + 10 mL of H,0:
BeS0,-4H,0 19650 50 mL of H,0, add 1 mL of HNO; (sp gr 1.42)
Bl,0, 01115 5 mL of HNO; (sp gr 1.42)
Cd 0.1000 5 mL of HNQg (141)
CrO, 0.1923 1 mL of HNOj; (sp 1.42) + 10 mL H,0
Co 0.1000 5 mL of HNO, (1-+1)
Cu 0.1000. .5 mL of HNOz (1+1)
In 0.1000. 10 mL of HNO4 (1-+1)
PHNO, 01599 & mL of HNOz (1+1)
MgO 011658 . 10-mL of HNQ, (1-+1)
Mn 0:1000 . 8 mL of HNOZ (1-++1)
MoQOy ) 0;1500. .1 mL of NH4OH (sp.gr 0.902) + 10 mL of Hzo
Ni 0.1000° '8 mL of HNOj (sp gr 1.42)
806,04 01534 5 mL of HNQz (1+1) - :
Se0, -0,1405. '20 mL of Ha0O'
Ag - 01000 5.mL of HNOg (1+1)
Thb,O, ~. 01176 5 mb of HNO; (sp gr 1.42)
TINO, ‘ 0, 1303 1 mL of HNO; (sp ar 1.42) + 10 mL of H,0

THNOg)s-4H;0- 018380 20.mL of Hy0
UONO,),+6H0 02110 . 20 mL of HyQ..

v 0.1000 5 mL. of HNO,, (1-+1)
Y204 0.1270 5 mL of HNO, (1+1)
Zn 01000 5 ml. of HNO, (1-+1)

A Metal stock solutlons 100 mL.= 1000 pg of metal. Dissolve the listed
<weights of each metal.or compound &s specified in Table 4, then dilute to 100 mL
with. water. The metals. may require heat to increase rate of dissolution.
Commercially avallable gtandards may be used. Alternate salts or ox|des may also
be used.

ensure that the elements are compatible and stable.-

Notg 1—Mixed calibration standards. will vary, depending on the
number of elements being determined. Commercially prepared mixed
calibration standards of appropriate quality may be used. An example of
mixed calibration standards for 20 elements is as follows:

Mixed Standard Solution I Mixed Standard Solution. TL
Aluminum Manganese Barium
Antimony Molybdenum | Silver
Arsenic Nickel
Beryllium Selenium
Cadmium Thallium
Chromium Thorium
Cobalt Uranium
Copper Vanadium
Lead Zinc

Prepare multi-element mixed standard solutions I and II (1
mL = 10 pg) by pipeting 1.00 mL of each single element
stock solution (see Table 4) onto a 100 mL volumetric flask.
Add 50 mL of HNOQj; (1+99) and dilute to 100 mL with
HNO; (1+99).

8.13 Reagent Blank—This solution must contain all the
reagents and be the same volume as used in the processing of
the samples. Carry reagent blank through the complete
procedure. Reagent blank must contain the same acid
concentration in the final solution as the sample solution
used for analysis,

8.14 Internal Standards—Internal standards are recom-
mended in all analyses to correct for instrument drift and
physical interferences. A list of acceptable internal standards
is provided in Table 5. For full mass range scans use a
minimum of three internal standards with the use of five
suggested. Add internal standards to blanks, samples and
standards in a like manner. A concentration of 100 pg/L of
each internal standard is recommended.

9. Hazards

9.1 The toxicity or carcinogenicity of each reagent used in
this test method has not been precisely defined; however,
each chemical should be treated as a potential health hazard,
Adequate precautions should be taken to minimize exposure
of personnel to chemicals used in this test method, -

10. Sampling

10.1 Collect the samples in accordance with the applicable
standards, Practice D 1066, Specification D 1192, or Prac-
tices D 3370.

10.2 Preserve the samples at the time of collection by
immediately adding nitric acid (sp gr 1.42) to adjust the pH'
to 2. Normally, 2 mL of HNO; (sp gr 1.42) is required per

TABLE 5 iInternal Standards and Limitations of Use

Internal Standard Mass Possible Limitation
Lithium 6 May be present in samples
ScandiumA 45 Polyatomic ion interference
YttriumA a9 May be present in samples
Rhodium 103
IndiumA 115 Isabaric interference by Sn
Tarbium#4 159 ves
Hofmium 165
Lutetiumn 175 ven
BismuthA 209 May be present in sarmples

AInternal standards recommended. for use with this test method. It Is also
recommended when analyzing a new sample matrix that a scan for the presence.
of internal standards be performed. .

|
|
|
|
} 766.
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litre of sample. If only dissolved clements are to be deter-
mined, filter the sample through a 0.45-wm membrane filter
before acidification (see Note 2).

Note 2-—Depending on the manufacturer, some filters have been
found to be contaminated to various degrees with heavy metals. Care
should be exercised in selecting a source of these filters. A good practice
is to wash the fitters first with HNO, (1-+99) and then with 50 mlL of the
sample before filtering,

11. Calibration and Standardization

11.1 Calibrate the instrument for the elements chosen
over a suitable concentration range by atomizing the calibra-
tion blank and mixed standard solutions and recording their
concentrations and signal intensities. It is recommended that
a minimum of three standards and a blank be used for
calibration with one of the standards at three to five times
the elements” MDL., It is recommended that the calibration
blank and standards be matrix matched with the same acid
concentration contained in the samples. Analyze appropriate
reference solutions to validate the calibration of the instru-
ment before proceeding to the sample analysis.

12. Procedure

12.1 To determine: dlssolved elements, add | mL of
concentrated  HNO, (sp gr 1.42) to 100 mlL of filtered,
acid-preserved sample, Proceed with 12.3. -

12.2 When determining total-recoverable elements, use
100 mL of a well ' mixed, acid-preserved sample appropriate
for the expected level of elements contain'mg not more than
0.25 % (w/v)total solids.

12.2.1 “Fransferthesample to a 125 mL (or larger) beaker
or flask and add 2 mL of HNO; (1+1) and 1 mL HCI'(1+1)
and heat on a steam bath or hot plate until the volume has
been reduced to near 25 mL, making certain the sample does
not boil, Cool the sample, and if necessary, filter or let
insoluble material settle to.avoid clogging of the nebulizer.
Adjust to- original sample volume. To determine total-
recoverable elements, proceed with 12.3. This method is
suitable for the determination of silver in aqueous samples
containing, concentrations up to 0.1 mg/L. For the analysis
of samples containing higher concentrations of silver, suc-
ceeding smaller volume, well mixed sample aliquots must be:
prepared until the- analysis solution contains <0.1 mg/L
silver, IO SN AN

12.3 Atomize each solutlon and record mgnal’s intensity
or calculated concentration for each mass of interest, At-
omize a ringe blank consastmg of HNO;, (1+49) in water
between samples. y

12.4 Minimum quahty control requirements for this
method inclide: initial demonstration of method perfor-
mance, monitoring of internal standard area counts in each
sample (area of internal standard should be within 60-125 %
of area in calibration blank), analysis of one reagent blank
with each set of samples as continuing check on sample
contamination, analysis of a quality control sample with
each set of samples as:a continuing check on method
reference sample recovery, and analysis of calibration check
standard every ten analyses as a continuing check on
calibration curve (measured values should not exceed £10 %
of concentration). -

12.4.1 Demonstrate initial, and continuing, method per-

767

formance every six months by digesting seven spiked reagent
water samples at two through five times estimated detection
limit to determine method detection limits (MDL).

12.4.2 Determine detection limits annually or whenever a
significant change in background or instrument response is
expected.

MOL = (1) X () ..
where: ‘
¢t = students’ ¢ value for a 99 % confidence level and with
n—1 degrees of freedom (¢ = 3.14 for seven replicates),
and
s = standard deviation of the replicate analyses.

13. Calculation

13.1 Elemental equations recommended for sample data
calculations are listed in Table 6.

13.2 Reagent blanks should be subtracted as appropriate
(see 9.13) from the samples. This subtraction is particularly
important for digested samples requiring large quantities of
acids to complete the digestion (see Note 3),

TABLE 6 Recommended Elemental Equations for Data

Calculation

Element Elemental Equation” Note
Al (1.000) (27C)
sb (1.000) (*21¢) s
As (1.000) (75C) — (3.127) [(77C) — (0.815) (82C)] a
Ba (1.000) (97C) s
Be {1.000) (2C) e
cd (1.000) (111C) — (1.073) [(*98C) — (0.712) (95C)) c
Cr (1.000) (520) b

Co (1.000) (#°C)
Cu {1.000) (820} .
Pb (1.000) (295C) + (1.000) (Z97C) + (1.000) (295C) £
Ma (1.000) (85C)

Mo (1.000) (#C) — (0.146) (*C) S
N {1.000) (2°C) .
Se {1.000) (82C) @
Ag {1.000) (197C) .
T {1.000) (205C)

Th {1.000) (22¢)

u {1.000) (228C) ..
v {1.000) (5C) — (3.127) [(%C) — (0.113) (62C)] H
Zn {1.000) (55C) e
Kr {1.000) (22

Pd {1.000) (105)

Ru {1.000) (22

sn (1.000) (118) .
Bi {1.000) (29C) !
in {1.000) (115C) — (0.016) (**8C) . J
Sc {1.0000) (*5C) K
Th {1.000) (*52C) o
Y {1.000) (22C) \ '

A C = calibration blank subtracted counts at specified mass.

8 Carrection for chloride interference with adjustment for 8e77, ArCl 756/77
ratio may be determined from the reagent blank.

€ Gorrection for MoO interference. An additionat isobaric elemental carrection.
should be made if palladium is present.

Dn 0.4 % vjv HCI, the background from CIOH will normally be small. However
the contribution may be estimated from the reagent blank.

E Allowance for isotopic variability of lead isotopes.

F Isobaric elemental correction for ruthenium.,

@ Some argon supplies contain krypton as an impurity. Selenium is comrected
for Kr82 by background subtraction.

H Correction for chloride interference with adjustment for Cr53. CIO 51/63 ratio
may be determined from the reagent blank.

! May be present in environmental samples.

< Isabaric elemental correction for tin.

K Polyatomic ion interference.
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Element Applicable Range Bias Overall Precision Single Analyst Precision
Antimony 2.80 to 100 X =0.999C + 0.04 8, = 0.013X + 0.61 8, =0.022X + 0.20
. Arsenic 8.00 to 200 X =1.013C + 0.50 8, = 0.031X + 2.74 8, = 0.007X + 2.95
Barium 8.01 to 200 X =1.001C — 0.38 8§, =0.039X + 0.31 8, = 0.024X + 0.25
Berylium 2.80 to 100 X =1.056C + 0.32 8, = 0.067X + 0.55 '8, = 0.038X + 0.11
Cadmium 4,00 to 100 X =1.007C + 0.07 8§, =0.041X + 0.19 8, = 0.022X + 0.10
Chromium 8.00 to 200 X=1.017C + 0.62 8, = 0.066X + 0.48 8, = 0.026X + 1.25
Cobalt 0.80 to 101 X=0877C + 0.01 8, = 0.28X + 0.06 8, = 0.027X + 0.02
Copper 4.01 to 100 X =1.003C — 0.05 8, = 0.037X + 0.64 8, = 0.016X + 0.51
Lead 4.00 to 100 X =1.043C - 0.31 S5, = 0.064X + 1.43 8, =342
Manganese " 8.00 to 200 X =0.983C + 0.02 8, = 0.026X + 0.1 8, = 0.027X + 0.06
" Molybdenum. 2.80 to 100 X =1.012C + 0.20 8,=0.032X + 0.22 8, = 0.021X + 0.09
Nickel 4.00 to 100 X =1.000C + 0.12 =0.051X + 0.31 8, = 0.017X + 040
Seleniurmn 32.00 to 200 X =1.036C — 0.06 8, = 0.061X + 3.24 8, = 0.061X — 0.64
Silver 0.80 to 200 X=0917C + 0.26 = 0.196X + 0.09 8, =0.053X + 0.08
Thallium 2.80 to 100 X =0.984C + 0.08 8y = 0.035X + 0.09 S, = 0.027X + 0.13
Thorium 0.80 to 100 X=1.0913+0.08 8, =0.036X + 0.13 8, = 0.025X + 0.07
Uranium 0.80 to 100 X =1.026C - 0.02 8; = 0.048X + 0.02 5, =0.027X + 0.05
Zinc 8.00 to 200 X =1.042C + 0.87 =0,041X + 2.60 5, =0.030X + 1.42
TABLE 8 Regression Equations for Bias and Precision, pg/L, Drinking Water
Element Apphcable Range Bias Overall Precision Single Analyst Precision
Antimony 2,80 to 100 X'=0.983C + 0.03 8, = 0.049X + 0.19 3, =0.026X + 0.08
Arsenic 8.00 to 200 X =0.893C + 0.57 S, = 0.018X + 2.55 8, =0.031X + 1.65
Barium 8.01 to 200 X = 0.995C ~ 037 = 0.045X + 0.97 8, = 0.040X + 0.72
Beryllium 2.80 to 100 X=1.055C + 020 . 8, = 0.057X + 0.28 8, =0.016X + 0.25
Cadmium 4.00 to 100 X =0.985C + 0.10 8, = 0.031X + 0.65 8, = 0.021X + 0.61
Chromium 8.00 to 200 X =0.990C + 1.45 S, =0.015X + 219 8, =218
Cobalt 0.80 to 101 X = 0.964C + 0.06 =0.19X +0.32 S, = 0.014X + 0.30
Copper 4,01 to 100 X = 0.976C — 0.38 S, 0.063X + 0.86 8, = 0.029X + 0.86
Lead 4.00 to 100 =1.0382C - 0.30 = 0.015X + 1.06 S, =0.011X + 1.13
Molybdenum 2.80 to 100 . X =1.013C + 0.07 =0.037X + 017 8, =0.035X + 0.20
Nickel 4.00t0 100 X =0.953C — 0.19 8, = 0.046X + 0.56 8, =0.023X + 0.91
Selenium 32,00 to 200 X =1.022C + 0.14 = 0.056X + 2.10 5, = 0.040X + 2.15
Thalliurn 2.80 to 100 X=1.010C + 0.01 S, = 0.040X + 0.21 S, = 0.039X + 0.02
Uranium " 0.801t0 100 X =11.026C — 0.04 = 0.044X + 0.1 8, =0.022X + 0.07
Vanadium 32.00 to 200 X'=1.022C + 0.30 S, 0.023X + 1.45 S, = 0.023X + 1.38

Note 3—Reagent blank concentrations if the levels can influence the
sample results,

13.3 If dilutions were required, apply the appropriate
dilution factor to sample values,
13.4 Report results in the cahbrauon,concentratlon'umts.

14. Precision and Bias®

14.1 The precision and bias data for this test method are
based on a joint interlaboratory method validation study
conducted by the U.S. Environmental Protection Agency
and the Association of Official Analytical Chemists.®

14,2 The test design of the study meets the requirements
of Practice D 2777 for elements listed in this test method
with the following exceptions, Thorium in drinking water
and vanadium in ground and reagent water did not meet the

3 Supporting data are available from ASTM Headqutirters. Request RR:D19-
1157. s

4 Longbottom, J. E., et al., *Determination of Trace Elements in Water by
Inductively Coupled Plasma-Mass -Spectrometry: Collaborative Study,” Jourmzl of
A04C, Intematwnal 77 1994 pp 1004—1023

requirements of 10.3 in Practice D 2777 and are deleted in
the test method. In addition, the following elements did not
meet the requirements of 10,5 of Practice D 2777 for the:
concentration levels (in pg/L) tested: Aluminum in reagent
(8) and drinking water (12), antimony in ground water (2.0
and 100), manganese in ground (0.8 and 1.2) and drinking;
water (1.2), molybdenum in ground water (2.8), silver, in
ground (0.8 and 2.2) and drinking water (0.8 and 1,2), and.
zinc in drinking water (8).

14.2.1 The regression equations are based on the results of
13 laboratories for 20 elements tested at six levels, they are
ouflined in Tables 7, 8, and 9 for reagent water, drinking
water, and ground water, respectively.

14.2,2 Type I water was specified for this round robin,

14.2.3 These data may not apply to waters of other
matrices; therefore, it is the responsibility of the analyst to
ensure the validity of the test method in a particular matrix.

14.2.4 Tt is the user’s responsibility to ensure the validity
of precision and bias outside the joint interlaboratory
method validation study ranges.

15. Keywords
15.1 elements; mass spectrometry; water
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TABLE 9 Regression Equations for Bias and Precision, pg/L, Ground Water

Element Applicable Range Bias Overall Precision Single Analyst Precision
Aluminum 8.00 to 200 X = 0.946C + 2.20 8= 0.169X + 6.22 S, =0.172X + 0.75
Arsenic 8.00 to 200 X=10.949C + 091 S = 0.048X + 4,52 8, = 0.059X -+ 4.29
Barium 8.01 t0 200 X =1.065C — 0.21 8, = 0.020X + 2.05 8, = 0.014X + 2,08
Beryllium 2.80 to 100 X =1.049C + 0.08 8, =0.084X + 0.16 8, = 0.043X + 0.06
Cadmium 4.00 t0 100 X = 0.944C + 0.11 8, =0.017X + 1.09 8, = 0.029X + 0.01
Chromium 8.00 to 200 X =1.026C -+ 0.89 8, = 0.067X + 0,68 8, = 0.068x —~ 0.37
Cobalt 0.80 to 101 X =0.989C — 0.01 8¢ = 0.057X + 0.09 S, = 0.012X + 0.40
Copper 4.01 t0 100 © X=04877¢-0.0 8= 0.073X + 0.92 8, = 0.077X + 0.35
Lead 4.00 to 100 ©X=1.012C + 0.15 8; = 0.048X + 1.27 8,=1.78 :
Nicke! 4.00 to 100 X =1.022C — 0.66 85, =0.091X + 2,03 3, =0.008X + 2.75
Selenium 32.00 to 200 X =1.045C — 0.83 5, =0.037X + 2.97 8, =0.058X + 1,02
Thallium 2.80 to 100 X = 1.023C - 0.06 §; = 0.066X + 0.04 S, = 0.049X — 0.06
Thorium 0.80 to 100 X =1.019C — 0.03 8, = 0.041X + 0.13 8o = 0.027X + 0.04
Uraniurm 0.80 to 100 X =1.058C — 0.06 8; = 0.039X + 0.17 8, =0.028X + 0.16
Zinc 8.00 to 200 . X =.0.962C.+ 0.07 8, = 0.093X + 0.92 8, = 0.069X + 1.55

X1.1 The following regression expressions in Table X1.1
are based on the measured values, X, S, and S, that were
derived from ‘data of the joint interlaboratory method
validation study conducted by the U.S. Environmental

APPENDIX

(Nonmandatory Information)

X1. PRECISION AND BIAS

Chemists,® some of which do not meet the requirements of
10.5 of Practice D 2777, as noted in 14.2 of this test method
and were therefore are not included in Tables 7 through 9 in

Protection Agency and the Association of Official Analytical

this test method,

"T‘ABLE X1.1 Regression Equations for Bias and Precision, pg/L

Element Applicable Range Bias Overall Precision Single Analyst Precislon

o L . Reagent Water

Alurninum (8.00-200) X =0.992C + 1.19- 8, = 0.056X + 2.59 8, = 0.042X + 1.27
Drinking Water

Aluminum (8.00-200) X =0.954C +2.38 8 =770 ‘ 8, = 0.013X + 6.17

Manganese -(8.00-200) X =0.989C +0.10 8, = 0.047X + 0.2¢ 8, = 0.021X + 0.40

Silver (0.80-200) X =0.888C + 0.09 8, =0.186X + 0.17 S, =0.164X + 0.18

Zinc. {8.00-200) - X=0.943C + 2.54 8, = 0.048X + 5.27 S, = 0.004X + 5.66
o = Ground Water

Antirmony - (2:80-100)° - X =1.003C + 0.01 8; = 0.059X + 0.04 8, = 0.068X + 0.02

Manganese (8.00=200) . : X=0.954C — 0.16 8, =0.103X + 0.14 S, = 0.025X + 0,09

Molybdenum . . (2.80-100) X =1.032C - 0.09 8, = 0.55X + 0.43 - 8, = 0.042X + 0.27

Gilver ' (0.80-200) X = 0.858C — 0.00 8, = 0.169X + 0.14 S, = 0.120X — 0.01

Tha American. Sociaty for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection

_patent rights, and the risk of infringement of such rights, are entirely their own responsibility.
[ A o

with any item mentioned in this. standard, Users of this standard are expressly advised that determination of the validity of any such-

This standard is subject to revision at any time by the responsible technical commiltee and must be reviewed every five years and
. If not revised, either reapproved or withdrawn. Your comrents are invited either for revision of this standard or for additional standards
- and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsibie
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technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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anV) Designation: D 5865 — 98a

Standard Test Method for

Gross Calorific Value of Coal and Coke?

This standard is issued under the fixed designation D 5865; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method pertains to the determination of the
gross calorific value of coal and coke by either an isoperibol or
adiabatic bomb calorimeter.

1.2 The values stated in SI units are regarded as the
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Specific hazard
statements are given in Section 8.

2. Referenced Documents

2.1 ASTM Standards:

D 121 Terminology of Coal and Coke?

D 346 Practice 'for Collection and Preparatlon of Coke
Samples for Laboratory Analysis

D 388 Classification ‘of Coals by Rank?

D 1193 Specification for Reagent Water®

D 2013 Method of Preparing Coal Samples for Analysis?

D 3173 Test Method for Moisture in the Ana1y51s Sample of
Coal and Coke?

D 3177 Test Method for Total Sulfur in the Analysis Sample
of Coal and Coke?

D 3180 Practice for Calculating Coal and Coke Analyses
from As-Determined to Different Bases?

D 4239 Test Method for Sulfur in the Analysis Sample of
Coal and Coke Using High Temperature Tube Furnace
Combustion Methods* ‘

D 5142 Test Methods for the Proximate Analysis of the
Analysis Sample of Coal and Coke by Instrumental
Procedures?

E 1 Specification for ASTM Thermometers*

E 144 Practice for Safe Use of Oxygen Combustion
Bombs®

"

! This document is under the jurisdiction of ASTM Committee D-5 on Coal and
Coke and is the direct responsibility of Subcommittee DU5.21 on Methods of
Analysis.

Current edition approved Nov. 10, 1999, Published April 1999. Qriginally
published as D 5865 — 95, Last previous edition D 5865 — 98,

2 Annual Book of ASTM Siandards, Vol 05.05.

 Annual Book of ASTM Siandards, Yol 11.01.

* Annual Book af ASTM Standards, Vol 14.03.

% Annual Book of ASTM Siandards, Vol 14,04,
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E 178 Practice for Dealing with Outlying Observations®

3. Terminology

3.1 Definitions:

3.1.1 calorific value—the heat produced by combustion of a
unit quantity of a substance under speciﬁed conditions.

3.1.2 calorimeter—a device for measuring calorific value
consisting of a bomb, its contents, a vessel for holdmgr the
bomb, temperature measuring devices, ignition leads, water,
stirrer, and a jacket maintained at specified temperature con-
ditions.

3.1.3 adiabatic calorimeter—a calorimeter which has a
jacket temperature adjusted to follow the calorimeter tempera-
fure so as to maintain zero thermal head. »

314 zsoperzbol calorimeter—a calorimeter which has a
jacket of uniform and constant temperature.

3.1.5 gross calorific value (gross heat of combustion at
constant volume), Q. (gross)—the heat produced by complete
combustion of a substance at constant volume with all water
formed condensed to a liquid.

3.1.6 heat of formation—thé change in heat content result-
ing from the formation of 1 mole of a substance from its
elements at constant pressure.

3.1.7 net calorific value (net heat of combustion at constant
pressure), Oy (net)—the heat produced by ¢onibustion of a
substance at a constant pressute of 0.1 MPa (1 atm), with any
water formed remaining as vapor.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 corrected temperature rise—the calorimeter tempera-
ture change caused by the process that occurs inside the bomb
corrected for various effects. .

3.2.2 heat capacity-—the energy required to raise the tem-
perature of the calorimeter one afbitrary unit.

Note 1—The heat capacity can also be referred to as the energy
equivalent or water equivalent of the calorimeter.

4, Summary of Test Method

4.1 The heat capacity of the calorimeter is determined by
burning a specified mass of benzoic acid in oxygen. A
comparable amount of the analysis sample is burned under the
same conditions in the calorimeter. The calorific value of the
analysis sample is computed by multiplying the corrected
temperature rise, adjusted for extraneous heat effects, by the

© Annual Book of ASTM Standards, Vol 14,02,
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heat capacity and dividing by the mass of the sample.

5. Significance and Use

5.1 The gross calorific value can be used to compute the
total calorific content of the quantity of coal or coke repre-
sented by the sample for payment purposes. ‘

5.2 The gross calorific value can be used for computing the
calorific value versus sulfur content to determine whether the
coal meets regulatory requirements for industrial fuels.

5.3 The gross calorific value can be used to evaluate Lhe
effectiveness of beneficiation processes.

5.4 The gross calorific value can be required to classify
coals according to Classification D 388.

6. Apparatus and Facilities

6.1 Test Area—An area free from drafts, shleldcd from
direct sunlight and other radiation sources. Thermostatic con-
trol of room temperature and controlled relative humjdity are
desirable.

6.2 Combustion Bomb—Constructed of materials Lhat are
not affected by the combustion process or the products formed
to introduce measurable heat input or alteration of end prod-:
ucts: The bomb shall be designed so that all liquid combustion
products can be completely recovered by washing the inner
surfaces. There shall be no gas leakage. The bomb shall be
capable of withstanding a hydrostatic pressure test to' 20 MPa
(3000 psig) at room temperature ‘without stressing any part
beyond its specified elastic limit.

6.3 Balance—A laboratory balance capable of welghmg the
analysis sample to the nearest 0.0001 g. The balance shall be
checked weekly, at a minimum, for accuracy.

6.4 Calorimeter Vessel—Made of metal with a tarmsh~
resistant coating, with all outer surfaces highly polished. Its
size shall be such that the bomb is completely immersed in
water during a determination. A stirrer shall be provided for:
uniform mixing -of the water. The immersed portion of the
stirrer shall be accessible to the outside through a coupler. of
low thermal . conductivity. The stirrer -speed shall remain
constant to minimize any temperature variations due to stirring.
Continuous stirring for 10 min shall not raise the calorimeter;
temperature. more -than, -0.01°C when starting with identical
temperatures in the calorimeter, test area and jacket. For
calorimeters. having a bucket it.can be a separate component or
integral component of the bomb. The vessel shall be of such
construction that the environment of the calorimeter’s entire
cuter .boundaries can be maintained at a tniform temperature.

6.5 Jacker—A container with the innér perimeter main-
tained ‘at -constant temperature +0.1°C (isoperibol). or at the
same ternperature =0.1°Cas the calorimeter vessel (adiabatic)
during the test. To minimize -convection, the: sides, top and-
bottom of the calorimeter vessel shall: not be more than 10 mm
from the inner surface of the jacket. Mechanical supports for
Llle miommeter vessel shall be of low.thermal conductwlty

6 Thermometers. . .7 . o

6 6 1 Automated Calorzmeiers—PIatmum resmtancc or lin-"
ear thermistor thermometers shall be ¢apable of measuring to-
the nearest 0.0001°C. Thetinometer cqllbrdtlon shall be trace-
able to a recognized certifying agency. - it C
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6.6.2 Manual Calorimeters:

6.6.2.1 Platinum resistance or linear thermistor thernom-
eters, shall be capable of measuring to the nearest 0.0001°C.
Thermometer calibration shall be traceable to a recognized
certifying agency.

6.6.2.2 Liquid-in-Glass Thermometers—Conforming to the
requirements for thermometers 36C, 116C, or 117C as pre-
scribed in Specification E 1. Thermometers 56C shall be
calibrated at intervals no larger than 2.0°C over the entire
graduated $cale. The maximum difference in correction be-
tween any two calibration points shall be no more than 0.02°C.
Thermometers 116C and 117C shall be

maximum difference in correction between any two calibration
paints shall not be more than 0.02°C.

6.6.2.3 Beckman  Differential Thermometer-——(Glass en-
closed scale, adjustable), having a range of approximately 6°C
in 0.01°C subdivisions reading upward and conforming to the
requirements for Thermométer 115C, as prescribed in Specifi-
cation E 1. The thermometer shall be calibrated at intervals no
larger than 1°C over the entire graduated scale. The maximum
difference in the corréction betweén any two calibration points
shall be less than 0.02°C. =~

6.6.2.4 Thermoimeter Accessories—A magnifier isrequired
for reading liquid-in-glass thermometers to one tenth of the

smallest scale division. The magnifier shall have a lens and’

holder designed so as to minimize errors as a result of parallax.

6.7 Sample Holder—An open crucible of platinum, quartz,
or base metal alloy. Before yse in the calorimeter, heat treat
base metal crucibles for,a minimum of 4 h at 500°C to ensure
the crucible surface is compleu,ly oxidized. Base metal alloy

crucibles are acceptable, if after three preliminary firings, the

weight does not change by more than 0.0001 g.

6.8 Ignition Fuse—Ignition fuse- of. 100-mm Ierigth and
0.16-mm (No. 34 B&S gage) diameter or smaller, Nickel-.

chromium alloy. (Chromel C) alloy, cotton thread, or iron wire
are acceptable. Platinum or palladium wire, 0.10-mm diameter
(No. 38 B&S gage), can be used provided constant ignition
energy is supplied. Use the same type and length (or mass) of

ignition fuse for calorific value determinations as used 1or_

standardization.
6.9 Ignition Circuit—A 6~ 1o 30-V altemcmng or direct
current is required for ignition purposes. A step-down trans-

former connected to an alternating current circuit, -capacitors,

or batteries can be, used. For manually operated calorimeters,

the ignition circuit switch shall be of the momentary double- -

contact type, normally open except when held closed by the
operator. An amuneter or pilot light can be used in tlie circuit to,
indicate when current-is flowing,

6.10 Controller—For automated calorimeters, Lapable of
charging the bomb; filling the calorimeter vessel; firing the
ignition circuit; recording calorimeter: temperatures before,
during, and after the test; recording the balance weights; and
carrying out all necessary corrections and calculations.

6.11 Crucible Liner—Quartz fiber or alundum for lining the
cruclble to prornote complete combustion of samples‘ that do

not burn completely during the determination of the calorlﬁc ,‘

'

value.

calibrated at intervals.
no larger than 0.5°C over the entire graduated scale. The
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7. Reagents

7.1 Reagent Water—Conforming to conductivity requite-
ments for Type Il of Specification D 1193 for preparation of
reagents and washing of the bomb interior.

7.2 Purity of Reagents—VUse reagent grade chemicals con-
forming to the specification of the Committee on Analytical
Reagents of the American Chemical Society in all tests.”

7.3 Benzoic Acid—Standard (CgHs;COOH —Pellets made
from benzoic acid available from the National Institute of
Standards and Technology (NIST) or benzoic acid calibrated
against NIST standard material. The calorific value of benzoic
acid, for use in the calibration calculations, shall be traceable to
a recognized certificate value.

7.4 Oxygen—Manufactured from liquid air, guaranteed to
be greater than 99.5 % pure, and free of combustible matter.
Oxygen made by the electrolytic process contains small
arnounts of hydrogen rendering it unfit unless purified by
passage over copper oxide at 500°C.

7.5 Titration Indicator—Methyl orange, methyl red, or
methyl purple for indicating the end point when titrating the
acid formed during combustion. The same indicator shall be
used for both calibration and calorific value determinations.

7.6 Standard Solution—Sodium carbonate (Na,COj) or
other suitable standard solution. Dissolve 3.76 g of sodium
carbonate, dried for 24 h at 105°C in water, and dilute to I L.
One millilitre of this solution is equivalent to 4.2 J (1.0 calorie)
in the acid titration.

8. Hazards

8.1 The following precautions are recommended for safe
calorimeter operation. Additional precautions are noted in
Practice E 144. Also consult the calorimeter equipment manu-
facturer’s installation and operating instructions before using
the calorimeter. o

8.1.1 The mass of sample and any combustion aid as well as
the pressure of the oxygen admitted to the bomb shall not
exceed the bomb manufacturer’s specifications.

8.1.2 Inspect the bomb parts carefully after each use.
Replace cracked or significantly worn parts. Replace O-rings
and valve seats in accordance with manufacturer’s instruction.
For more details, consult the manufacturer.

8.1.3 Equip the oxygen supply cylinder with an approved
type of safety device, such as a relief valve, in addition to the
needle valve and pressure gage used in regulating the oxygen
feed to the bomb. Valves, gages, and gaskets shall meet
industry safety codes. Suitable reducing valves and adapters
for 3- to 4-MPa (300- to 300-psig) discharge pressure can be
obtained from commercial sources of compressed gas equip-
ment. Check the pressure gage annually for accuracy or after
any accidental over pressutes that reach maximum gage
prassure. : '

8.1.4 During ignition of a sample, the operator shall not
extend any portion of the body over the calorimeter.

" Reagent Chemicals, American Chemical Society Specificarions, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Labaoratory
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, U.S., Pharmn¢opeial Convention, Inc. (USPC), Rockville,
MD.

\

S
v
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8.1.5 Do not fire the bomb if the bomb has been dropped or
turned over after loading.

8.1.6 Do not fire the bomb if there is evidence of gas
leakage when the bomb is submerged in the calorimeter vessel.

8.1.7 For manually operated calorimeters, the ignition
switch shall be depressed only long enough to fire the charge.

9, Sample

9.1 The analysis sample is the material pulverized to pass
250-pm (No. 60) sieve, prepared in accordance with either
Practice D 346 for coke or Method D 2013 for coal.

10. Determination of the Heat Capacity of the
Calorimeter

10.1 Sample—Weigh 0.8 to 1.2 g of benzoic acid into a
sample holder. Record sample weight to the néarest 0.0001 g.

10.2 Preparation of Bomb:

10.2.1 Rinse the bomb with water to wet internal seals and
suface areas of the bomb or precondition the calotimeter
according to the manufacturer’s instructions. Add 1.0 mL of
water to the bomb before assembly.

10.2.2 Connect a measured fuse in accordance with manu-
facturer’s guidelines.

10.2.3 Assemble the bomb. Admit oxygen to the bomb to a
consistent pressure of between 2 and 3 MPa (20 and 30 atm).
The same pressure is used for each heat capacity run. Control
oxygen flow to the bomb so as not to blow material from the
sample holder. If the pressure exceeds the specified pressure,
detach the filling connection and exhaust the bomb. Discard the
sample.

10.3 Preparation of Calorimeter:

10.3.1 Fil the calorimeter vessel with water at a tempera-
ture not more than 2°C below room temperature and place the
assembled bomb in the calorimeter.. Check that no oxygen
bubbles are leaking from the bomb. If there is evidence of
leakage, remove and exhaust the bomb. Discdrd the sample.

10.3.2 The mass of water used for each test run shall be M
+ 0.5 g where M is a fixed mass of water. Devices used to
supply the required mass of water on a volumetric basis shall
be adjusted when necessary to compensate for change in the
density of water with temperature.

10.3.3 With the calorimeter vessel positioned in the jacket
start the stirrers.

10.4 Temperature Observations Automated Culorimeters:

10.4.1 Stabilization—The calotimeter vessel’s ternpetature
shall remain stable over a period of 30 s before firing. The
stability shall be #=0.001°C for an adiabatic calorimeters and
+0.001°C/s or less for an isoperibal calorimeter.

10.4.2. Extrapolation Method—Fire the charge, record the
temperature tise. The test can be terminated when the observed
thermal curve matches a thermal curve which allows extrapo-
lation to a final temperature with a maximurm uncertainty of
*0.002°C.

10.4.3 Full Development Method—Fire the charge and
tecord the temperature rise until the temperature has stabilized
for a period of 30 s in accordance with the stability require-
ments specified in 10.4.1.

10.5 Temperature Observations Manual Calorimeters:

10.5.1 When using ASTM Thermometers 56C, estimate all
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readings to the nearest 0.002°C. When using ASTM Thermom-
eters 115C, 116C, or 117C, estimate readings to 0.001°C and
25-€} resistance thermometer readings to the nearest 0,0001 €).
Tap or vibrate mercury thermometers just before reading to
avoid errors caused by mercury sticking o the walls of the
capillary.

10.5.2 Allow 5 min for the temperature of the calorimeter
vessel to stabilize. Adjust the jacket temperature to match the
calorimeter vessel temperature within 0.01°C and maintain for
3 mmin,

10.5.3 Fire the charge. Record the time as ¢ and the
temperature as f,.

10.5.4 For adiabatic calorimeters adjust the jacket tempera-
ture to match that of the calorimeter vessel temperature during
the period of the rise. Keep the two temperatures as equal as
possible during the petiod of rapid rise. Adjust to within
0.01°C when approaching the final stabilization temperature.
Record subsequent readings at intervals no greater than 1 min
until three successive readings do not differ by more than

£0.001°C. Record the first reading after the rate of change has.

stabilized as the final temperature ¢, and the time of this reading .

as- ¢. For isoperibol calorimeters, when approaching the final

stabilization temperature, record readings until three succes- . .

sive readings do not differ by more than 0.001°C per min.
Record the first reading after the rate of change has stabilized
as the final temperature as £, and the time of this reading as ¢.

10.5.5 Open the calorimeter and remove the bomb. Release

the pressure at a uniform rate such that the operation will not
be less than 1 min. Opén the bomb and examine the bomb °

interior. Discard the test if unburned sample or sooLy deposits
are found.
10.6 Thermochemical Corrections (see Appendix X1);
10.6.1 Acid Correction (see X1.1)—One may use either the

titration (10.6.1.1) or calculated titration (10.6.1 2) procedure. |

for coal and coke samples.

10.6.1.1 Titration Method——Wash the interior. of the bomb |

with distilled water containing the titration indicator (see 7.5)

until the washings are free of acid and combine with the rinse .
of the capsule. Titrate the washings with the standard solutions

(see 7.6) using a titration indicator, or 2 pH ot millivolt meter.
The number of millilitres of standard NaQCO3 used in the
titration shall be taken as el.

10.6.1.2 Calculated Titration Method—Edch calorimeter
systemn shall be tested at several energy levels with benzoic
acid pellets weighing 0.8, 1.0, and 1.2 g. This range corre-
sponds to the optimum energy levels of 5000 through 8000
calories. Two runs shall be made at each weight. Plot millilitres
of titrant (y) versus temperature rise, degree C (x), for each
calibration and use linear regression to determine the formula
forthe line y = m (x) + b (see Fig. 1). The resulting formula for
a line is the equation for determining the calculated millilitres
of titrant (el). The calculated titrant = m (x) + b where m and
b have been determined by linear regression. The temperature
rise (x) for each test shall be plotted on the graph to determiine
the calculated acid correction (el) or determined from the
equation y = mx + b.

LT n : i
13
12
£
2 =
510
£
8 s
7 I
(]
7 8 9 10 " 12 13
Temparature Rise (°C)
FIG. 1 Titration Versus Temperature Rise
Example:
Sample Measured Temperature
wt, g Titration Rise ()
o). i
07643 78 7.7443
08104 70 . 82188
10392 11,0 10.5114
1.0506 10.3 10.6420
1.1539 105 11.6584
1.2562 130 12.6491
=mx)+b ' (6))

Using regression énalyms the above data yield the following
data: slope = 1.0826, mtercept = —1,1496, and the equiation
for the millilitres of titrant = y = 1.0826x — 1.1496,

With any given tumperaturc rise (%), the value y (el) may be .

determined. o o Lo

NOTE 2—m above 1ep1escnts the slope of the line, whexeas in other
references in this methiod m represents mass:

Note 3—-Regression analysis to determine the equauon for the millili-

tres of titrant (el) is to be done without forcmg the data through zero.

1062 Fuse Correction (see X1. 3)——Determme the fuse
correction using one of the two alternatives:

10.6.2.1 Measure the combined pieces of unburned ignition’
fuse and subtract from the original length to determing the fuse

consumed in fiting according to Eq 2.

e2=KX1I o))
where: :
e2 the correction for the heat of combustlon of the firing

fuse,

I = the length of fuse consumed durmg combustion,

K, =096 Jmm (0.23 cal/mm) for No. 34 B&S gage
Chromel C,

K, =113 Jmm (0 27 cal/mm) for No. 34 B&S gage 1ron B
wire, and - .

K, -= 0.00 J/mm for platmurn ar palladium wire provided

- the ig_nition energy is constant. )
or;

10.6.2.2 \Welgh the combmed pmus of unburned fuse and

subtragt from. the original weight to determine the weight in

309
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milligrams of the fuse consumed in firing (m). Remove any ball
of oxidized metal from the ends before weighing.

e2=K,Xm 3)
where: , o
€2 = the correction for the heat of combustion of the firing
m = ltﬂlhltsze\;vel ght in mg of fuse consumed dunnt’f combus-
K, = ggni/mg (1.4 cal/mg) for No. 34 B&S gage Chrometl
K, =1 5 J/mg (1.8 cal/mg) for No. 34 B&S gage iron wire,
K, = (2%10 J/mg for platinum or palladium wire provided

the ignition energy is constart.
When cotton thread is used, employ the correction in J
recommended by the instrument manufacturer.
10.7 Calculation of the Corrected Temperature Rise—
Compute the corrected temperature rise, ¢, as follows:
L=t +C,+C+ C,

t= (CH]

where:
¢

o

= corrected temperature rise, °C;

initial temperature reading at time of firing;

final temperature reading;

thermometer, emergent stem correction (sec Eq Al.4);
radiation correction (see Eq A1.2); and

= thermometer setting correction (see Eq A1.3).

107 I The temperature rise in isoperibol calorimeters re-
quire a radiation correction.

10.7.2 Beckman differential thermometers requite a settmg
correction and an emetgent stem correction.

10.7.3 Solid-stem ASTM Thermometers 56C do not require
emergent stem corrections if all tests are performed within the
same 5.5°C interval. If the operating temperature range is
beyond this limit, a differential emergent stem correction shall
be applied. .

10.8 Calculation of the Heat Capacity—Calculate the heat
capacity (E) of the calorimetet using the following equation:

~

@

1T}

Qp Qs

=[(H, X m) + el + 2]/t (5)

where: ‘

E = the calorimeter heat capacity, J/°C;

H, = heat of combustion of benzoic acid, as stated in the
certificate, J/g;

m = mass of benzoic acid, g

el = acid correction from 10.6.1 from either the titration
method (10.6.1.1) or the calculated titration
(10.6.1.2);

€2 = fuse correction from 10.6. 2, J; and

t = corrected temperature rise from 10.7,°C.

10.8.1 Using the procedures described in 10.1-10.8 com-
plete a total of ten acceptable test runs. An individual test shall
be rejected only if there is evidence of incomplete combustion,

10.8.2 The relative standard deviation of the heat capacity
of ten acceptable test runs shall:be 0.15 % or less of the average
energy equivalent. If after considering the possibility*of outli-
ers using criterion established in Practice E 178, this limit is
not met, one should review operation of the calotimeter for any
assignable cause which: should be corrected before repeating

510

the series. Table 1 summarizes a'series of heat capacity runs.
This table would be applicable regardless of the unit of
measute for the heat capacity.

11, Heaﬁ Capacity Checks

11.1 The heat capacity value shall be checked a minimum of
once a month, after changing any part of the calorimeter, or
after changing the oxygen supply. Two procedures are avail-
able for heat capacity check: Standard Method and Rolling
Average Method.

Note 4—Although it is only required to check the heat capacity once a
month, this may be inadequate. A more frequent check of heat capacity
values is recommended for laboratories making a large number of tests on
a daily basis. The frequency of the heat capacity check should be
deterthined to minimize the number of tests that would be affected by
undetected shift in the heat capacity values.

11,2 Swndard Method: '

11.2.1 A single new heat capacity test value shall not differ
from the existing heat capacity value by more than £0.17 %. If
this requirement is met, the existing heat cdpacity value is
acceptable, For examiple: existing heat capacity value is 2402
cal/°C. 2402 cal/°C X 0.0017 = 4.1 cal/°C. If single test value
is within 4.1 cal/°C of the 2402 cal/°C value, then the exnsung
heat capacity ‘value is still acceptable.

11.2.2 If the requirements given in-11.2.1 are not met, an
additional heat capacity test shall be run. The difference
between the two new heat capacity values shall not exceed
0.21 % of the existing heat capacity value. The average of the
two new heat capacity values shall not differ from.the existing
heat capacity value by more than *£0.13, %. If this requirement
is met, the existing heat capacity value is acceptable.

11.2.3 If the requirements given in 11.2.2 are not met, two
more heat capacity tests shall be run. The range of the four new
test values shall not exceed 0.33 % of the existing heat capacity
valite. The average of the four new heat capacity values shall
not- differ from the existing heat capacity vatue by more than
+0.08 %. If this requirement is met, the ex1stmg teat capacity
value is acceptable. Co ~

11.2.4 If the requirernents given in 11.2:3 are not met, a fifth
and sixth heat capacity test shall be run. The range of the six
new test values shall not exceed 0.42 % of the existing heat
capacity value, The average of the six new heat capacity values

TABLE 1 Heat Capacity Runs

Note—Variance = 82 = {Sum Colymn C ~ [(Sum Column B)%/10]y9 = 89.51.
Standard Deviation = s = /52 = 9.46.
Relative Standard Deviation = (s/Average) X 100 = 0.09 %.

. Colurnin A Golumn B
N?{;‘Eer Heat Capagity, Difference From (g;tlrr:: ;2 '
o, Jr°C Average )
1 10 257.7 +4.2 17.6
2 10 249.3 -4.2 17.6
3 10 270.2 +16.7 278.9°
4 10 253.5 0.0 0
§ 10 245.1 -8.4 70.6
6 10 249.3 4.2 17.6
7 10 240.9 —-12/8 158.8
8 10 266.0 {+12.8 ¢ 156.3
9 10 257.7 +4.2 17.6,
10 10 2461 -8.4 70.6
SUM ~0.2 805.6
AVERAGE E = 10 253.5
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shatl not differ from the existing heat capacity value by mare
than 0,08 %. If these requirements are met, do not change the
existing heat capacity value.

11.2.5 1If the requirements given in 11.2.4 are not met, four
more heat capacity tests shall be run. The range of the ten new
test values shall not exceed 0.50 % of the existing heat capacity
value. The average of the ten new heat capacity values shall not
differ from the existing heat capacity value by more than
+0.04 %. If this requirement is met, the existing heat capacity
valiie is acceptable.

11.2.6 If requirements given in 11.2.5 are not met, the
average value from the ten new test values shall be used to
determine a new heat capacity value provided the relative
standard deviation of the ten values does not exceed 0.15 %.

11.2.7 The summary of the numerical requirements at each
step in checking the heat capacity is given in Table 2.

11.3 Rolling Average Method:

11.3.1 Asingle new heat capacity value shall not differ from
the existing heat capacity value by more than *0.17 %,

11.3.2 Values that serve to confirm existing heat capacity
values will be included with the original 10 calibration tests
until a total of 20 tests are made. These tests will comprise a
database for calculating the mean heat capacity value provided

the relative standard deviation of the 20 values does not exceed-
0.15 %. Any new calibration check beyond the 20 tests will :

replace the oldest value in the heat capacity database of 20
tests. A maximum relative standard deviation of 0.15 % shall
be maintained for the heat capacity database of 20 tests. ‘

11.3.3 When using a rolling average, the heat capacity data
must be continually evaluated for four indications of out-of-
control conditions: first, seven consecutive results are higher
than the mean; second, seven consecutive results are lower
than the mean,; third, seven consecutive results are continually
increasing; and fourth, seven consecutive results are continu-
ally decreasing.

11.3.4 Out-0f~control trends indicate that the calorimeter
operation is suspect and causes should be identified. Whether

or not causes are identified, the calorimeter should be recali-

brated according to the procedure in Section 10.

12. Procedure for Coal and Coke Samples

12.1 Weigh 0.8 to 1.2 g of sample into a sample holder.
Record the weight to the nearest 0.0001 g (see 12.6.3).
12.2 Follow the procedures as described in 10.2-10.5 for

determination of heat capacity. The starting temperature for

determinations shall be within £0.5°C of that used in the
determination of the heat capacity. ‘

TABLE 2 Numerical Requirements

Number of Maximum Range Maximum Difference
Check Runs ((Enmax = Enminl/Ee) X 100 ((Epay — Eo)/Eg) X 100
-1 . v +0.47
-2 0.21 : v +0,13
4 0.33 +0.08
6 042 - +0.08
10 0.50 +0.04

E, Is the exlslmg heat capacny value.

Eymin I8 the minimum reading in group of heat capacity check runs, .,
Enmax 18 the maximum reading in a group of heat capacity check runs,
Enay Is the average of the group of heat  capagity check runs.

12.3 Carry out a moisture determination in accordance with
Test Method D 3173 or Test Methods D 5142 on a separate
portion of the analysis sample preferably on the same day but
not more than 24 h apart from the calorific value determination
so that reliable corrections to other bases can be made.

12.4 Conduct the sulfur analysis in accordance with Test
Methods D 3177 ot D 4239. From the weight % sulfur, calcu-
late the sulfur corrections (see X1.2):

e3=15521g X § X m(13.18 cal/g X S X m) 6)
.where:
¢3 = a correction for the difference between the heat of
formation of H,SO,4 from SO, with respect to the
formation of HNOQ,, J;
S = wt % sulfur in the sample; and
m = mass of sample from 12.1, g.

12.4.1 When ttration method is used (see 10.6.1.1), the
sulfur correction is
¢3=5518J/g X § X mor(13.18 cal/g X § X m) €))

12.4.2 When the calculated titration method is used (see
10.6.1.2), the sulfur correction is

€3 = 9451 J/g X 8§ X mor(22.57 callg X § X jn) * - ®)

12.5 For eight mesh. samples, analyze coals susceptible to
oxidation within 24 h of preparation.

12.6 Coal or coke that do not burn cornpletely can be treated
as follows:

12.6.1 Usea cruc1ble liner of the type recommended iné. 11.

12.6.2 Use a combustion aid such as benzoic-acid, ethylene
glycol, mineral oil or a gelatin capsule. A minimum of 0.4 g of
combustion aid shall be used. Record the weight to the nearest
0.0001 g. Calculate the correction for use of a combustion aid
using the following:

e4=Ha><ma’ ‘ ‘ )
where: .
e4d = COITCCI:IOII for use of a combusuon aid, .
Ha = heat of combustion of the combustwn aid I’g (cal/g),,
.. and
ma =, mass of combustion zud g

,12.6,3 Vary the mass of the sample to obtain good 1gmt1on ‘

and so that the total heat generated is the same as the heat
generated during calibration.

13. Calculations

. 13.1 Gross Calorific Value—Calculate the gross calorific
value Q,,, (gross) using the following equation:

Quaq (gr088) = [(1E,) — el — €2 — ¢3 — ed)m (10)

where: . o .

Queq (gross) = gross calarific value at constant volume as
determined, J/g (cal/g); ’

E, ) .= the heat capacity of the calorimeter, Je°C
(cal/°Cy; .

t = corrected temperature rise accordmg to
10,7, °C;

el = acid correction accordmg to 10. 6 1 I

2 = fuse cotrection according to 10.6.2, J;
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€3 = sulfur correction detérmined according to
) 12.4, J;
e4 = combustion aid correction determined ac-
cording to 12.7, J; and
m = mass of the sample, g.

13.1.1 See Appendix X1.2.3 for an example calculation.
13.2 Net Calorific Value—Calculate the net calorific value
QP (net) as follows:

0, (net) = Q,,, (gross) — 215.51/g X H,, an

or:
(@, (net),, = G, {gross) — 92.67 Btw/lb X H,,) (12)
where:
@, (net) = net calorific value, at constant pressure;

I

gross calorific value, at constant volume,
as-received basis; and

Q.- (2r0s8)

H, = total hydrogen, %, as-received basis, where
hydrogen includes hydrogen in the sample
moisture,

Example:

Calorific value as determined Q,,, (gross) = 31 420 J/g

Moisture, as determined M, = 2.13 wt %

Moisture, as received M, = 8.00 wt %

Hydrogen, as determined H,, = 5.00 wt %

Q,.r (gross) = Q.. (gross) X [(100 = M,)/(100 - M, )] =
31 420 J/g X [(100 — 8.00)/(100 - 2.13)] = 29 535 J/g

H, = [(H,;~0.1119 X M, )X {(100 — M, )(100 - M, »}]
+0.1119 M, = [(5.00 —0.1119 X 2.13) X {(100 = 8.00)/(100
= 2,13)}+ 0.1119 X 8.0 = 5.37

Q, (net) = 29535 J/g - (215.5 X 5.37) = 29 535 J/g - 1153
J/g = 28 388 J/g

14, Report

14.1 Report the calorific value as Q,,,, (gross) along with the
moisture of the sample as determined M,,, from 12.3.

14.2 The results of the calorific value can be reported in any
of a number of bases differing in the manner the moisture is
treated. Procedures for converting the value obtained on an
analysis sample to other bases are described in Practice
D 3180.

15. Precision and Bias

15.1 Manual Calorimeters:

15.1.1 Repeatability—The difference in absolute value be-
tween two test results calculated to a dry basis (Practice
D 3180) performed on two separate test portions of the same
analysis sample of 250-pm (No. 60) coal in the same labora-
tory, by the same operator, using the same equipment with the
same heat capacity value shall not exceed the repeatability
interval I(r) of 115 J/g (50 Btwlb) more than 5 % of such
paired values (95 % confidence level). When such a difference
is found to exceed the repeatability interval, there is reason to
question one or both of the test results.

15.1.2 Reproducibility—The difference in absolute value
between test results calculated to a dry basis (Practice D 3180)
performed in different laboratories on representative analysis
samples of 250-ym (No. 60) coal shall not exceed the repro-
ducibility interval I{r) of 250 J/g (100 Btw/1b) more than 5 % of
such paired values (95 % confidence level). When such a
difference is found to exceed the reproducibility interval there
is reason to question one or both of the test results.

15.1.3 Bias—Bias in the determination of the gross calorific
value is eliminated provided samples are treated identically to
the benzoic acid used in the determination of the calorimeter
heat capacity.

15.2 Automated Calorimeters:

15.2.1 Repeatability—The repeatability has not been deter-
mined. :

15.2.2 Reproducibility—The reproducibility has not been
determined.

15.2.3 Bias—Bias in the determination of the gross calorific
value is eliminated provided samples are treated identically to
the benzoic acid used in the determination of the calorimeter
heat capacity.

16. Keywords

16.1 adiabatic calorimeter; bomb calorimeters; calorific
value; calorimeter; coal; coke; isoperibol bomb calorimeter

ANNEX

(Mandatory Information)

Al. THERMOMETRIC CORRECTIONS

Al.l  Thermometer Corrections—The following correc-
tions shall be made:

Al1.1.1 Calibration Correction, shall-be made in accordance
with the calibration certificate furnished by the calibration
authority.

Al1.1.2 Radiation Corrections—Radiation corrections are
required to calculate heat loss or gain to the isoperibol water

512

jacket. They are based on the Dickinson formula® the
Regnault-Pfaundier formula,? or the U.S. Bureau of Mines
method.'® The same method of determining the radiation
correction shall be used consistently in the determination of

¥ Dickinson, H. C., Bulletin, U.S. Burcau of Standards, Vol, 11, 1951, p. 189.

® Pfaundler, L., Amialen der Physik (Leipzig), ANPYA, Vol. 129, 1966, p. 102.

W upMethods of Analyzing & Testing Coal and Coke” U1.S. Bureau of Mines
Bulletin 638, XMBUA, 1967, pp. 16-17.
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heat capacity and sample measurements.
Al1.1.2.1 Dickinson Formula:

Co=—rlX(b—a)—r2X (c—b) CALD
where:
C, = radiation correction;
rl = rate of rise in temperature per minute in the prelimi-
nary period;
r2 = rate of rise of temperature per minute in the final
period (if temperature is falling, r2 is negative;
ta = firing temperature;
t¢ = final temperature, being the first temperature after
which the rate of change is constant;
a = time at temperature tq, min;
b = lime at temperature fa +0.60 (ic — ta) min; and
¢ = time at temperature ¢, min.
Al.1.2.2 Regnault-Pfaundler Formula:
C.=nrl + kS (A1.2)
where:
C, = radiation correction,
n = number of minutes in the combustion period,
= (rl — r2)/ (=1, (AL3)
‘S=tn— 1+ (12 + thns (AL4)
¢t = average ternperature during the preliminary period,
" = average temperature during the final period,

—rl, r2 see AL.1.2.1,

successive temperature recorded during the
combustion period, at 1-min intervals, and

11, t2,...tn

tn— 1= (AL.5)

Al1.1.2.3 Bureau of Mines Method—A table of radiation
corrections can be established so that only the initial and finat
readings are required to determine the calorific value of a fuel.
This can be done by carrying out a series of tests using the
procedure described in Section 10, using the following condi-
tions. Regulate the amount of sample burned so that a series of
determinations is made in which different temperature rises are
obtained. For all determinations, keep the water jacket tem-
perature constant, fire the bomb at the same initial temperature,
and have the same time, ¢ — ¢, elapse (=2 8) between the initial
and final readings. Determine the radiation cortections for each
of the series of temperature rises using the Dickinson method
(see Al.1.2.1), or the Regnault-Pfaundler method (see
Al1.1.2.2). These corrections are constant for a given tempeéra-
ture rise. From the series of readings, a table or graph is plotted

sum of :1,12,83.. . tn~ 1

to show radiation correction versus terperature rise. Once the
table or graph is established, the radiation corrections can be
obtained from it until there is a major change in the equipment.

Al.1.3 Setting Correction

This is necessary for the Beckman thermometer. It shall be
made in accordance with the directions furnished by the
calibration authority.

Al.1.4 Differential Emergent Stem Correction
. The calculation of differential stem correction depends upon
the way the thermometer was calibrated and how it is used.
Two conditions are possible.

AL.1.4.1 Thermometers Calibrated in Total Immersion and
Used in Partial Immersion

This emergent stem correction is made as follows:

Ce=K{f~ i)(if+H—L—T) (ALS)
where: o
Ce = emergent stem correction,
K = 0.000 16 for thermometers calibrated in °C,
L = scale reading to which the thermometer was im-
mersed,
T = mean temperature of emergent stern,
i = initial temperature reading, and
¢ = final temperature reading.
Example:.

A thermometer was immersed to 16°C; its initial readmg, 1,
was 24.127°C; its final reading, #f, was 27.876; the mean
temperature of the emergent stem, 7, was 26°C.

Ce = 0.000 16 X (28 — 24) X (28 + 24 — 16 — 26) = 0.0064°C ~

(ALT)

Al.1.4.2 Thermometers Calibrated fcmd Used in Partial

Immersion, But at a Different Temperature Than the Calibrated
Temperature: ‘

- Ce=K(f = ti)(te ~ 10) (AL8)
where:
Ce = emergent stem’ correcﬂon, S
K =:0.000 16 for thermometers cahbrated m °C
ti - = initial temperature reading, -
i = final temperature reading,
to = observed stem temperature, and ‘
¢ = stem temperature at wluch the - thermometer was
cahbrated :
Example

A thermometer has an mmal readmg, n, 27°C; a final
reading, 4, 30°C; the observed stem temperature, to, 28°C; and
the calibration temperature, tc; 22°C.

Ce = 0000 16 X (30 = 27) X (28 = 22) = 0003°C (AL9)
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APPENDIX

(Nonmandatory Information)

X1. THERMOCHEMICAL CORRECTIONS

X1.1 Energy of Formation of Nitric Acid (HNO,):

X1.1.1 A correction, el, (10.6.1) is applied for the forma-
tion of nitric acid. ‘

X1.1.2 (1) HNQ, is formed in the calotimeter by the
following reaction:

112 Ny (g) + 5/404 (g) + 1/2H0 (D)

= HNO; (in 500 mol H,0)
X1.1)

X1.1.3 (2) the energy of formation of HNO ; in approxi-
mately 500 mol of water under bomb conditions is minus 59 0
kJ/mol (14.09 Kcal/mole).!!

X1.1.4 Normal convention assigns a negative value for a
heat of formation that is exothermic. By definition, heat
released from combustion processes are expressed as positive
values, Hence, the negative factors developed for nitric and
sulfuric acid corrections are expressed as positive values in the
calculations.

X1.1.5 A convenient concentration of NayCO 5 is 3.76-g
Na2C03/L which gives el = V where V is the volume of
Na,CO5 in millilitres. When H80, is produced during the
combustion of coal or coke, a part of the correction for H,80,
is present in the el correction. The remainder is in the €3
correction (see X1.2).

X1.2 Energy of Formation of Sulfuric Acid (H,S0,)—By
definition (see Terminology D 121), the gross calorific value is
obtained when the product of the combustion of sulfur in the
sample is S50,(g). However, in actual bomb combustion
processes, all the sulfur is found as H,;50, in the bhomb
washings.

X1.2.1 A correction e 3 is applied for the sulfur that is
converted to H,80,. This correction is based upon the energy
of formation of H,S0 4 in solutions, such as will be present in
the bomb at the end of a combustion from SO,. This energy is

taken as —303.0 kJ/mol.'?

X1.2.2 ‘When the bomb washmgs are titrated, a correction of
2 % 59.0 kJ/mole of sulfur is applied in the el correction so
that the additional correction that is necessary is the difference
in the heats of formation for nitric and sulfuric acid and this
correction is ~303.0 = (-2 times 59.0) = -185 kJ/mol,
or = —58 J/g (13.8 cal/g) of sulfur times the weight of sample
in grams times percent sulfur in sample.

X1.2.3 If a 1-g sample is burned, the resulting H ,S0,
condensed with water formed on the walls of the bomb will
have a ratio of about 15 mol of water to 1 mol of H,SO ,. For
this concentration, the energy of the reaction under the condi-
tions of the bomb process is =303 kJ/mole,

" Mott, R. A., and Parker, C., “Studies in Bomb Calorimetry [V—Corrections,”
Fuel, FUELB, Vol, 34, 1955, p. 303-316.
12 Caleulated from data in National Bureau of Standards Circular 500
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S0, (g) + 1/2 0, (g) + HyO (1) = H,80, (in 15 mol of H20)<x1 2

X1.2.4 The values above are based on a sample containing
approximately 5 % sulfur and approximately 5 % hydrogen.
The assumption is also made that the H,SO, is dissolved
entlrely in the water condensed during combustion of the
sample.'?

X1.2.5 For dlfferent sample weights or sulfur content, or
both, the resultant normality of acid formeéd can be different,
and therefore, the normality of titrant must be adjusted accord-
ingly. Basing the calculation upon a sample of comparatively
large sulfur content reduces the possible overall errors, be-
cause, for small percentages of sulfur, the correction is smaller.

X1.3 Fuse Correction—The energy required to melt a
platinum or palladium wire is constant for each experiment if
the same amount of platinum or palladium wire is used. As the
energy is small, its effect is essentially cancelled out in the
relationship between the standardization experiments and the
calorific value determinations, and it can be neglected.

X1.4 Reporting Results in Other Units:

X1.4.1 The gross calorific value can be expressed in joules
per gram, calories per gram, or British thermal units per pound.
The relationships between these units are given in the table
below:

1 Btu= 1055.06 J
1 calorie = 4.1888 J

1 Jig = 0.430 Biulb
1 Jfg = 0.239 calig
1 cal/g = 1.8 Btuflb

X1.5 Sample Calculations:

X1.5,1 Heat Capacity:
E =[(Hc X m)+el +e2)it
He =26435 /g,
m = 1.0047 g,
el = 43-J acid correction,
¢2 = 55-J fuse correction,
t = 2.6006°C,
= [(26 435 J/g X 1.0047 g) + 43 T + 55 J)/2. 6006°C, and
= 10250.4 J/°C

X1.6 Heat of Combustzon

Q,au (gross) = [( IE) - el - €2 - ¢3 -~ e4]/m,
E,=10250.4 J/°C;

t = 2417°C,

el = 77-J acid correction;
€2 = 52-J fuse correction;
€3 = 58 X 1.24 % X 0.7423 g, sulfur correction;

e4 = 46025 I/g X 0.2043 g, combustion aid correction;
m = 0.7423 g, mass of sample;

1

13 Mott, R. A., and Parker, C., “Studies in Bomb Calorimetry IX—Formation of
Sulfuric Acid,” Fuel, Fuel B, Yol 37, 1958, p. 371.
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Opau = [(10250.4 J/°C X 2.417°C) =77 T—52 J-53 Ceu = 20 464 /g,
T - 9403 J1/0.7423 g; and

The Américan Sociaty for Testing and Materials takes no position respecting the validity of any patent rights asserted in connaction
with any item mentioned in this, standard. Users of this standard are expressly advised that. determination of the valldliy of any such
patent rights, and the risk of infringernent of such rights, até entirely their own responslbil/!y

This standard is sub/ect to revision at any time by the responsible technical committee and must be reviewsd every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
dnd should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend..If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Comimittee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428. ; '
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QHI” Designation: D 611 — 82 (Reapproved 1998) .-
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THY INSTTUER
GFEETRGLIUN

Designation: 2/98

Standard Test I\limejtho,ds for

An Americen National Standard

Aniline Point and Mixed A“hiline Point of Petroleum Products

and Hydrocarbon, Solvents1

This standard is issued under the fixed designation D61, the number munedxately followmg the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an ed1tor1al change since the last Tevision or reapproval. ./

These test methods were adopted as a joint ASTM-IP starldézrd in 1964.

This standard has been approved for use by agencies of thef Department of Defense.

1. Scope

1.1 These test methods cover the determmatlon of the
aniline point of petroleum products and hydrocarbon solvents.
Method A is suitable for transparent samples with an initial
boiling point above room temperature and where the aniline
point is below the bubble point and above the solidification
point of the aniline-sample mixture. Method B, a thin-film
method, is suitable for samples too dark fordesting by:Method
A Methods- €, and D are for samples that:may vaporize
appreciably at the .aniline  point. Method D! is. particularly
suitable where only small quan‘unes of sample are available.
Method E describes a procediire using an automatic apparatus
su1table for the range covered by Methods A and B.

+. 1.2, These test methods alsoicover the determination of the
mixed' aniline pomt of- petroleum product's and hydro'cirbon
solvents hiavitigd
aniline will crystallize from the amhne" ‘gmple"nu t‘ur'e‘. i

1.3 Thi§ standard ‘does not "purport to address all of the
safety concerns, if any, ‘assoéiated with its use. Tt 15 the
responsibility of the usér.of this standard to establish appro-
priate safety and heéalth practices and determiné the -applica-
bility of regulatory limitations prior to use. Specific precau
tionary statermnents are given in Sections 7.1 and 7.3.

2. Referenced Documents

2.1 ASTM Standards? ‘ o

D 1015 Test Method for Freezmg Pomts of I-ngh~Pur1ty
Hydrocarbons? AR ‘

D 1217 Test Méthod for Density and Relatiye Denslty
(Specific Gravity) of Liquids by Bingham Pycnometer?

D 1218 Test Method for Refractive Index and Refracnve‘
Dlspersmn of Hydrocarbon L1qu1ds R

! These test methods are under the Junsdmuon of ASTM Commntee D2od’

Petroleun Products and Lubncantsand are the dl.tect responmblhty of DOZ Odon

Hydrocarbon Analysis.

Current edition ‘approVed Alig. 27, 1983, Pubhshed Taiuary 198 0ngmally ‘ _“'“"—

published as D 611 — 41 T. Last previoustedition D611 %77, ~ = " 740
2 Annual Book of ASTM Standards, Vol 05.01,

Caopyright @ ASTM, 100 Barr Harbor Drive, West Gonshohocken, PA 19428-2069, United States,

254

D 1500 Test Method for ASTM Color of Petroleum Prod-
ucts (ASTM Color Scale)?

D 2700 Test Method for Knock Characteristics of Motor
and Aviation Fuels by the Motor Method®

E 1 'Specification for ASTM Thermometers*

"3, Terminology

3.1 Definitions: T

3.1.1 aniline poznt—the minimum equlhbnum solut;on
temperature for equal voﬁumes of aniline and sa.mple ’

'3.1.2 mixed aniline pozm‘—the ininimum equilibrium solu-
tion temperature of a mixture of two volumes of aniline, one
volume of sample, and oné volume of n~heptane of spec1ﬁecl
purlty ‘ ‘

4 Summary of Test Methods ’

" 4.1 Specified volumes of amlme and sample, o amlme and
sample plus n-heptane, are placed in a tube and mixed
mechanically. The mixture is hedted at a controlled rate until
the two phases become miscible. The mixture is then cooled at
a-controlled rate and the femperature’ at’ which- two- phases
separate is recorded-as the aniline point ot:mixed atiiline point.

5. Sigmﬂcance and Use o

5.1 The. aniline pomt (or m1xecl aniline pomt) is useful as:an
aid in the characterization of pure hydrocarbons and in the
analysis of hydrocarbon mixtures. Aromatic hydrocarbons
exhibit the lowest, and: ‘paraffins the h1ghest values, Cyclopar-
affing and olefing exhlbxt values that lie ‘between those for

' paraﬁins and aromatics. In homologous series the aniline
‘pomts mcrease wlth, mcreasmg molecular weight. Although it

in ¢ttief physical prop-
nethods for hydrocmbon analysis, the

L aniline. pbmt ismost often used to provide: an estimate of the

aromatlc hydrocarbon content of m1xtures
R 1 S ERNIV RS [ PSRN ¥

- : g ,

3 Annual Book of ASTM Standards, Vol 05 04,
4Annual Book of ASTM Standards, Vol 14,03.
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6. Apparatus

6.1 For details of the aniline point apparatus required for
each method see:

Annex Al for Method A
Annex A2 for Method B
Annex A3 for Methed C
Annex A4 for Methad D
Annex AS for Method E

Nore 1-—Alternative apparatus may be used, such as the U-tube

method for dark oils, provided it has been shown to give results of the
same precision and accuracy as those described in the Annexes.

6.2 Heating and Cooling Bath—A suitable air bath, a
nonvolatile, transparent liquid bath, or an infrared lamp (250 to
375 W), provided with means for controlling the rate of
heating.

Note 2—Water should not be used as either a heating or cooling
medium since aniline is hygroscopic and moist aniline will give erroneous
test results. For example, the aniline point of the n-heptane reagent as
measured with aniline containing 0.1 volume % water is approximately
0.5°C (0.9°F) higher than that measured with dry aniline, If the aniline
point is below the dew point of the atmosphere, pass a slow stream of dry
inert gas into the aniline point tube to blanket the aniline-sample mixture,

6.3 Thermometers, having the following ranges and con-
forming to the requirements of the designated ASTM or [P

specification:
ASTM

Range (Specification E 1) 1P
-38 to + 42°C (~36.5 to + 107.5°F) 33C, 33F 20C
25 to 105°C (77 to 221°F) 34C, 34F 21C
90 to 170°C (194 to 338°F) 35C, 36F 59C

6.4 Pipets, with capacities of 10 £ 0.04 mL, 5 = 0,02 mL,
the latter equipped with a long, fine tip. Provide a rubber
suction bulb for use with pipets when measuring aniline.

6.5 Balance—A laboratory balance sensitive to 0.01 g,
‘suitable for weighing the tube and sample when the sample
cannot be pipetted conveniently.

6.6 Safety Goggles.

6.7 Plastic Gloves, impervious to aniline.

7. Reagents

7.1 Aniline (Warning—See Note 3.) Dry chemically pure
aniline over potassium hydroxide pellets, decant, and distill
fresh on the day of use, discarding the first and last 10 %.
Aniline thus prepared when tested with n-heptane according to
Section 9 shall give an aniline point of 69.3 * 0.2°C (156.7 *

taken to avold contamination from atmospheric moisture (Note 2), It is
believed that under these conditions the aniline will remain unchanged for
a period exceeding 6 months.

7.2 Calcium Sulfate, anhydrous.
7.3 n-Heptane (Warning—See Note 7), conforming to the
requirements listed in Table 1.°

Note 7—Warning: Flammable. Harmful if inhaled. See Annex A6.1.

8. Sample

8.1 Dry the sample by shaking vigorously for 3 to 5 min
with about 10 volume % of a suitable drying agent such as
anhydrous calcium sulfate or anhydrous sodium sulfate. Re-
duce. the viscosity of viscous samples by warming to a
temperature below that which would cause the loss of light
ends or the dehydration of the drying agent. Remove any
suspended drying agent by use of a centrifuge or by filtration,
Heat samples containing separated wax until they are homo-
geneous and keep heated during filtration or centrifugation to
ensure against separation of wax. When suspended water is
visibly present and the sample material is known to dissolve
less than 0.03 mass % of water, the use of a centrifuge for the
removal of suspended water is an acceptable procedure.

9. Procedure for Aniline Point

9.1 The following methods, to be used as applicable, are
covered as follows: ‘

9.1.1 Method A, described in detail in Annex Al, is appli-
cable to clear samples or to samples not darker than No. 6.5
ASTM color, as determined by Test Method D 1500, having
initial boiling points well above the expected aniline point.

9.1.2 Method B, described in detail in Annex A2, is appli-
cable to light-colored samples, moderately dark samples, and
to very dark samples. It is suitable for samples that are too dark
to be tested by Method A.’

9.1.3 Method C, described in detail in Annex A3, is appli-
cable to clear samples or to samples not darker than No. 6.5
ASTM color, as determined by Test Method D 1500, having
initial boiling points sufficiently low as to give incorrect aniline

~ point readings by Method A, for example, aviation gasoline.

0.4°F) as determined from the average of two independent tests

having a difference of not more than 0.1°C (0.2°F),

Nore 3—Warning: Aniline should not be pipetted directly by mouth
because of its extreme toxicity, Aniline is also toxic by absorption through
the skin even in very small quantities, and should be handled with great
caution,

Note 4-—For routine purposes the distillation process is not mandatory
provided the aniline meets the requirements of the test with #-heptane,

Note 5—The aniline point of aniline and »n-heptane determined with
automatic apparatus (Method E) shall be 69.3 =% 0.2°C (156.7°F % 0,4°F)
when corrected in accordance with the equation in Section A5.2.1

Note 6—As an alternative to distilling the aniline on the day of use, the
aniline may be distilled as described in 7.1, collecting the distillate in
ampoules, sealing the ampoules under vacuum or dry nitrogen, and staring
in a cool dark place for future use. In either case, rigid precaution must be
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9.1.4 Method D, described in detail in Annex A4, is appli-
cable to the same type of sample as Method C. It is particularly
useful when only limited quantities of sample are available.

* These requirements for n-heptane are identical, except for tetraethyl lead, with
those prescribed in the 1987 Annual Book of ASTM Standards, Vol 05.04.

TABLE 1 Requirements for n-Heptane

ASTM
Methad
ASTM Motor Qctane Number 0.0 = 0.2 D 2700
Density at 20°C, g/mL 0.68380 = 0.00015 D217
Refractive index, 1529°¢ 1.38770 = 0.00015 D 1218
Freezing paint, °C =90.710 min D 1018
Distillation, 50 % recoverad at 98,427 £ 0.025 A
1.013 bar (760 mm Hg), °C '
Differential, 80 % recovered minus ~ 0.020 max

20 % recovered, °C

AFor squipment and method used, see Journal of Research, Natianal [nstitute of
Standards and Technology, Vol 44, No.. 8, 1950, pp. 309 and 310 (RP2079).
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19.1.5"Method E “is applicable ‘when using automatic appa-
titus i accordatice with the instructions in-Annex AS.

10. Procedure for Mixed Aniline Pomt

«i10.1 . This procediite is apphcable to samples having, amlme
points below the temperature at'which aniline-crystallizes from
tl}e mixture, Plpet 10 mL of aniline, (Warmng. See. Note 3), 5

ml, of ‘sample, and 5 ml, 6f n-héptane ‘mnto 4 clean, dry
apparatus. Determine the aniline point of the mixturg by,
Method A.or. B as described in Annex Al or Annex A2.

‘

i1, Report™ - S

11 1 If 'the’ range of three successwe observatrons of the
amlme pomt temperatur‘ ‘not greater than 0.15C (O 2°F) for
llght—colored samples 2°C (0 4°F) for dark samples, Teport
the average temperature of these observatlons, corrected for
thermometer calrbratron errors, to the nearest 0, 05°C (0.1°F) as
the amlme pornt o

11 2, If. such a range 1s not obtamed after ﬁve observauons,
repeat the test usmg fresh quantrtres of amlme and sample in 4
clean, dry apparatus, and if consecutrve temperature observa-
tions show a progresswe change, or if the range of observatrons
is greater than the repeatab111ty glven in'12.1, report fhe method
as being inapplicable. PRI

12.

oy S [

Precisioniand Bias -
,12.1 The, precision of these test methads as obtained by
stat1st1ca1 exammauon of mter.\ boratory test results is as

, 1‘1 obtamed by the same
inder constant operatmg

Al.l Apparatus

A1.1.1 The apparatus shown in Fig. Al.1 shall consist of the
followmg

ALLIA Test Tube, approxrmate]y 25 mm in dlameter and
150 mm in length, made of heat-resistant glass.

Al.1.1.2 Jacket, approximately:-37 to 42.mm in diameter
afid 175 mifi in 1&tigthi; thade of hieat-resistant glass. '

Al11.1.3 Stirrer, manually operated, metal, approxrmately 2
mm m diameter (14 B&Sigage) metal wire as shown.in Fig,
AlLLVA concen& c ting shall be at the bottor, ‘haying a
diameter of approximately 19 mm. The length’ of the. stirrer to
a right-angle bend: shall. be approximately 200 - mm. ‘The
right-angle bend shall be approx1mate1y 55 mmn lorig. A glass
sleeve approx1mate1y 65 mm m 1ength of 3 -mm 1ns1de dlameter

device for operatmg the stirrer as spe01ﬁed is an approved
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the normal and correct operation of the test method, exceed the
following values only in one case in twenty: ‘
Repeatabilly, .

Aniline point of;

Clear, light-colored samples 0.16°C (0.3°F)

Moderately dark to very dark samples 0.3°C (0.6°F)4
Mixed aniline point of;

Cloar, light-colored samples 0.16°C (0.3°F)"

Modarately dark to very dark samples 0.3°C (0.6°F)“

ANt détsrrined from recent eooperatlve tosts; however, the ratlos with those
given in the 1953 version are belleved ta agply, ©

12:1.2 Reproducibility—The difference between two smgle
and mdependent results, obtained by. different.operaters, work-
ing in different laboratories on identical test material, would in
the long run, in the normal and correct operatlon of the test
method, exceed the following values only in one case in
twenty: "

" 12,2 Bias—A statement of bias is now bemg developed by
the. subcommittee. . .
' Heproduoibillty

Anlllne polnt of
Clear, I|ght»co|ored samples
Moderately dark to very dark samples
Mixed aniline point of:
Cleaf, Ilght-co[ored sampleg
Maderately dark to very dark samples

* 10.5C (0.9°F)
1.0°C (1.8°F)* |

L 07°C (13
1.0°C (1:8°F)4:

ANot determined from recent cooperative tests; hawever, the ratios with those
given in the 1953 version are believed to apply.

12.3-The precision of this test was nét obtained it accor-
dance with Committee D-2 Research Report RRD02 1007,
“Manual on Determining Precision Data for ASTM Methods
on Petroleum Products and Lubncants

13. Keywords o ‘
+13,1" amhne pomt aromatrcs, rmxed ahiline pomt

Lo wom oo IR
N i \ B ain GO Ve

'ANNEXES
b . ‘ (Mandatory Information)

Al. METHOD A

altemauve for the manual operatron P e

Tt RN IGAE BT

A12Procedure ST

Al2d Clean and dry Ci apparatus Prpet 10 mL of amlme
(Warning— see 7.1) and 10 ml of the dried sample (8.1) into
thi¢ test tube fitted with stirret and thermometer If the matetial
is too. v1scous for prpettmg, weigh to the ‘niéarest 001 ga
quantlty of the safriple correspondmg to 10 mL at room
temperature. Center the thermometer in the test tube so that the
immersion mark is at the 11qu1d level, making sure. that the
therthometer bulb does not touch the side of the tiibe. Center
{he test tube'in the jacket tube. Stir the mixture 'rapidly‘ usifig 4
50 mm (2-in.) stroke, av01dmg thie introduction of air bubbles

Al 2.2 If the amlme-sample rmxture is not m1sc;1ble atfoom
temperature apply heat directly to, the jacket tube 50, that the
temperature rises at a rate of 1 to:3°C (2 to’ 5°F)/mm by
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N

All Dimensions
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FIG. A1.1 Aniline Point Apparatus (Method A)

removing or reducing the heat source until complete miscibility
i3 obtained. Continue stirring and allow the mixture to cool at
a rate of 0.5 to 1.0°C (1.0 to 1.8°F)/min. Continue cooling to

a temperature of 1 to 2°C (2.0 to 3.5°F) below the first

appearance of turbidity, and record as the aniline point the
temperature at which the mixture suddenly becomes cloudy
throughout (Note Al.1). This temperature, and not the tem-

perature of separation of small amounts of material, is the

minimum equilibrium solution temperature.

Note Al.1—The true aniline point is characterized by a turbidity that
is 6 cloudy as to obscure the thermometer bulb in reflected light.

A1.2.3 If the aniline-sample mixture is completely miscible
at room temperature, substitute a non-aqueous cooling bath for
the heating source, allow to cool at the rate specified in A1.2.2
and determine the aniline point as described.

Al.2.4 Repeat the observation of aniline point temperature
by heating and cooling repeatedly until a report as directed in
Section 11 can be made.

A2. METHOD B

A2.1 Apparatus

A2.1.1 Thin-Film Apparatus, made of heat-resistant glass
and stainless steel, conforming to the dimensions given in Fig.
A2.1, A suggested assembly is shown in Fig. A2.2, :

A2.2 Procedure

A22.1 Clean and dry the apparatus. Pipet 10 mL of aniline
(Warning— see Note 3) and 10 mL of the dried sample (8.1)
into the tube fitted with pump-stirrer and thermometer. If the

material is too viscous for pipetting, weigh to the nearest 0.01 .

g a quantity of sample corresponding to 10 mL at room
temperature. Place the thermometer in the tube so that the
contraction chamber is below the liquid level and so that the
mercury bulb does not touch the side of the tube. Assemble the
apparatus as shown in Fig. A2.2. ‘ '

A222 Adjust the speed of the pump to produce a continu-
ous stream of the oil-aniline mixture in the form of a thin film
flowing over the light well. With extremely dark oils, operate
the pump slowly and lower it so that the delivery tube nearly
touches the top of the light well, so as to obtain a continuous
film thin enough to permit observation of the aniline point.
Adjust the voltage on the lamp until just enough light is given
for the filament to be visible through the film. Raise the
temperature of the mixture at a rate of 1 to 2°C (2.0 to
3.5°F)/min until the aniline point hag just been passed, as
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denoted by a definite, sudden brightening of the lamp filament,
and by the disappearance of the more or less opalescent
condition of the film (Note A2.1). Discontinue heating and
adjust the lamp voltage so that the filament appears clear and
distinct but not uncomfortably bright to the eye. Adjust the
temperature of the bath so that the sample-aniline mixture
cools at a rate of 0.5 to 1.0°C (1.0 to 1.8°F)/min and note the
appearance of the film and light filament. Record as the aniline
point the temperature at which a second phase appears as
evidenced by the reappearance of the opalescent condition of
the film (usually causing a halo to appear around the lamp
filament) or by a sudden dimming of the lamp filament, or both,
At temperatures above the aniline point the edges of the light
filament appear clear and distinct, At the aniline point tempera-

ture a halo or haze forms around the filament, replacing the

distinct lines of the filament edge with lines that appeéar cloudy
or hazy in appearance. Further darkening of the cloud over the
filament occurs at-lower temperature, but is not to be confused
with the aniline point.

Note A2.1-For those making the test for the first time, the following
procedure may be helpful: Make preliminary operational adjustments and
tests using a colorless sample-aniline mixture, and observing changes
taking place in the body of the liquid and film, Make rough tests with dark
oils to become familiar with the appearance of the film and light source as
the mixture passes from the clear state above the aniline point, to the
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sample, using various. intensities of hght and paymg pamcular atténtion-to
the appearange of the-light:in the immediate vicinity of the lamp filament:
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A3. METHOD C

A3.1 Apparatus

A3.1.1 Aniline-Point Tube, of heat—res1stant glass, of the
shape and dimensions shown in Fig. A3.1, and fitted internally
with a thin-walled glass thermometer tube, sealed at the lower
end, The latter tube accommodates a tight-fitting cork stopper
carrying the thermometer, the bulb of which rests on a cork
ring or disk placed at the bottom of the tube; the tube contains
sufficient light transformer oil to cover the bulb of the

]
N

N

D

rr
L

- 14 Dla.

/

ke 9 D,

3

Y1

blama
Thin-walled
L1 Thermomater Tube ; FIII
With Light Tmn-formor ail
éo]govu Thermometer
ulb,

|~ Thermomotér
50 L 2u2.5 Thick

|~ Aniline Point Tube

[™~—Cork Ring
JqU
* All Dimensiors
In Millimetars
22 Dia,~» - ’

FIG. A3.1 Apparatus for Volatlle Samples (Method G)

thermometer. The inner tube is held in the top of the aniline-
point tube by a tightly fitting stopper, and a clamp is provided
to hold the stopper in position to prevent loss of vapor from the
sample.

Note A3.1—Any other suitable arraigement, such as a screwed plastic
gland carrying the thermometer, that will prevent the loss of vapor from
the apparatus, may be used. In such cases it may be possible to omit the
thermometer tube and immerse the thermometer bulb in the aniline-
sample mixture.

A3.1.2 Guard, of stout metal gauze and surrounding the
aniline point tube. It should preferably be combined with the
clamp for holding the thermometer tube in place.

A3.2 Procedure

A3.2.1 Clean and dry the apparatus. Pipet 5 mL of aniline
(Note A3.2 Precaution see Note 3) and 5 mL of the dried
sample (8.1), both cooled to a temperature at which the sample
may be measured without loss of vapor. Close the tube by
means of the stopper and fit the thermometer tube centrally so
that the bottom is 5 mm from the bottom of the aniline point
tube. Clamp the stopper in position and attach the guard.

Note A3.2—Precautioi1: Put on goggles of safety glass and plastic
gloves impervious to aniline. '

" A3.2.2 Follow the procedure described in A1.2.2 and A1,2.3

-but mix the sample and aniline by shaking the tube, If the rate

of change of temperature is greater than 1°C (2°F)/min when
the aniline point is being approached, place the tube in a jacket
that has previously been warmed or cooled to an appropriate
temperature,

A3.2.3 Repeat the observation of aniline point by heating
and cooling repeatedly unt11 4 repoit as d1rected in Section 11
can be made.

A4, METHOD D

Ad.1 Apparatus
A4.1.1 Bulb, 1.5 to 2.0-mL capacity, blown from heat-
resistant glass tubing, 5 mm in extemal diameter and 3.mm jn

internal diameter, ‘
A4.1.2 Guard, as for Method C.

A4.2 Procedure

10 mm from the center of the bbulb

Note A4 1——Precaution Put on goggles . of safcty glass and plastic
gloves nmpervxous to amlme

A42.2 Attach the bulb to the thermometer by rubber bands

so that the bulb is adjacent to the thermometer bulb. Attach the

A4.2.1 Dry the bulb thoroughly in.an oven at 105 =+ 5°C .

allow it to cool to room temperature, and charge it by means of
the pipets with 0.5 mL of aniline (Warning— see Note 3) and
0.5 mL of the dried sample (8.1). Cool the mixture thoroughly
and rapidly draw out and seal the open end of the bulb at about
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mesh guard and follow the procedure described in A1.2.2 and
A1.2.3 but mix the sample and aniline by shaking.

A4.2.3 Repeat the observation of aniline point temperature
by heating and cooling repeatedly until a report as directed in
Section 11 can be made.
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AS. METHOD.E

A5 Apparatus o . oo patos morte samples with aniline points in each of the ranges 43 to,

CASTT Adtowiatic Aniling Pomt Apparatus, connnerc1a11y 49:C (110 to 120:F)’ 60 to 66°C (140 to, 150°F ), and 77 to
available, using ‘' Modified thin"film - technigiie and direct ~ 82°C Qo to 180°F). Calcylate the constants A and B by the
heating of the sample-aniline mixture with electrical immer-  least squares method by sunultaneous solutlon of the followmg
sion heater. Detection. of change of semple turbidity at the equat1ons‘ L LT ey

aniline.point is by response of a photoelectric cell to collimated . : o ( ) =“1yA + -B):(Xa) P ,(Aé,g)
hght d1rected through the thm ﬁlm of sample o ‘. . = E(X aXc) AE(XG) + BE( YRR IR
A52 Procedure B where: e
" A5.2:1 Détermine thié automati¢ aniline point in'accordarice ~ 2(Xa) = sum of all aniline pomt data by automatic
with' ifistructiofi§ prov1ded w1th the apparatus Correct the apparatus,
aniline point 4 follows:” . 2(X,) = sum of all aniline pomt data by elther Method
. AorB,
Corrected aniline point = (X, = A)¥B L(AS'I‘) 3(X2) = sumof ‘the squares of all driiline pomt data by
where: . : R, . either Method' A‘or B, ..
X, . = automatlc amlme pomt and L (XX, = sum of the products of aniline points deter-
Aand B = constants, determined for .each, apparatus a8 mined by either Methiod A or B and by using
. descrlbed inAS5.2.2 S the automatic apparatusx for each sample, and
o N = number of samiples. ' .

" Noti AS.1—It ‘has stabhshed by cooperatlve tests that observed
aniliné points deftermined by sotné aiitomaticappacatus aré lower than the Note AS.2—Cooperative data wére obtamed from five laboratories for
deterniiriationg by :Méthods Aiaiid B; The“differerice is greater-for  five samples with aniline point§ in the farige from. 34 to 87°C (93 to
automatlc appa_ratus when relatlvely hlgh Sample Coolmg rates are used 188°F), Coristants A and B Were Ca]cu].ated for the Cdmposlte data as 0.79
a_nd jricredses as f_he a_nlhne pomt increases. and 0,991 reSpGCtlvely Although 4 mlnlmum numbel' of nine samples i3

specified in this method, constants A and B in, the ipreceding equation may

A35.2. 2 Determme the anllme pomt by e]ther Method Aor e obtained with a slightly greater precision if dafa for a Jargér number of
Method B and also usmg the automauc apparatus for three or.  samples are used. A .

Ny .o o

. 4 o . d . " . y
il . ' X . Lol S

" A6, PRECAUTIONARY STATEMENT

Ceakie

A6.1 n-Heptane Use with adequa en,tilation ’
Warning-—FPlamiable. Harmful if mhaled Lo Avoid prolonged breathmg of vapor or.spray mist.
Keep away from heat, sparks, and open ﬂame. : Avoid prolenged orrepeatedskin contact.” . . " .

Keep container closed.

The American Sociely for Testing and Materials takas no position respecting the validity of any patent rights asserted in connaction
with any ltem mentloned in this standard. Users of this standard are expressly advised that determination of the validity of any such
palent rights, and the rlsk_of lnlr/ngement o{ such rights, arg entlre/y their own responsibillty.

G ey
Vo

. This standard is subject to ravision at any Hme by the respanslbls technjcal.commitiee ang, must be reviewed every five yearsand .

" if nof revisetl, 6ither: Yeapprovat oF withidrawn; Yot comments are invitéd aither Tfor revrsron 2} Adféird or for additionsl standards
and should be addressed to ASTM Headquarters: Your comments will récBive‘caraiii consideration 4t & migeting of the responsrble
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your . .

e vlews known to 1he‘ASTM Commitles on, Standards, 100 Barr Harbor Drive, West Conshohocken, FA 1 9428 Lo .

" 8
[N

y ;! Thls standard is copyrighted by ASTM 1 00 Barr Harbor Drive, West Conshiohocken, PA 19428-2059, United States. Individual .. .. . v .
repnnts (airigle of multiple coples) of Ihis standard may Bo'obtained by contacting ASTM at the above adaress or af 610-832- 9585
(phona), 610:852:9565 (fax); or service@astm.otg. (e-mail); or through ‘the ASTM' webslre (http:/fwvw.astm. org).x o
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45“,) Designation: D 6216 — 98

Standard Practice for

An American National Standard

Opacity Monitor Manufacturers to Certif y Conformance with
DeS|gn and Performance Speclflcatlons

This standard is issued under the fixed designation D 6216; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers the procedure for certifying con-
tinuous opacity monitors. It includes design and performance
specifications, test procedures, and quality assurance require-
ments to ensure that continuous opacity monitors meet mini-
mum design and calibration tequirements, necessary in part,
for accurate opacity moritoring measurements in regulatory
environmental opacity monitoring applications subject to 10 %
or higher opacity standards.

1.2 This practice applies specifically to the original manu-
facturer, or to those involved in the repair, remanufacture, or
resale of opacity monitors.

L.3 Test procedures that specifically apply to the various
equipment configurations of component equipment that com-
prise either a transmissometer, an opacity monitor, or complete
opacity monitoring system are detailed in this practice.

1.4 The specifications and test procedures contained in this
practice exceed that of the United States Environmental
Protection Agency (USEPA). For each opacity monitor or
monitoring system that the manufacturer demonstrates con-
formance to this practice, the manufacturer may issue a
certificate that states that that opacity monitor or monitoring
system conforms with all of the applicable design and perfor:
mance requirements of 40 CFR 60, Appendix B, Performance
Specification 1 except those for which tests are required after
installation.

2, Referenced Documents

2.1 ASTM Standards:

D 1356 Terminology Relating to Sampling and Analysis of
Atmospheres?

2.2 U.S. Environmental Protection Agency Document: 3

40 CFR 60 Appendix B, Performance Specification 1

2.3 Other Documents:

ISO/DIS 9004 Quality Management and Quality System
Elements-Gmdehnes“

! This practice is under the jurisdiction of ASTM Committee D-22 on Sampling
and Analysis of Atmospheres and is the direct responsibility of Subcommittee
D22.03 on Ambient Atmospheres and Source Emissions.

Current edition approved Féb. 10, 1998. Published April 1998.

2 Annual Book of ASTM Standards, Vol 11.03.

* Available from Superintendent of Documents, U.S. Government Printing
Office, Washington, DC 20402.

“ Available from American National Standards Institute, 11 W, 42nd St., 13th
floor, New York, NY 10036.

Copyright ® ASTM, 100 Barr Harbior Drive, Wast Conshahacker, PA 19428-2950, United States,
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ANSI/NCSL Z 540-1-1994 Calibration Laboratories and
Measuring Equipment - General Requirements*
NIST 260-116 - Filter calibration procedures”

3. Terminology

3.1 For terminology relevant to this practice, see Terminol-
ogy D 1356,
3.2 Definitions of Terms Specific to This Standard:

Analyzer Equipment

3.2.1 opacity, n—measurement of the degree to which
particulate emissions reduce (due to absorption, reflection, and
scattering) the intensity of transmitted photopic light and
obscure the view of an object through ambient air, an effluent
gas stream, or an optical medium, of a given pathlength.

3.2.1.1 Discussion—OQOpacity (Op), expressed as a percent,
is related to transmitted light, (T) through the equation:

Op = (1-T) (100). 6

3.2.2 opacity monitor, n—an instrument that continuously
determines the opacity of emissions released to the atmo-
sphere.

3.2.2.1 Discussior—An opacity monitor includes a trans-
missometer that determines the in-sity opacity, a means to
correct opacity measuréments to equivalent single-pass opacity
values that would be observed at the pathlength of the emission
outlet, and all other interface and peripheral equipment neces-
sary for continuous operation.

3.2.2.2 Discussion—An opacity monitor may include the
following: ( 1) sample interface equipment such as filters and
purge air blowers to protect the instrument and minimize
contamination of exposed optical surfaces, (2) shutters or other
devices to provide protection duting power outages or failure
of the sample interface, and ( 3) a remote control unit to
facilitate monitoring the output of the instrument, initiation of
zero and upscale calibration checks, or control of other
capacity monitor functions.-

3.2.3 opacity monitor model, n—a specific transmissometer
or opacity mionitor configuration identified by the specific
measurement system design, including: (1) the use of specific
light source, detector(s), lenses, mirrors, and other optical
components, (2) the physical arrangement of optical and other

3 Available from National Institute of Standards and Technology, Gaithersburg,
MDD 20899.
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principal components, (3) the specific electronics configuration
and signal processing appreach, ( 4) the specific calibration
check mechanisms and drift/dust compensation devices and
approaches, and (5) the specific software version and data
processing algorithms, as implemented in a particular manu-
facturing process, at a particular facility and subject to an
identifiable quality assurance system.

3.2.3.1 Discussion—Changing the retro-reflector material
or the size of the retro-reflector aperture is not considered to be
a model change unless it changes the basic attributes of the
optical system.

3.2.4 opacity monitoring system, n—the entire set of equip-
ment necessary. to monitor continucusly the in-stack opacity,
average the emission measurement data, and permanently
record monitoring results.

3.2.4.1 Discussion——An opacity monitoring system includes
at least one opacity monitor with all of its associated interface
and peripheral equipment and the specific data recording
system (including software) employed by the end user. An
opacity monitoring system may include multiple opacity moni-
tors and a common datd acquisition and recording system. .

3.2.5 optical density (OD), n—a logarithmic measure of the
amount of incident light attenuated.

3.2.5.1 Discussion—OD is related to transmittance and
opacity as follows:
OD = log, (U/T) = ~log, (T) = —log,, (1—-Op),
where Op is expressed as a fraction.

3.2.6 transmittance, n—the fraction of incident light within
a specified optical region that passes through an optical
medivm, , ) .

3.2.7 transmissometer, n—an instrument that passes light
through a particulate-laden effluent stream and measures in situ
thie opticdl transmittance of that light within a specified
wavelength region.

3.2.7.1 Discussion—Single-pass transmissometers consist
of a light source and detector components mounted on opposite
ends of the measurement path, Double-pass instruments consist
of a transceiver (including both light source and detector
components) and a reflector mounted on opposite ends of the
measurement path.,

3.2.7.2 Discussion—For the purposes of this practice, the
transmissormeter includes the following mechanisms (1) means
to verify the optical alignment of the components and (2)
simulated zero and upscale calibration devices to check cali-
bratjon drifts when the instrument is installed on a stack or
duct.

. 3.2.1.3 Discussion—Transmissometers are sometimes re-
ferred to as opacity analyzers when they are configured to
measure opacity.

2

Analyzer‘ Zero Adjustments and Devices

3.2.8 dust compensation, n—a method or procedure for
systematically adjusting the output of a transmissometer to
account for reduction in transmitted light reaching the detector
(apparent increase in opacity) that is specifically due to the
accumulation of dust (that is, particulate matter) om the
exposed optical surfaces of the transmissometer.

3,2.8.1 Discussion—The dust compensation is determined

relative to the previous occasion when the exposed optics were
cleaned and the dust compensation was reset to zero. The
determination of dust accumulation on surfaces exposed to the
effluent must be limited to only those surfaces through which
the light beam passes under normal opacity measurement and
the simulated zero device or equivalent mechanism necessary
for the dust compensation measurement. y

3.2.8.2 Discussion—The dust accumulation for all of the
optical surfaces included in the dust compensation method
must actually be measured. Unlike zero drift, which may be
either positive or negative, dust compensation can only reduce
the apparent opacity. A dust compensation procedure can
correct for specific bias and provide measurement fesults
equivalent to the clean window condition. ‘

3.2.8.3 Discussion—The opacity monitor must provide a
means to display the level of dust compensation. Regulatory
requirements may impose a limit on the amount of dust
compensation that can be applied and require that an alarm be
activated when the limit is reached.

3.2.9 external zero device, n—an external device for check-
ing the zero alignment of the transmissometer by simulating
the zero opacity condition for a specific installed opacity
monitor.

3.2.10 simulated zero device, n—an automated mechanisim
within the transmissometer that produces a simulated clear path
condition or low level opacity condition. ,

3.2.10.1 Discussion—The simulated zero device is used to
check zero drift daily or more frequently and whenever
necessary (for example, after corrective actions or repairs) to
assess opacity monitor petformance while the instrument is
installed on the stack or duct.

3.2.10.2 Discussion—The proper response to the simulated
zero device is established under clear path conditions while the
transmissometer is optically aligned at the installation path-
length and accurately calibrated. The simulated zero device is
then the surrogate, clear path calibration value, while the
opacity monitor is in service. .

3.2.10.3 Discussion—Simulated zero checks do not neces-
sarily assess the optical alignment, the reflector status (for
double-pass systems), or the dust contamination level on all
optical surfaces. (See also 6.9.1.)

3.2.11 zero alignment, n—the process of establishing the
quantitative relationship between the simulated zero device and
the actual clear path opacity responses of a transmissometer.

3.2.12 zero compensation, n—an automatic adjustment of
the transmissometer to achieve the correct response to ‘the
simulated zero device. ‘

3.2.12.1 Discussion—The zero compensation adjustment is
fundarmental to the transmissometer design and may be inher-
ent to its operation (for example, continuous adjustment based
on comparison to. reference values/conditions, use of automatic
control mechanisms, rapid comparisons with simulated zero
and upscale calibration drift check values, and so forth) or it
may occur each time a calibration check cycle (zero and
upscale calibration drift check) is performed by applying either
analog or digital adjustments within the transmissometer. .

3.2.12.2 Discussion—For opacity monitors that do not dis-

- tinguish between zero compensation and dust compensation,
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the -accumulated zero compensation may be designated as the
dust compensation. Regulatory requirements may impose a
limit on the amount of dust compensation that can be applied
and. require that an alarm be activated wher the limit is
reached.

3.2.13 zero drift, n—ithe difference between the opacity
monitor response to the simulated zero device and its nominal
value (reported as percent opacity) after a period of normal
continuous operation during which no maintenance, repairs, or
external adjustments to the opacity monitor took place,

3.2.13.1 Discussion—Zero drift may occur due to changes
in the light source, changes in the detector, variations due to
internal scattering, changes in electronic components, or vary-
ing environmental conditions such as temperature, voltage or
other external factors. Depending on the design of the trans-
missorneter, particulate matter (that is, dust) deposited on
optical surfaces may contribute to zero dr1ft Zero drift may be
positive or negative.

Calibrations and Adjustments

3.2.14 attenuator, n—a glass or grid filter that reduces the
transmittance of light.

3.2.15 calibration drift, n—the difference between the opac-
ity monitor response to the upscale calibration device and its
nominal valué after a period of normal continuous operation
during which no maintenance, repairs, or external adjustments
to the opacity monitor took place.

3.2.15.1 Discussion—Calibration drift may be determined
after determining and correcting for zero drift. For opacity
monitors that include automatic zero compensation or dust
compensation features, calibration drift may be determined
after zero drift or dust compensation, or both, are applied.

3.2.16 calibration error, n—the sum of the absolute value
of the mean differerice and confiderice coéfficient for the
opacity values indicated by an optically aligned opacity thoni-
tor (laboratory test) or opacity monitoring system (field test) as
compared to the khiown values of three calibration attenuators
under clear path conditions.

3.2.16.1 Discussion—The calibration error indicates the
fundamental calibration status of the opacity.

3.2.17 external adjustment, n—either (I) a physical adjust-
ment to a component of the opacity monitoring system that
affects its response or its performance, or (2) an adjustment
applied by the data acquisition system (for example, math-
ematical adjustment to compensate for drift) which is external
to the transmissometer and control unit, if applicable.

3.2.17.1 Discussion—External adjustinents are made at the
election of the end wuser but may be subject to various
regulatory requirements.

3.2.18 intrinsic adjustment, n—an automatic and essential
feature of an .opacity monitor-that provides for the internal
control of specific components or adjustment of the opacity
monitor response in a manner consistent with the manufactur-
er’s design of the. instrument and its'intended operation.

3.2.18.1 Discussion—Examples of intrinsic adjustments in-
clude automatic gain control used to maintain.signal ampli-
tudes constant with respect to some teference value, or the
technique of ratioing the measurement and reference beams in
dual beam systems. Intrinsic adjustments are either non-
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elective or are configured according to factory recommended
procedures; they are not subject to change from time to time at
the discretion. of the end user.

3.2.19 upscale calibration device, n—an automated mecha—
nism (employing a filter or reduced reflectance device) within
the transmissometer- that produces an upscale opacity value.

3.2.19.1 Discussion—The upscale calibration device is used
to check the upscale drift of the measurement system. It may be
used .in conjunction with the simulated zero device (for
example, filter superimposed on simulated zero reflector) or a
parallel fashion (for example, zero and upscale (reduced
reflectance) devices applied to the light beam sequentially),
(See also 6.9.2.)

Opacity Monitor Location Characteristics

3.2.20 installation pathlength, n—the installation flange-to-
flange separation distance between the transceiver and reflector
for a double-pass transmissometer or between the transmitter
and receiver for a single-pass transmissometer.

3.2.21 monitoring pathlength, n—the effective single pass
depth of effluent between the receiver and the transmitter of a
single-pass: transmissonieter, or between the transceiver and
teflector of a double-pass transmissometer at the installation
location.

3.2.22 emission outlet pathlength, n—ithe physical path-
length (single pass depth of effluent) at the location where
emissions are released to the atmosphere.

3.2.22.1 Discussion—For circular stacks, the emission out-
let pathlength is the internal diameter at the stack exit. For
non-circular outlets, the emission outlet pathlength is the
hydraulic diameter. For rectangular stacks:

= (2LWI(L + W), 3
where L is the length of the outlet and W is the width of the
stack exit.

3.2.23 pathlength correction factor (PLCF), n—the ratio of
the emission outlet pathlength to the monitoring pathlength.

3.2.23.1 Discussion—The PLCF is used to calculate the
equivalent single pass opacity that would be observed at the
stack exit,

3.2.23.2 Discussion—A number of similar terms are found
in the literature, manufacturer operating manuals, and in
common usage, OPLR (optical pathlength ratio) and STR
(stack taper ratio) are common. The OPLR is equal to one half
of the pathlength correction. Refer to the instrumnent manufac-
turer for the proper factor.

Opacity Monitor Optical Characteristics

3.2.24 angle of projection (AOP), n—the total angle that
contains all of the visible (photopic) radiation projected from
the light source of the transmissometer at a level greater than
2.5 % of its peak illuminance,

3.2.25 angle of view (AOV), n—the total angle that contains
all of the visible (photopic) radiation detected by the photode-
tector assembly of the transmissometer at a levcl greater than
2.5 % of the peak detector response.

3.2.26 instrument response time, n—the time required for
the electrical output of an opacity monitor to achieve 95 % of
a step change in the path opacity.
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32,27 mean spectral response, n—the mean response
wavelength of the wavelength distribution for the effective
spectral response curve of the transmissormeter.

3.2.28 optical alignment indicator, n—a device or means to
determine objectively the optical alignment status of opacity
monitor components.

3.2.29 peak spectral response, n—the wavelength of maxi-
mum sensitivity of the transmissometer.

3.2.30 photopic, n—a region of the electromagnetic spec-
trum defined by the response of the light-adapted human eye as
characterized in the “Source C, Human Eye Response” con-
tained in 40CFR60, Appendix B, Performance Specification 1.

4. Summary of Practice

4.1 A comprehensive series of specifications and test pro-
cedures that opacity monitor manufacturers must use to certify
opacity monitoring equipment (that is, that the equipment
meets minimum design and performance requirements) prior to
shipment to the end user is provided. The design and perfor-
mance specifications are summarized in Table 1,

4.2 Design specifications and test procedures for (I) peak
and mean spectral responses, ( 2) angle of view and angle of
projection, (3) insensitivity to supply voltage variations, (4)
thermal stability, (5) insensitivity to ambient light, and (6) an
optional procedure for opacity monitors with external zero
devices that states or other regulatory agencies might require
are included. The manufacturer periodically selects and tests:
for conformance with these design specifications an instrument:
that is representative of a group of instruments) produced
during a specified period or lot. Non-conformance with the
design specifications requires corrective action and retesting.
Each remanufactured opacity monitor must be tested to dem-
onstrate conformance with the design specifications. The test
frequency, transmissometer installation pathlength (that is,
set-up distance) and pathlength correction factor for each
design specification test are sunmmarized in Table 2.

4.3 This practice includes manufacturer’s performance
specifications and test procedures for (1) instrument response
time, (2) calibration error, ( 3) optical alignment sight perfor-
mance - homogeneity of light beam and detector. It also

includes a performance check of the spectral response of the.

instrument. Conformance with these performance specifica-

tions is determined by testing each opacity monitor prior to

shipment to the end user. (The validity of the results of the
calibration error test depends upon the accuracy of the instal-
lation pathlength measurements, which is provided by the end
user) The test frequency, transmissometer installation path-
length (that is, set-up distance) and pathlength correction factor
for each performance specification test are summarized in
Table 3.

4.4 This practice establishes appropriate guidelines for QA
programs for manufacturers of continuous opacity monitors,
including corrective actions when non-conformance with
specifications is detected.

5. Significance and Use

5.1 Continuous opacity monitors are required to be installed
at many stationary sources of air pollution by federal, state, and
local air pollution control agency regulations. EPA regulations
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TABLE 1 Summary of Manufacturer's Specifications and
Requirements
Specification Requirement

peak and mean spectral response
between 500 and 600 nm: less
than 10% of peak response below
400 nm and above 700 nm
=4° for all radiation above 2.5 %
of peak
#1.0 % opacity max. change over
specified range of supply voltage
variation, or £10 % variation from
the nominal supply voltage
+2.0 % opacity change per 40°F
change over spacified operational
range
+2.0 % opacity max. change from
sunrige to sunset with at least ons
1-h average solar radiation level
of = 900 W/m?
required
+1.0 % opacity
check of all active analyzer
internal optics with power or
curvature, all active slectronic
cireuitry including the light source
and photodetector assembly, and
slactric or electro-mechanical
systems used during normal
measurement operation
simulated condition during which
the energy reaching the detector
Is between 90 and 190 % of the
enetgy reaching the detector
under actual clear path conditions
check of the measurement system
where the energy level reaching
the detector is between the

. energy levels corresponding to
10 % opacity and the highest level
filter used to determine calibration
error
manufacturer to identify and
specify
manufacturer to specify one of
three options
0.5 % opacity over measurement
range from -5 % to 50 % opacity,
or higher value
sampling and analyzing at loast
every 10 s: caloulate averages
from at least 6 measurements par
minute
=10 8 to 95 % of final value
=3 % opacity for the sum of the
absolute valus of mean difference
and 95 % confidence coefficient
for each of three test filters
clear indication of misalignment at
or before the point where opacity
changes %2 % due to
misalignment as system is
misaligned both linearly and
rotationally in horizontal and -
vertical planes
=1.8 % opavity

Spectral response

Angle of view, angle of projection

Insensitivity to supply voltage variations

Thermal stability

Insensitivity to ambient light

External audit filter access
External zero device repeatability - Optlonal
Automated calibration checks

Simulated zero check device

Upscale calibration check device

Status indlcators
Pathlength corraction factor security

Measurement autput resolution

Measuremént and racording frequancy

Instrument response time
Calibration error

Opfical alignment indicator - (uniformity of
light bearn and detector)

Calibration device repeatablility

regarding the design and performance of opacity monitoring
systems for sources subject to “Standards of Performance for
New Stationary Sources” are found in 40 CFR 60, Subpart A
General Provisions, §60.13 Monitoring Provisions, Appendix
B, Performance Specification 1, and in applicable source-
specific subparts. Many states have adopted these or very
similar requirements for opacity monitoring systems.
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TABLE 2 Manufacturer’s Design Specifications - Test Frequency,
Set-Up Distance, and Pathlength Correction Factor

Manufacturer's Design Test Frequency Set-Up Distance  Pathlength
Specification Correction
Factor

Spectral Response annually, and following 1 to 3 m when NA

failure of spectral measured (not

response performance applicable when

cheok® spectral response

is cafculated)

Angle of view, angle  monthly, or 1 in 20 3m NA
of projection units {whichever s

more fraquent)
Insensitivity to supply  monthly, or 1 in 20 3m 1.0
voltage variations untts (whichever is

more frequent)
Thermal stability annually® 3 m (external jig. 1.0

far tests)

Insensitivity to annually? 3m 1.0
ambient light
External zero device  annually® 3m 1.0
repeatability - optional
Additional design as applicable

specifications®

AThe spectral response s determined annually for each model and whenever
there Is a change in the design, manutacturing process, or componenit that might
affect performance. Reevaluation of the spectral response is necessary when an
insttument fails to meet the spectral response performance check.

BAnnually, and wheriever thers is a change in the design, manufacturing
process, or compdnent that might affect performance.

SThe manufacturer shall certify that the opacity monitor design meets the
applicable requirements tor (a) external audit filter access, ( b) external zero device
(it applicable), (¢) simulated zero and upscale calibration devices, (d) status
indicators, (€) pathlength cotrection factor secunlty, () measurement output
resolution, and ( g) measurement recording frequency,

TABLE 3 Manufacturer's Performance Specification — Test
Applicability, Set-Up Distance and Pathlength Correction Factor

Manufacturer's Test Applicability Set-Up Distance  Pathlength
Performance Correction Factor
Specification
Instrument response  each instrument  per actual per actual
time installation installation
Calibration error gach instrument  per actual per actual

‘ installation® installation®
Acceptable tolerance +10 % reset clear =10 %, use
comparing test to path zero values  actual valus for all
actual conditions for subsequent subsequent

monitoring® monitoring®

Optical alignment each instrument  per actual per actual
indicator - (uniformity inatallation installation
of light beam and
detector)
Spactral response each instrument  per actual per actual
performance check installation installation
Calibration device each instrument  per actual per actual
repeatablility instalfation instalfation

A Default test values are provided for use where the installation pathlength and
pathlength correction factor can not be determined.

BWhen actual measurements are within =10 % tolerance, & field performance
audit can be performed rather than a fisld calibration error test at the time of
installation.

5.2 Regulated industrial facilities are required to report
continuous opacity monitoring data to control agencies on a
periodic basis. The control agencies use the data as an indirect
measure of particulate emission levels and as an indicator of
the adequacy of process and control equipment operation and
maintenance practices.

5.3 EPA Performance Specification 1 provides minimum
specifications: for opacity monitors and requires source owners
or operators of regulated facilities to demonstrate that their
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installed systems meet certain design and performance speci-
fications. Performance Specification 1 allows, as an alternative
to testing each instrument, manufacturers to demonstrate con-
formance with certain design specifications by selecting and
testing representative instruments.

5.4 Previous experience has demonstrated that EPA Perfor-
mance Specification 1 does not address all of the important
design and performance parameters for opacity monitoring
systems. The additional design and performance specifications
included in this practice are needed to eliminate many of the
performance problems that have been encountered. This prac-
tice also provides purchasers and vendors flexibility, by de-
signing the test procedures for basic transmissometer compo-
nents or opacity monitors, or in certain cases, complete opacity
monitoring systems. However, the specifications and test
procedures are also sufficiently detailed to support the manu-
facturer’s certification and to facilitate independent third party
evaluations (if desired) of the procedures.

5.5 Purchasers of opacity monitoring equipment meeting all
of the requirements of this practice are assured that the opacity
monitoring equipment meets all of the design requirements of
EPA Performance Specification 1, and additional design speci-
fications that eliminate many of the operational problems that
have been encountered in the field. Purchasers can rely on the
manufacturer’s published operating range specifications for
ambient temperature and supply voltage. These purchasers are
also assured that the specific instrument has been tested at the
point of manufacture and demonstrated to meet the manufac-
turer’s performance specifications for instrument response
time, calibration error (based on pathlength measurements
provided by the end user), optical alighment, and the spectral
response performance check requirement. Conformance with
the requirements of this practice ensures conformance with all
of the requirements of 40CFR60, Appendix B, Performance
Specification 1 except those requirements for which tests are
required after installation. .

5.6 The original manufacturer, or those involved in the
repair, remanufacture, or resale of opacity monitors can use
this practice to demonstrate that the equipment components or
opacity monitoring systems provided meet appropriate design
and performance specifications.

5.7 The applicable test procedures and specifications of this
practice are selected to address the equipment and activities
that are within the control of the manufacturer; they do not
mandate testing of the opacity system data recording equip-
ment or reporting.

5.8 This practice also may serve as the basis for third party
independent audits of the certification procedures used by
manufacturers of opacity monitoring equipment.

6. Procedure—Design Specification Verification

6.1 Test Opacity Monitor Selection, Test Frequency, and
Summary of Tests:

6.1.1 Perform the design specification verification proce-
dures in this section for each representative model or configu-
ration. involving substantially different optics, electronics, or
software before being shipped to the end user.

6.1.2 At a minimum, select one opacity monitor from each
month’s production, or one opacity monitor from each group of
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twenty opacity monitors, whichever is more frequent. Test this
opacity monitor for (1) angle of view, (2) angle of projection,
and (3) insensitivity to supply voltage variations. If any design
specification is unacceptable, institute corrective action accord-
ing to the established quality assurance program and remedy
the cause of unacceptability for all opacity monitors produced
during the month or group of twenty. In addition, test all of the
opacity monitors in the group and verify conformance with the
design specifications before shipment to the end users.

Nore 1—The selected opacity monitor may be the first opacity monitor
produced each month, or the first opacity monitor in each group of twenty,
provided that it is representative of the entire group.

6.1.3 At a minimum, test one opacity monitor each year for
(1) spectral response, (2) thermal stability, and (3) insensitivity
to ambient light. If any design specification is unacceptable,
institute corrective action according to the established quality
assurance program and remedy the cause of unacceptability for
all affected opacity monitors. In addition, retest another repre-
sentative opacity monitor after corrective action has been
implemented to verify that the problem has been resolved.

6.1.4 Certify that the opacity monitor design meets the
applicable requirements (see 6.7-6.13) for () external audit
filter access, (2) external zero device (if applicable), (3)
simulated zero and upscale calibration devices, (4) status
indicators, (5) pathlength correction factor security, (6) mea-~
surement output resolution, and (7) measurement recording
frequency. Maintain documentation of tests and data necessary
to support certification.

6.2 Spectral Response:

Note 2—The purpose of the spectral response specifications is to
ensure that the transmissometer measures the transtnittance of light within
the photopic range. The spectral response requirements ensure some level
of consistenicy among opacity monitors because the determination of
transmittance for effluent streams depends on the particle size, wave-
length, and other parameters. The spectral response requirements also
eliminate potential interfering effects due to absorption by various gaseous
constituents except NO, which can be an interferent if present in
abnormally high concentrations or over long pathlengths, or both. The
spectral response requirements apply to the entire transmissometer. Any
combination of components may be used in the transmissometer so long
as the response of the entire transmissometer satisfies the applicable
requirerments.

6.2.1 Test Frequency-— See 6.1.3. In addition, conduct this
test ( 1) anytime a change in the manufacturing process occurs
or a change in a component that may affect the spectral
response of the transmissometer accurs or (2) on each opacity
monitor that fails the spectral response performance check in
7.10.

6.2.2 Specification— The peak and mean spectral responses

" must occur between 500 nm and 600 nm. The response at any
wavelength below 400 nm and above 700 nm must be less than
10 % of the peak spectral response. Calculate the mean spectral
tesponse as the arithmetic mean value of the wavelength
distribution for the effective spectral response curve of the
transmissometer.

6.2.3 Spectral Response Design Specification Verification
Procedure—Determine the spectral response of the transmis-
someter by either of the procedures in 6.2.4 (Option 1) or 6.2.5
(Option 2), then calculate the mean response wavelength from
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the normalized spectral response curve according to 6.2.6.
Option 1 is to measure the spectral response using a variable
slit monochromator. Option 2 is to determine the spectral
response from manufacturer-supplied data for the active optical
components of the measurement system.

6.2.4 Option 1, Monochromator—Use the followmg proce-
dure:

6.2.4.1 Verify the performance of the monochromator using
a NIST traceable photopic band pass filter or light source, or
both.

6.2.4.2 Set-up, optically align, and calibrate the transmis-
someter for operation on a pathlength of 1 to 3 m.

6.2.4.3 Connect an appropriate data recorder to the trans-
missometer and adjust the gain to an acceptable measurement
level.

6.2.4.4 Place the monochromator in the optical path with the
slit edge at an appropriate distance from the permanently
mounted focusing lenses.

6.2.4.5 Use the monochromator with a range from 350 nm
to 750 nm or greater resolution. Record the response of the
transmissometer at each wavelength in units of optical density
or voltage,

6.2.4.6 Cover the reflector for double-pass transmissom-
eters, or turn off the light source for single-pass transmissom-
eters, and repeat the test to compensate measurement values for
dark current at each wavelength.

6.2.4.7 Determine the spectral response from the opac1ty
monitor double pass response and the monochromator calibra-
tion.

6.2.4.8 Graph the raw spectral response of the transmissotii~
eter over the test range.

6.2.4.9 Normalize the raw response curve to umty by
dividing the response at 10 nm intervals by the peak response.

6.2.5 Option 2, Calculation from Manufacturer Supplied
Data—Obtain data from component suppliers that describes
the spectral characteristics of the light source, detector, filters,
and all other optical components that are part of the instrument
design and affect the spectral response of the transmissometer.
Ensure that such information is accurately determined using
reliable means and that the information is representative of the
specific components used in current production of the trans-
missometer under evaluation. Update the information at least
every year or when new components are used, or both. Keep
the information and records necessary to demonstrate its
applicability to the current spectral response determination on
file. Using the component manufacturer-supplied data, calcu-
late the effective spectral response for the transmissometer as
follows:

6.2.5.1 Obtain the spectral emission curve for the source.
The data must be applicable for the same voltages or currents,
or both, as that used to power the source in-the instrument.

6.2.5.2 Obtain the spectral sensitivity curve for the detector
that is being used in the system.

6.2.5.3 Obtain spectral transmittance curves for all filters
and other active optical components that affect the spectral
response.

6.2.5.4 Perform a point-wise multiplication of the data
obtained in 6.2.5.1-6.2.5.3, at 10 nm intervals, over the range
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350 to 750 nm, to yield the raw response curve for the system.

6.2.5.5 Normalize the raw response curve to umity by
dividing the response at 10 nm intervals by the peak response.

6.2.6 Using the results from Option 1 or 2, as applicable,
determine conformance to the specifications in 6.2.2. Then
calculate the mean response wavelength (response-weighted
average wavelength) by (1) multiplying the response at 10 nm
intervals by the wavelength, (2) summing all the products, and
( 3) dividing by the sum of all 10 nm interval responses. Verify
that this result is greater than 500 nm but less than 600 nm.,

6.2.7 Monitor-Specific Performance Check Limits—
Establish the monitor-specific performance check limits for use
in conducting the Spectral Response Performance Check (7.10)
as follows:

Nore 3—The equivalent single-pass opacity from 6.2.7.2 and the
single-pass opacity results corresponding to the applicable shifts from
6.2.7.3 bound the acceptable limits for the spectral response performance
check.

6.2.7.1 Obtain a photopic transmission filter that has (/) a
peak transmission =70 %, ( 2) maximum transmission be-
tween 550 nm and 560 nm, ( 3) half-maximum transmission
between 500 nm and 520 nm, ( 4) half-maximum transmission
between 600 nm and 620 nm, ( 5) transmission <10 % at any
wavelength less than 450 nm or greater than 650 nm, and (6)
a traceable calibration. Calibrate and verify the transmittance
of the photopic filter as a function of wavelength initially and
at least annually.

6.2.7.2 Calculate the expected single-pass opacity (assum-
ing PLCF=1) that would result from inserting the photopic
transmission filter into the clear-stack path of the transmissom.-
eter by (I) performing a point-wise multiplication of the
photopic transmission filter curve with the normalized trans-
missometer response curve (obtained from 6.2.4.9 or 6.2.5.5),
(2) summing the products, (3) dividing by the sum of the 10 nm
responses to form the single-pass transmission, and (4) calcu-
lating the equivalent single-pass opacity.

6.2.7.3 Repeat the calculations in 6.2.7.2, except use (1) the
normalized transmissometer curve shifted by +20 nm or the
amount which would cause the peak or mean spectral response
to shift to the limiting value of 600 nm, whichever shift is less,
and (2) the normalized transmissometer curve shifted by —20
nm or the amount which would cause the peak or mean spectral
response to shift to the limiting value of 500 nm, whichever
shift is less.

6.2.7.4 Repeat the calculations with any - design changes
involving the source, detector(s), or light transmitting optics.
Although failure of the spectral response performance check in
7.10 does not necessarily mean that the transmissometer
response is no longer within the photopic range, it is a
sufficient basis to warrant additional investigation, including
reevaluation of the spectral response and performance check
limits, explanation, and documentation of the problem.

6.3 Angle of View and Angle of Projection:

Note 4—The purpose of the angle of view (AOV) and angle of
projection (AOP) design specifications is to minimize the effects of light
scattering in the measurement path when determining transmittance or
opagity.

6.3.1 Test Frequency— See 6.1.2. Manufacturers that dem-
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onstrate and document using good engineering practice that a
specific design results in an AOP of less than 0.5° are not
required to perform the following AOP or AOV tests.

6.3.2 Specification— The total AQP and the total AOV must
each be no greater than 4°. Transmissometers with an AQOP of
less than 0.5° are exempt from the AOV or AOP specification.

6.3.3 AOV and AOP Design Specification Verification
Procedure-—Conduct the AOV and AOP tests using the proce-
dures given in 6.3.4-6.3.13.

6.3.4 Transmissometer Configuration—Conduct the AQV
and AOP tests with the complete transmissometer assembly,
including all parts of the measurement system that may impact
the results. Provide a justification of (I) exactly what is
included and excluded from the AOV and AOP tests and ( 2)
any test procedure modifications necessary to accommodate
particular designs, such as those that may be required for dual
beam designs that are chopped and synchronously detected.
Include the justifications with documentation of the results,

6.3.5 Ser-Up—Focus and configure the transmissometer for
a flange-to-flange installation separation distance of 3 m.

6.3.6 Test Fixture— Set up the AOV test fixture that
incorporates (1) a movable light source along arcs of 3 m
radius relative to the first optical surface encountered by the
light beam entering the detector housing assembly, in both the
hotizontal and vertical directions relative to the normal instal-
lation orientation, and (2) recording measurements at 2.5 cm
increments along the arc. Similarly, set up the AOP test fixture
that incorporates (/) a movable photodetector along an arc of
3 m radius relative to the final optical surface encountered by
the light beam exiting the transmitter housing assembly, in both
the horizontal and vertical directions relative to the normal
installation orientation, and (2) recording measurements at 2.5
cm increments along the arc.

Note 5—It is helpful to mount on test stands the detector and
transmitter housings for single-pass transmissometers, or the transceiver
for double-pass transmissometers.

6.3.7 Alternative Test Fixture—For the AOV test, at a
distance of 3 m from a stationary light source, mount the
detector housing on a turntable that can be rotated (both
horizontally and vertically) in increments of 0.5° [28.6 min],
corresponding to measurements displaced 2.5 cm along the atc,
to a maximum angle of 5° (corresponding to a distance of 26
cm along the arc) on either side of the alignment centerline.
Similarly, for the AOP test, mount transmitter housing on the
turntable at a distance of 3 m relative to a stationary photode-
tector.

Note 6—If the turntable is capable of rotating only in either the
horizontal or-vertical direction, the detector or transmitter housing may be
mounted on its side or boftom (as appropriate) to simulate the other
direction.

6.3.8 Light Source— For the AOV test, use a small non-
directional Iight source (less than 3 cm wide relative to the
direction of moverment) that (I) includes the visible wave-
lengths emitted by the light source installed in the transtnis-
someter, (2) provides sufficient illuminance to conduct the test
but doe snot saturate the detector, ( 3) does not include lenses
or focusing devices, and ( 4) does not include non-directional
characteristics, that is, the intensity in the 20° sector facing the
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detector assembly varies by less than 10 %.

Note 7—A light source that does not meet the non-directional criteria
may still be used for the AOV test, if a specific procedure is followed. This
procedure is given in 6.3.9.

6.3.9 Alternative Light Source—For the AOV test, if the
light source does not meet the non-directional criteria, rotate
the light source in the vertical and horizontal planes about its
normal optical axis as it is pointed at the entrance aperture of
the instrument under test in order to obtain thé maximuimi
response from the instrument under test at each position in the
test procedure.

6.3.10 AOV Test Procedure—Test the entire detector assem-
bly (that is, transceiver for double-pass transmissometers or
receiver/detector for a single-pass transmissometer). I appli-
cable, include the mounting flanges normally supplied with the
opacity monitor. Use an appropriate data recorder to record
continuously the detector response during the test.

Nore 8—Alternative AOV test procedures are necessary for certain
designs. For example, a transmissometer with an optical chopper/
modulator responds only to light modulated at a certain frequency. An
external chopper/modulator used in conjunction with the test light source
must match both the phase and duty cycle for accurate results. If this
cannot be done, the manufacturer may either (I) provide additional
electronics to drive another similar external source in parallel wit the
internal source or { 2) modify the detector electronics so that its response
may be used to accurately evaluate the AOV of the test transmissometer.
The manufacturer must take appropriate measures to ensure (I) that the
background, or ambient light, and detector offsets do not significantly
reduce the accuracy of the AOV measurements, (2) that the field of view
restricting hardware normally included with the instrument are not
modified in any way, and (3) that good engineering practice is followed in
the design of the test configuration to ensure an accurate measurement of
AOQV.

6.3.10.1 Align the test light source at the center position and
observe the detector assembly response. Optimize the test light
source and optical chopper/modulator (if applicable) to maxi-
nize the detector assembly response. If the detector response is
not within the normal operating range (that is, 25 to 200 % of
the energy value equivalent to a clear path transmittance
measurement for the transmissometer), adjust the test appara-
tus (for example, light source power supply) to achieve a
detector response in the acceptable range.

6.3.10.2 Position the test light source on the horizontal arc
26 cm from the detector centerline (5%) and record the detector
response. Move the light source along the arc at intervals not
larger than 2.5 cm (or rotate the turntable in increroents not
larger than 0.5°) and record the detector response for each
measurement location. Continue to make measurements
through the aligned position and on until a position 26 cm (5°)
on the opposite side of the arc from the starting position is
reached. Record the response for each measurement location
and over the full test range; continue recording data for all
positions up to 26 cm (5°) even if no response is observed at an
angle of <26 cm (5°) from the centerline.

6.3.10.3 Repeat the AOV test on an arc in the vertical
direction relative to the normal orientation of the detector
housing.

6.3.10.4 For both the horizontal and vertical directions,
calcnlate the relative response of the detector as a function of
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viewing angle (response at each measurement location as a
percentage of the peak response). Determine the maximum
viewing angle for the horizontal and vertical directions yield-
ing a response greater than 2.5 % of the peak response.
Determine conformance to the specification in 6.3.2. Report
these angles as the angle of view. Report the relative angle of
view curves in both the horizontal and vertical directions.
Document and explain any modifications to the test procedures
as described in 6.3.11.

6.3.11 AOP Test Procedure—Perform this test for the entire
light source assembly (that is, transceiver for double-pass
transmissometers or transmitter for single-pass transmissom-
eters), The test may also include the mounting flanges normally
supplied with the opacity monitor, Conduct the AOP test using
the procedures in either 6.3.12 or 6.3.13.

6.3.12 Option 1—Use a photodetector () that is less than 3
cm wide relative to the direction of movement, (2) that is
preferably of the same type and has the same spectral response
as the photodetector in the transmissometer, (3) that is capable
of detecting 1 % of the peak response, and (4) that does not
saturate at the peak illuminance (that is, when aligned at the
center position of the light beam. Use an appropriate data
recorder to record continuously the photodetector response
during the test.

6.3.12.1 Perform this test in a dark room. If the extemal
photodetector output is measured in a de-coupled circuit,
measure the ambient light level in the room (must be <0.5 % of
the peak light intensity to accurately define the point at which
2.5 % peak intensity occurs). If the external photodetector is
measured in an ac-coupled configuration, demonstrate that (1)
ambient light level in the room, when added to the test light
beam, does not cause the detector to saturate, and (2) turning
on and off the ambient lights does not change the detected
signal output. Include documentation. for these demonstrations
in the report. " ‘ ‘

6.3.12.2 Position the photodetector on the horizontal arc 26
cm from the projected beam centerline (5°) and record the
response. Move the photodetector along the arc at =2.5-cm
intervals (or rotate the turntable in =0.5° increments) until a
position 26 ¢m (5°) on the opposite side of the arc is reached,
Record the response for each measurement location and over
the full test range; continue recordmg data for all positions up
to 26 cm (5°) even if no response is observed at an angle of
=26 cm (5°) from the centerline.

. 6.3.12.3 Repeat the AOP test on an arc in the vertical
direction relative to the pormal orientation of the detector
housing.

6.3.12.4 For both the homzontal and vertical dlrectlons,
calculate the relative tesponse of the photodetector as a
function of projection angle (response at each measurement
location as a percentage of the peak response). Determine the
maximum projection angle for the horizontal and vertical
directions yielding a response greater than 2.5 % of the peak
response. Determine conformance to the specification in 6.3.2;
Report these angles as the angle of projection. Report the
relative angle of projection curves in both the honzontal and
vertical directions,
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6.3.13 Option 2—Use this test procedure for only transmis-
someter designs that have previously met the AOP specifica-
tion using Option 1 procedure during the preceding 12 months.
Ensure that the light beam is focused at the actual flange-to-
flange separation distance of the transmissometer.

6.3.13.1 Perform this test in a darkened room. Project the
light beam onto a target located at a distance of 3 m from the
transceiver/transmitter. Focus the light beam on the target.

6.3.13.2 Measure the beam dimensions (for example, diam-
eter) on the target in both the horizontal and vertical directions.
Calculate the maximum total angle of projection (that is, total
subtended angle) based on the separation distance and beam
dimensions. Coropare this result to the previously measured
AQP result obtained using Option 1. If the AOP results
obtained by Option 1 and Option 2 do not agree within =0.3°,
repeat the test using Option 1.

6.3.13.3 Report the greater AOV result of Option 1 or
Option 2 as the AOV for the test instrument.

6.4 Insensitivity to Supply Voltage Variations:

Note 9—The purpose of this design specification is to ensure that the
accuracy of opacity monitoring data is not affected by supply voltage
variations over =10 % from nominal or the range specified by the
manufacturer, whichever is greater. This specification does not address
rapid voltage fluctuations (that is, ‘peaks, glitches, or other transient
conditions), emf susceptibility or frequency variations in the power
supply.

6.4.1 Test Frequency— See 6.1.2. :

6.4.2 Specification— The opacity monitor output (neasure-
ment and calibration check responses, both with and without
compensation, if applicable) must not deviate more than
+1.0 % single pass opacity for variations in the supply voltage
over +10 % from nominal or the range specified by the
manafacturer, whichever is greater.

6.4.3 Design Specification Verification Procedure:

6.4.3.1 Determine the acceptable supply voltage range from
the manufacturei’s published specifications for the model of
opacity monitor to be tested. Use a variable voltage regulator
and a digital voltmeter to monitor the rms supply voltage to
within =0.5 %. Measure the supply voltage over =10 % from
nominal, or the range specified by the manufacturer, whichever
is greater.

6.4.3.2 Set-up and align the opacity monitor (transceiver
and reflector for double-pass opacity monitors, or transmitter
and receiver for single-pass opacity monitors) at a measure-
ment pathlength of 3 m. Use a pathlength cotrection factor of
1.0, Calibrate the instrument using external attenuators at the
nominal operating voltage. Insert an external atteruator with a
nominal value between 10 and 20 % single-pass opacity into
the measurement path and record the response. Initiate a
calibration check cycle and record the low level and upscale
responses.

6.4.3.3 Do not initiate arty calibration check cycle during
this test procedure except as specifically required. Decrease the
supply voltage in increments of 2 % of the nominal vatue and
record the one-minute or more frequent measurement response
to the attenuator at each voltage (after the instriment response
has stabilized) until the minimum value is reached. Initiate a
calibration check cycle at the minimum supply voltage and
record the low level and upscale responses. Reset the supply
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voltage to the nominal value and then increase the supply
voltage in increments of 2 % of the nominal value and record
the measurement response to the attenuator at each voltage
(after the instrument response has stabilized) until the maxi-
mum value is reached. Initiate a calibration check cycle at the
maximum supply voltage and record the low level and upscale
responses, both with and without compensation, if applicable,
6.4.3.4 Determine conformance to specifications in 6.4.2.
6.5 Thermal Stability:

Note 10—The purpose of this design specification is to ensure that the
accuracy of opacity monitoring data is not affected by ambient tempera-
ture variations over the range specified by the manufacturer.

6.5.1 Test Frequency— See 6.1.3. Repeat this test anytime
there is a major change in the manufacturing process or change
in & major component that could affect therrnal stability.

6.5.2 Specification— The opacity monitor output output
(measurement and calibration check responses, both with and
without compensation, if applicable) must not deviate more
than £2.0 % single pass opacity for every 22.2°C (40°F)
change in ambient temperature over the range specified by the
manufacturer.

6.5.3 Design Specificdtion Verification Procedure:

6.5.3.1 Determine the acceptabie ambient temperature range
from the manufacturer’s published specifications for the model
of opacity monitor to be tested. Use a climate chamber capable
of operation over the specified range. If the climaté chamber
cannot achieve the full range (for example, cannot reach
minimum temperatures), clearly state the temperature range
over which the opacity monitor was tested and provide
additional documentation of performance beyond this rangs to
justify operating at lower temperatures.

6.5.3.2 Set-up and align the opacity monitor (transceiver
and reflector for double-pass opacity monitors, or transmitter
and receiver for single-pass opacity monitors) at a measure-
ment pathlength of 3 m. Use a pathlength correction factor of
1.0. If the opac1ty mohitor design introduces purge air through
the housing that contains optical components of the transceiver,
transmitter, or detector, operate the purge air system during this
test. If the purge ait does not contact internal optics and
electronics, the air purge systetn need not be operative during
the test.

Note 11—For double-pass systems with reflectors that can be shown to
be insensitive to temperature, this test may be performed using a zeto
reference similar to an external zero jig, but one that is designed
specifically to evatuate the temperature stability of the instrument for this
test. This device must be designed to be temperature invariant so that the
test evaluates the stability of the instrament, not the stability of the zero
reference. Another acceptable approach is to construct a test chamber
where the reflector is mounted outside the chamber at a constant
temperature. The control unit, if applicable, need not be installed in the
climate chamber if it is to be installed in a controlled environment by the
end user.

6.5.3.3 Establish proper calibration of the instrument using
external attenuators at a moderate temperature that is, 21.1 =
2.8°C (70 = 5°F). Insert an external attenuator with a single-
pass value between 10 and 20 % opacity into the measurement
path and record the response, Initiate a calibration check cycle
and record the low level and upscale responses.
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Nom 12-Grid filters are recommended for these tests to eliminate
temperature dependency of the atteniuator value.

6.5.3.4 Do not initiate any calibration check cycle during
this test procedure except ds specifically stated. Continuously
record the temperature and measurement response to the
attenuator during this entire test. Decréase the temperature in
the climate chamber at a rate not to exceed 11.1°C (20°F) per
hour wuntil the minimum temperatiire is reached. Note data
recorded during brief periods when condensation occurs on
optical surfaces due to temperature changes. Alldw the opacity
monitor to remain at the minimum temperature for at least one
hour and then initiate a calibration check cycle and record the
low level and upscale responses with and without compeénsa-
tion, if applicable. Return the opacity monitor to the initial
temperature and allow sufficient time for it to- equilibitate and
for any condensed mioisture on exposed optical surfaces to
evaporate. Increase the temperafuré in the climate chamber at
a rate not to exceed 11.1°C (30°F) per hour until the maximum
temperature is.reached. Allow the opacity monitor to remain at
the maximum temperature for at lest one hotir and then initiate
a calibration check cycle and record the low level and upscale
responses.

Note 13—The notations when condensation ocours are for explanatory
purposes only,

6.5.3.5 Determine conformance to spemﬁcatlons in 6. 5 2.

6.6 Insensitivity to Ambient Light:

Nore 14—The purpose of this design specification is to ensure that
opacity monitoring data are not affected by ambient light.

6.6.1 Test Frequenicy— See 6. 1.3. Repeat this fest anytune
there is a major change in the manufacturing process or change
in a major component that could affect the opacity monitor
sensitivity to ambient light.

6.6.2 Specification— The opacity monitor output (measure-
ment and calibration check responses, both with and without
compensation, if applicable) must not deviate more than
+2.0 % single pass opacity when exposed to ambient sunlight
over the course of a day.”

6.6.3 Design Specification Verification Procedure: .

6.6.3.1 Perform this test (1) at a time of maximum insola-
tion, on a clear day where light scattering from atmosphenc
haze, clouds, or particulate matter are at a minimum, ( 2)-when
at least one 1-h solar radidtion average is 2900 W/m 2, and (3)
for a specific opacity monitor that has successfully completed
the spectral response, theérmal stability tests, and other des1gn
specification verification procedures.

6.6.3.2 Set-up the opacity monitor outside, w1th the hght
path in a horizontal position, and where it will be directly
exposed to sunlight for the entire day. Use mounting flanges of
normal length, and attach the flanges to mounting plates that
extend at least 0.305 m (12 in.) above, below, and to both sides
of the mounting flariges. Paint the interior surfaces of the
mounting flanges and the facing surfaces of the mounting
plates white. Optically align the opacity monitor (transceiver
and reflector for double-pass opacity monitors, or transmitter
and receiver for single-pass opacity monitors) at a measure-
ment pathlength of 3 m on an approximate east-west axis
aligned with the transit of the sun. Use a pathlength correction
factor of 1.0. Calibrate the instrument using external attenua-

729

tors pnor to the test. Insert an external attenuator with a
single-pass value between 10 and 20 % opacity into the
measurement path and record the response. Initiate a calibra-
tion check cycle and record the low level and upscale re-
sponses.

6.6.3.3 Use a cosine corrected total solar radiation monitor
that (1) is capable of detecting light from 400 to 1100 nm, (2)
has beén calibrated under natural daylight conditions to within
*+35 % against mdustry standards, (3) has a sensitivity of at least
90 pnA/100 Wrm 2, and (4) has a linearity with a maximum
deviation of less than 1% up to 3000 W/m?. Place the solar
radiation monitor on top of the transceiver for double-pass
opacity moritors, or detector for single-pass opacity monitors.
If weather covers are supplied with all opacity monitors, install
the solar radiation monitor on top of the weather cover.
Measure the total solar radiation according to the manufactur-
er’s instructions.
. 6.6.3.4 Continuously record the opacity monitor response to
the attenuator and the output of the solar radiation monitor for
a period from two hours before sunrise to two hours after
sunset. Record the ambient temperature during this period. Do
not conduct calibration check cycles during this test more
frequently than once per 24-h period or the longest interval
recommended in the manufacturer’s published specifications,
Dacument and report the frequency of conducting calibration
check cycles during the insensitivity to ambient light test.

6.6.3.5 If necessary, correct the measurement data for
changes in instrument response due to ambient temperature
variation by running a separate test with the same instrument
shielded from the sunlight, Determine the maximum percent
deviation in the measurement response for any six minute
period during the test.
~ 6.6.3.6 Determine conformance with the specifications
6.6.2.

6.7 External Audit Filter Access:

"Note 15-—The opacity monitor design must accommodate independent
assessinents of the measurement system response to commercially avail-
able external (that is, not intrinsic to the instrument) audit filters. These
calibration attenuators may be placed within the mounting flange, air
purge plenum, or other location after the projected light beam passes
through the last optical surface of the transceiver or transmitter. They may
also be placed in a similar location at the other end of the measurement
path prior to the light beam reaching the first optical surface of the
reflector or receiver, The external audit filter access design must ensure (@)
the filters are used in conjunction with a zero condition based on the samie
energy level, or within 5 % of the energy reaching the detector under
actual clear path conditions, (b) the entire beam received by the detector
will pass through the attenuator, and (¢) the attenuator is inserted in a
manner that minimizes interference from the reflected light.

6.7.1 Insert the external audit filter into the system.

6.7.2 Determine whether the entire beam received by the
detector passes through the attenuator and that interference
from reflected light is minimal.

6.7.3 Determine whether the zero condition corresponds to
the same energy level reaching the detector as when actual
clear path conditions exist

6 8 External Zero Device—Optional:

N ote 16-—The opacity monitar design may include an extemal Temov-
able device for checking the zero alignment of the transmissometer. Such
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a device may provide an independent means of simulating the zero opacity
condition for a specific installed opacity monitor over an extended period
of time and can be used by the operator to periodically verify the accuracy
of the internal simulated zero device. The exterrial’ Zero dévice must be
designed: ( 1) to simulate the zero opacity condition based on the same
energy level reaching the detector as when actual clear path conditions
exist; (2) to produce the same response each time it is.installed on the
transmissometer; and (3) to minimize the chance that inadvertent adjust-
ments will affect the zero level response produced by the device. The
opacity monitor operator is responsible for the proper storage and are of
the external zero device and for reverifying the proper calibration of the
device during all clear path zero alignment tests.

Note 17—The purpose of this design specification is to ensure that the
external zéro device design and mounting procedure will produce the
same response each time that the device is installed on thie transmissom-
eter.

" 6.8.1 Test Frequency— If the optional external zero device
is supplied with any opacity monitors of the subject model,
select and perform this test for one representative external zero
device manufactured each year for the opacity monitor model
certified by this practice.

6.8.2- Specification— The opacity monitor output must not
deviate more than *1.0 % single pass opacity for repeated
installations of the external zero device on a transmissometer.

6.8.3 Design Specification Verification Procedure—Perform
this  test using an opacity monitor that has successtully com-
pleted the tests to demonstrate insensitivity to ambient Light
(6.6) and which is set up and properly calibrated for a
measurement pathlength of 3 meters. Install the external zero
device and make any necessary adjustment to it so that it
produces the proper zero opacity response from the test
transmissometer. Remove the external zero device and return
the test transmissometer to operation and verify that the opacity
monitor output indicates 0.0 = 0.5 % opacity. Without making
any adjustments to the external zero device or the test opacity
monitor, install and remove the external zero device five times.
Record the zero response of the test opacity monitor to the
external zero device and to the clear path condition after it is
returned to operation after each installation.

6.8.4 Determine conformance with the design spec1ﬁcauon
in 6.8.3.

6.9 Calibration Check Devices:

Note 18—Opacity monitors covered by this practice must include
automnated mechanisms to provide calibration checks of the installed
opacity monitor.

6.9.1 Siimulated Zero Device—Establish the proper response
to the sithulated zero device under clear path conditions while
the transmissometer is optically aligned at the installation
pathlength and accurately calibrated. Certify that the simulated
zero device conforms to the following:

6.9.1.1 The simuldted zero device produces a simulated
clear path condition or low level opacity condition, where the
energy reaching the detector is betweeir 90 and 190 % of the
energy reaching the detector under actual ¢lear path conditions.
Cortections for energy levels other than 100 % are permitted
provided that they do not interfere with the mstrument’s ability
to measure opacity accurately.

6.9.1.2 The simulated zero device provides a check of all
active analyzer internal optics with power or curvature, all
active electronic circuitry including the light .source and
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photodetector assembly, and electric or electro-mechanical
systems, and hardware and/or software used during normal
measurement opefation.

" Nore 19—The simulated zero device allows the zero drift to be
determined “while the ifistrument is installed on the stack or duct.
Simulated zéro checks, however, do not necessarily assess the: optical
alignmient, status of the teflector (for double-pass systems), ar the level of
dust contamination of all optical surfaces.

6.9.2- Upscale Calibration Device—Certify that the device
conforms to the following:

6.9.2.1 The upscale calibration device measures the upscale
calibration drift urider the same optical, electronic, software,
and mechanical components as are included in the simulated
Zero check.

'6.9.2.2 The upscale calibration device checks the pathlength
corrected measurement system response where the energy level
reaching the detector is betwéen the energy levels correspond-
ing to 10 % opacity and the highest level filter used to
determine calibration error.

6.9.2.3 The upscale calibration check response is not altered
by electronic hardware or software modification during the
calibration cycle and is representative of the gains and offsets
applied to normal effluent opacity measurements.

Nose 20—The upscale calibration device may employ a neutral density
filter or reduced reflectance device to produce an upscale drift chieck of the
measwrement system. The upscale calibration device may be used in
conjunction with the simulated zero device (for example, neutral density
filter supetimposed onsimulated zero reflector) or in a parallel fashion (for
example, zero and upscale [reduced reflectance] devices applied to the
light beam sequentially).

6.10 Status Indicators:

Note 21—Opacity monitors must include alarms or fault condition
warnings to facilitate proper operation and maintenance of the opacity
monitot. Such alarms or fault condition warnings may include lamp/
source failure, purge air blower failure, excessive zero or calibration drift,
excessive zero or dust compensation, and $o forth,

6.10.1 Specify the conditions under which the alarms or
fault condition warnings are activated.

6.10.2 Verify the conditions of activations in 6.10.1 on an
annual basis.

6.10.3 Certify the that the system’s visual indications, or
audible alarms, as well as electrical outputs can be recorded as
part of the opacity data réecord and automatically indicate when
either of the following conditions are detected:

6.10.3.1 A failure of a sub-system or component which can
be reasonably expected to invalidate the opacity measurement,
or

6.10.3.2 A degradation of a subsystem or component which
requires mdinténance to preclude resulting failure.

6.11 Pathlength Correctzon Factar (PLCF) Security:

Nore 22—The opacity momtormg system must display and record all
measured opacity values (including effluent opacity measurements, zero
and upscale calibration checks, and zero or dust compensatxon values)
corrected to the em;lsswn outlet pathlength

6.11.1. Certlfy that the system has been, designed and con-
structed, so that the value of the pathlength correction factor

6.11.1.1 Cannot be changed by the end user, or

6.11.1.2 Is recorded during each calibration check cycle, or
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6.11.1.3 The system must provides an alarm when the value
is changed from the certified value.

6.11.2 Document the option(s) that are selected and write
corresponding instructions. Provide them to the end user to
minimize the likelihood that the PLCF will be changed
inadvertently.

6.12 Measurement Output Resolution:

6.12.1 Certify that the opacity monitor output, including
visual measurement displays, analog outputs, or digital out-
puts, or combinations thereof, have a resolution =0.3 %
opacity over the measurement range from —4.0 % opacxty to
50 % opacity or higher value.

Nots 23—The 0.5 % opacity resolution is required for dstermining

calibration error or achieving conformance with applicable regulatory
requirements. ’

6.13 Measurement and Recording Frequency;

6.13,1 Certify that each opacity monitor is designed and
constructed to do the following:

6.13.1.1 To complete a minimum of one cycle of sampling
and analyzing for each successive 10-s period.

6.13.1.2 To calculate average opacity values from 6 or more
data points equalty spaced over each 1-min period included in
the average (for example, 6 measurements per l-min average
or 36 measurements per 6-min average), '

6.13.1.3 To record values for each averaging period.

Note 24—Most regulations require recording of six-min average opac-

ity values, however, some regulatory agencies require calculation of.

one-minute or other less than 6-min average values.

7. Procedure—Manufacturer’s Performance
Specifications ‘
7.1 Required Performance Tests—Test each mstrument

prior to shipment to ensure that the opacity monitor meets

manufacturer’s performance specifications for instrument re-
sponse time, calibration error, and optical alignment sight
performance. Conduct a performance check of the spectral
response for each instrument. ‘

Note 25—These tests are performed for the specific transmissometer
components (transceiver and reflector for double-pass opacity monitors or
transmitter and receiver for single-pass opacity monitors), the specific
control unit (if included in the installation), and any other measurement
system components that are supplied by the manufacturer. The data
recording system that will be employed by the end user is not required to
be evaluated by these tests. Additional field tests are necessary to evaluate
the complete opacity monitoring system after it is installed at the end
user’s facility. The field test procedures may be simplified when certain
conditions are met in the conduct of the manufacturer’s performance
specification tests.

7.2 Representative Test Conditions:

7.2.1 Conduct the manufacturer’s performance specification
tests under conditions that are representative of the specific
intended installation, whenever possible. Obtain from the end
user accurate information about the installation pathlength (that
is, flange-to-flange separation distance);, monitoring path-

length, emission outlet pathlength, and the applicable opac1ty‘

standard. - Use -the apphcable opacity standard, monitoring

pathlength, and emission outlet pathlength to select apprapriate’

attenuators for the calibration error test and to establish the

pathlength correction factor for the opacity monitor being
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tested. Set-up and test the transmissotneter components at the
same installation pathlength and the same pathlength correc-
tion factor as that of the field installation.

Note 26-——When these conditions are met, the equivalent clear path
setting for an external zero device can be established in conjunction with
the manufacturer’s calibration error test. This device can then be used in
subsequent field calibration error tests to verify performance of the opacity
monitor. If both the actual installation pathlength and the pathlength
correction factors are within 10 % of the values used for the manufac-
turer’s calibration error test, the manufacturer’s calibration error test
results are valid and representative for the installation.

7.2.2 If actual pathlength values differ by >2 %, but =10 %
relative to that used for the manufacturer’s calibration error
test, repeat the zero alignment (for installation pathlength
errors) or reset the pathlength correction factor (for pathlength
correction errors) prior to subsequent opacity monitoring.

Notg 27—A field performance audit may be substituted for the field
calibration error test when the above criteria are satisfied.

7.2.3 If the actual installation pathlength and pathlength.

correction factors exceed =10 % of the values used for the
manufacturer’s calibration etror test, repeat the cahbratlon
error test.

7.3 Default Test Conditions—If the installation pathlength,
monitoring pathlength, and emission outlet pathlength cannot
be determined by the manufacturer (for example, opacity
monitor is intended for future resale, opacity monitor will serve
as backup for multiple installations, construction of facility is
not complete and so foith), test the opacity monitor at an
installation pathlength of 5 m and use a pathlength correction
factor of 1.0. If an opacity monitor is designed for a.range of
measurement pathlengths that does not include 5 m, test the
opacity monitor at the middle of the range specified by the

manufacturer (see example in Note 28). If the applicable.

opacity standard cannot be determined, assume a standard of

20 % opacity for the selection of attenuators used for the

calibration error test,

Note 28—Example: If an opacity monitor is designed for measurement.

pathlengths from 6 to 12 m, use a pathlength of 9 m.

7.4 Test Set-Up—Conduct the performance tests of the
opacity monitor in a clean environment in an area protected
from manufacturing or other activities that create dust, mist,
fumes, smokg, or any’ other ambient condition that will
interfere with establishing a clear path opacity condition.

7.4.1 Set-up the transmissometer components on test stands
that will facilitate adjustrments to, and maintenance of, the
optical alignment throughout the test procedure.

7.4.2 Use the appropriate installation pathlength as'deter-
mined from 7.2, if possible, or 7.3, if necessary.

7.4.3 Adjust the focus of the transmlssometer for the 1nstal-‘

lation pathlength, if applicable.

7.4.4 Optically align the transmissometer components ac-
cording to the written procedures of the manufacturer.

7.4.5 Verify that the alignment sight indicates proper align-
ment.

* 7.4.6’ Enter the proper pathlength correction factor Gif apph—

cable) fot the opacity monitor.

7.4.7 Establish proper calibration of the measurethent sys--

tem according to the marufacturer’s written procedures.
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7.4.8 Connect the opacity monitor to an appropriate data
recorder for documenting the performance test results. At a
minimum, use a data recorder that

7.4,8.1 Is capable of resolving 0.25 % opacity,

7.4.8.2 Has been accurately calibrated and verified accord-
ing to the manufacturer’s QA procedures, and

7.4.8.3 Has a sufficiently fast response to measure the
instrument response time.

7.5 Selection of Calibration Attenuators—Using the appli-
cable pathlength correction factor and opacity standard values
from 7.2 (if possible) or 7.3 (if necessary), select calibration
attenuators that will provide an opacity monitor response
corrected to single-pass opacity values for the emission outlet
pathlength in accordance with the following:

Applicable Standard 10 to 19 % opacity 220 % opacity
Low level: 51010 % 10 to 20 %
Mid level: 1010 20 % 20 to 30 %
High level: 20 t0 40 % 30 to 60 %

Note 29-—The manufacturer may elect to use additional calibration
attenuators in the calibration error test. The use of additional calibration
attenuators may be advantageous in demonstrating the linear range of the
measureruent system. Alternate calibration attenuator values may be used
where required by applicable regulatory requirements (for example, state
or local regulations, permit requirements, and so forth).

7.6 Attenuator Calibrations—Calibrate the attenuators used
for the manufacturer’s calibration at the frequency and accord-
ing to the procedures specified in 40 CFR 60, Appendix B,
Performance Specification 1, 7.1.3. For transmissometers op-
erating over narrow bandwidths, determine the attenuator
calibration values for the actual operating wavelengths of the
transmissormeter,

7.7 Instrument Response Time:

Nore 30—The purpose of the instrument response time test is to
demonstrate that the instantancous output of the opacity monitor is
capable of tracking rapid changes in effluent opacity, using the instanta-
neous output or signal input used to generate averages. It includes the
transmissometer components and the contro] unit if one is included for the
particular installation, The instrument response time test does not include
the opacity monitoring systermn permanent data recorder, (A separate field
test should be conducted to verify the ability of the system to properly
average or integrate and record 6-min opacity values.)

7.7.1 Specification— The instrument response time must be
less than or equal to 10 s.

7.7.2 Instrument Response Time Test Procedure —Using a
high-level calibration attenuator, alternately insert the filter five
times and remove it from the transmissometer light path.

7.7.2.1 For each filter insertion and removal, determine the
amount of time required for the opacity monitor to display
95 % of the step change in opacity on the data recorder used for
the test. For upscale response time, determine the time it takes
to reach 95 % of the final, steady upscale reading, For
downscale response time, determine the time it takes for the
display reading to fall to 5 % of the initial upscale opacity
reading.

7.7.2.2 Calculate the mean of the five upscale response time
measurements and the mean of the five downscale response
time measurements. Report each of the scale and downscale
response time determinations and the mean upscale and down-
scale response times.

7.7.3 Determine conformance with the specification in
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7.7.1. If the response time is not acceptable, take corrective
action and repeat the test.
7.8 Calibration Error:

Note 31—The calibration error test is performed to demonstrate that
the opacity monitor is properly calibrated and can provide accurate and
precise measurements.

7.8.1 Specification— The calibration error raust be =3 %
opacity as calculated ad the sum of the absolute value of the
mean difference and confidence coefficient for each of three
test attenuators.

7.8.2 Calibration Ervor Test Procedure:

7.8.2.1 Zero the instrument. Insert the calibration attenua-
tors (low-, mid- and high-level) into the light path between the
transceiver and reflector (or transmitter and receiver).

7.8.2.2 While inserting the attenuator, ensure that the entire
beam received by the detector passes through the attenuator
and insert the attenuator in a manner that minimizes interfer-
ence from the reflected light.

Nore 32—See also Note 15. The placement and removal of the
attenuator must be such that measurement of opacity is performed over a
sufficient period to obtain a stable response from the opacity monitor.

7.8.2.3 Make a total of five non-consecutive readings for
each filter. Record the opacity monitoring system output
readings in single-pass percent opacity.

7.8.2.4 Subtract the single-pass calibration attenuator values
corrected to the stack exit conditions from the opacity monitor
responses. Calculate the arithmetic mean difference, standard
deviation, and confidence coefficient of the five measurements
value. Calculate the calibration error as the sum of the absolute
value of the mean difference and the 95 % confidence coeffi-
cient for each of the three test attenuators. Report the calibra-
tion error test results for each of the three attenuators.

n
3%
P

&)

[ =

=

where:
x
X
n

= arithmetic mean,
individual measurements, and

number of data points.

®)

where:
sy = standard deviation.
Sy
CC = 1915 v ©)

where:
ty.075 t-value (t; 975 = 2.776 for n = 5), and
cc confidence coefficient

7.8.2.5 Determine conformance with the specification in
7.8.1. If the calibration error test results are not acceptable, take
corrective action, recalibrate the opacity monitor according to
the manufacturer’s written instructions, and repeat the calibra-
tion error test.

1]
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7.9 Optical Alignment Indicator — (Uniformity of Light
Beam and Detector):

Note 33—Each transmissometer must provide a means for visually
determining that the instrument is optically aligned, The purpose of this
specification is to ensure that the alignment device is capable of clearly
indicating when the transmissometer components are misaligned. The
performance test procedure will also detect opacity monitors where the
accuracy of opacity measurements is adversely affected by the use of the
light beams having non-uniform intensity, or the use of non-uniform
" detectors, or inefficient or poar quality retro-reflector material,

7.9.1 Specification— The alignment sight must clearly in-
dicate that the unit is misaligned when an error of *2 %
single-pass opacity occurs due to shifts in the optical alignment
of the transmissometer components. For opacity monitor de-
signs that include automatic beam steering (that is beam
position sensing and an active means for adjusting alignment
so that centered alignment is maintained even with slowly
changing misalignment conditions), an alarm must be activated
when the alignment is varied beyond the manufacturer’s
specified range of angular tolerance is unable to maintain
alignment.

Note 34—Modifications of the alignment indicator test procedures for
systems with beam steering are included in 7.9.7.

7.9.2 Alignment Indicator Performance Test Procedure—
Conduct the alignment indicator test according to the proce-
dures in 7.9.3-7.9.7.

Note 35—The test procedute can be modified to accommodate moving
of either component of the transmissometer to achieve equivalent geo-
metric misalignment as described in 7.9.3-7.9.6. Alignments tests may be
performed in the horizontal or vertical planes of the instrument and the
instrument components may be tarned on their side to accommodate the
tests.

7.9.3 Set-up:

7.9.3.1 Set up the transmissometer on test stands that allow
adjustments for the rotational and translational misalignment
tests.

7.9.3.2 Optically align the transceiver and reflector (double-
pass opacity monitor) or transmitter and receiver (single-pass
opacity monitor) according to the manufacturer’s written
instructions. Verify that all alignment indicator devices show
proper alignment.

7.9.3.3 Conduct the alignment indicator performance test
with a clear path condition. Alternatively, insert an external
attenuator that produces a response =10 % single-pass opacity
into the measurement path turn it approximately 3° from
normal to the light path to eliminate surface reflection, and
record the indicated opacity.

794 Case 1: Single and Double Pass Opacity Monitors:

7.9.4.1 Slowly tilt the. transceiver (double-pass opacity
monitor) or transmitter (single-pass opacity monitor) upward in
the vertical plane (for example, adjust the appropriate align-
ment bolts or mounting mechanism) relative to the reflector
(double-pass opacity monitor) or receiver (single-pass opacity

monitor) until an error of *+2 % opacity is first indicated on the'

data recorder. Verify that the alignment indicator shows mis-
alignment.

7.9.4.2 Illustrate and record the alignment indicator and the
degree of misalignment shown.
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7.9.4.3 Return the system to its aligned condition.

7.9.44 Repeat the entire procedure by tilting the transceiver
in the opposite (downward) direction.

7.9.4.5 Repeat the rotational misalignment check of the
transceiver or transmitter in the horizontal plane (both to the
left and right) and again illustrate and record the visual
depiction of the alignment for each step of the procedure.

7.9.5 Case 2, Single-Pass Opacity Monitors Only

7.9.5.1 Slowly tilt the receiver in the vertical plane (for
example, adjust the appropriate alignment bolts or mounting
mechanism) until an error of +2 % opacity is first indicated on
the data recorder, Verify that the alignment indicator shows
misalignment.

7.9.5.2 Illustrate and record the alignment indicator and the
degree of misalignment shown.

7.9.5.3 Return the system to its aligned condition and again
draw the alignment indicator.

7.9.5.4 Repeat the entire procedure by tilting the receiver in
the opposite direction.

7.9.5.5 Repeat the rotational misalignment check of the
receiver in the horizontal plane (both to the left and right) and
again iltustrate and record the visual depiction of the alignment
for each step of the procedure.

7.9.6 Case 3: Single and Double Pass Opacity Monitors:

7.9.6.1 Achieve lateral misalignment of the transceiver or
transmitter relative to the reflector or receiver by slowly
moving either assembly linearly to the left until a positive or
negative error of =2 % opacity is first indicated on the data
recorder. Verify that the alignment indicator shows lateral
misalignment of the transceiver or transmitter relative to
reflector or receiver.

7.9.6.2 Tlustrate and record the alignment indicator and the
degree of misalignment shown. :

7.9.6.3 Return the system to its aligned condition and again
draw the alignment indicator.

7.9.6.4 Repeat the entire procedure by moving the same
component to the right.

7.9.6.5 Repeat the test in the vertical plane (both above and
below the aligned position) and again illustrate and record the
visual depiction of the alignment for each step of the proce-
dure.

7.9.7 Assessment—Determine conformance with the speci-
fication in 7.9.1.

. Note 36—The performance of the alignment indicator is acceptable if:
(1) for each case of rotational or translational misalignment, misalignment
is cleatly shown when an error of =2 % single-pass opacity first occurs in
each direction, and (2) proper alignment status is consistently indicated
when the opacity monitor is optically aligned. A clear indication of
misalignment is one that is objectively apparent relative to reference
marks or conditions; an alignment device that requires a subjective
judgement of the degree of misalignment is not acceptable. ‘

7.9.8 Automatic Beam Steering:

7.9.8.1 If the design includes automatic beam steering,
investigate each case of rotational and translational misalign-
ment. Vary the alignment over the manufacturer’s specified
range of angular tolerance for which the alignment is main-
tained and for which the opacity is maintained within £2 %
single pass opacity.

7.9.8.2 During each misalignment test, record the angular
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misalignment where the alarm is activated.
7.9.8.3 Determine conformance with the specification in
7.9.2.

Note 37-—Acceptable performance is indicated if (Z) the alarm. is
activated or misalignment is clearly show at, or before, the angular
tolerance specified by the manufacturer is reached, and ( 2) for transla-
tional misalignment, an alarm is activated or misalignment is clearly
shown at, or before, an error of +2 % single-pass opacity first occurs in
each direction.

7.10 Special Response Performance Check:

Nore 38—This performance check provides a simple method to ensure
that the special response of each instrument satisfies the spectral response
design specifications of 6.2. The performance check uses a photopic
transmission filter placed in the measurement beam and comparison with
a range of expected responses determined from Monitor-Specific Perfor-
mance Check Limits (6.2.7).

7.10.1 Specification— The transmissometer response to the
photopic transmission filter used to establish performance
check limits, after correction of the response to account for the
applicable pathlength correction factor, must be within *+2 %
opacity of the range defined by the maximum and minimum
responses (determined in 6.2.7 in units of percent opacity.

7.10.2 Spectral Response Performance Check Procedure:

7.10.2.1 Insert the photopic transmission filter used to
establish the performance check limits into the opacity monitor
measurement beam after the calibration etror test has been
completed. Record the opacity monitor response to the photo-
pic filter in units of percent opacity.

7.10.2.2 Correct the opacity monitor response to the equiva-
lent value corresponding to a pathlength correction factor of 1.

7.10.2.3 Compare the corrected response to the acceptable
limits and determine conformance with the specification in
7.10.1.

7.10.2.4 If an unacceptable result is obtained, do not assume
that the spectral response design requirements are met. Inves-
tigate the causes for an unacceptable result. Unless a clear
explanation of the problem is apparent, repeat Spectral Re-
sponse Design Specifications Verification Procedure (6.2.3)
and recalibrate the photopic filter,

7.11 Calibration Device Value and Repeatability:

Note 39—The purpose of this specification is to verify that the upscale
calibration device response is repeatable and provides results consistent
with the use of external filters. This specification may also be applied to
additional internal calibration check devices (values), if provided in the
instrument,

7.11.1 Specification— The 95 % confidence coefficient for
repeated measurements of the upscale calibration device must
be less than 1.5 % opacity. The upscale calibration device must
be assigned a value relative to the calibration error test results
for the specific opacity monitor.

7.11.2 Calibration Device Repeatability Test Procedure—
Perform this procedure immediately after successfully com-
pleting the calibration error test for the opacity monitor. Do not
make any adjustments to the opacity monitor until after this
procedure has been completed. Make seven non-consecutive
measurements of each internal device and record the opacity
monitor responses.

7.11.2.1 Calculate the 95 % confidence coefficient using the
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same procedures as that used in the calibration error test. (See
7.8.2.4).

7.11.2.2 Determine conformance to the specification in
7.11.1.

7.11.2.3 Assign values to the upscale calibration device(s)
relative to the calibration error test results. Construct a cali-
bration curve by linear regression analysis through zero of the
results of the calibration error test (x-axis are correct values
and y-axis are the corresponding opacity monitor responses).
Using the mean of the five measurement responses for each
upscale calibration device as the y-axis value, determine in
corresponding x-axis value from the calibration curve: Assign
this value to the internal upscale calibration device.

8. Quality Assurance Guidelines for Opacity monitor
Manufacturers

8.1 General—The products shall be manufactured under a
quality program that ensures that like products, subsequently
made, have the same reliability and quality as those originally
examined to determine compliance with this design specifica-
tion. To establish and maintain such a program, the manufac-
turer shall be guided by industry practice, its quality controls,
and by this set of guidelines. These guidelines are supported by
various standards and by industry practice.

8.1.1 Applicable Documents—This document is an adapta-
tion of and the referred to the following standards for addi-
tional guidance:

ISO/DIS 9004 Quality Management and Quality System
Elements-Guidelines

ANSI/NCSL Z 540-1-1994, Calibration Laboratories and
Measuring Equipment - General Requirements

8.1.2 General Vocabulary—Terms used in this document
are defined by:

ISO 842, Quality Vocabulary

8.2 Quality System:

8.2.1 Management Responsibility:

8.2.1.1 Quality Policy— The management of a company
shall develop and promulgate a corporate quality policy.
Management shall ensure that the corporate policy is under-
stood, implemented and maintained.

8.2.1.2 Quality Objectives—Based on this policy, key qual-
ity objectives shall be defined, such as fitness for use, perfor-
mance, reliability, safety, and so forth.

8.2.1.3 Quality Management Systems—A. documented sys-
tem shall be developed, established and implemented for the
product as a means by which stated quality policies and
objectives can be realized. The quality system should ensure
that: ( I) it is understood and effective; (2) products actually do
satisfy customer expectations; (3) emphasis is placed on
problem prevention rather than dependence on detection after
occurrence; (4) causes, not only symptoms, of a problem are
found, and that corrections are comprehensive, touching any
activity that has a bearing on quality; and (5) feedback is
generated that can be used at the product or process design
stage for correcting problems and improving product. Manage-
ment shall provide the resources essential to the implementa-
tion of quality policies and objectives.

8.2.2 Quality System Documentation and Records—The
elements requirements and provisions adopted for the quality

PRO_00105091



Case 1:13-cv-01215-TSC Document 198-24 Filed 10/07/19 Page 70 of 121

{ih D 6216

- mented to prevent recurrence of the problem. When the

management system. shall be documented in a systematic.and
orderly manner.

8.2.2.1 Documientation shall be leglb]e, clean, readily, iden-
tifiable and maintained in an orderly manner.

8.2.2.2 The quality management system shall establish and

require the means for identification, collection, filing, storage,
maintenance, retrieval and disposition of pertineént quality

documentation and records. Methods shall be established for .

making changes, modifications, revisions or additions to the
contents of applicable documentation in a controlled manner.
8.3 Corrective Action Program;

8.3.1 Introduction— There shall be a comprehensive defect ‘

analysis/corrective action program for reporting and
following-up on product and program deficiencies.

8.3.2 Assignment of Responsibility:

8.3.2.1 The responsibility and authority for 1nst1tut1ng cor-
rective action shall be defined as part of the quality system.

8.3.2.2 The coordination, recording and monitoring of cor-
rective action shall be assigned to a specific person or group
within the organization. (The analysis and execution of any
corrective action may involve a variety of people from such
areas as sales, design, production engineering, production
and/or quality control.)

8.3.3 Deficiencies:

8.3.3.1 Deficiencies shall be evaluated in terms of their
potential impact on product quality, reliability, safety, perfor-
mance and custorner satisfaction.

8.3.3.2 The relationship between cause and effect should be
determined. The root cause should be determined before
planning and implementing corrective measures. Careful
analysis shall be given to the product and all related processes,
operations, records, and so forth.

8.3.3.3 Controls of processes and procedures shall be imple-

corrective measures are implemented, their effect shall be
monitored in order to ensure desired goals are met.

8.3.3.4 Permanent changes resulting from corrective action
shall be incorpbrated into the work instructions, manufacturing
processes, product specifications and/or the quality manual,

8.4 Quality System Certification—Companies with ISO
9001/9002 certification, companies meeting the requirements
of ANSVASQC Q90 (Q91 or Q92), companies meeting the
requirements of nationally recognized test laboratories
(NRTLs) where the manufactured product bears the mark (or
marks) of the NRTL(s), or companies with an equivalent
independently and periodically verified quality system, and
which adopt this specification as part of their product definition
shall be deemed to meet all of the above quality assurance

. guidelines. Companies meeting these conditions shall attach

the applicable certification to the manufacturer’s certification
of conformance report as proof of such designation.

9. Report

9.1 Summarize the design and performance (see Table 1,
Table 2 and Table 3) data in the report. See Fig XI.1 for an
example.

9.2 Include all descriptive 1nformat10n, such as:

9.2.1 Manufacturer or supplier information,

9.2.2, Opacity monitor information,

9.2.3 User information, and

9.2.4 Installation information.

10. Keywords o
10.1 continuous opacity monitor; design specification; per-
formance specification; transmissometer

APPENDIX

(Nonmandatory Information)

X1. DATA SUMMARY FORM

X1.1 Fig. X1.1 is an example data form to summarize data :

to certify conformance with desigh and performance specifi-
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cations.
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This document is provided by (company namie), an (original manufacturer, supplier
remanufacturer, or service facility), of/for opacity monitoring systems that are intended to comply
with standards of performance established by the US EPA 40CFR60, Appendix B, Performance
Specification 1, Performance Specifications for Opacity Monitors. This EPA specification
references the above ASTM Standard Practice, which may be used by the manufacturer or supplier
to demonstrate that the designated opacity monitor meets those performance requirements that can
be tested and verified by the supplier prior to field installation. Data in this summary document
(Part I) have been generated in compliance with the procedures and specifications shown in the
ASTM Standard Practice, SPXXXX. These data confirm that the designated opacity monitor
meets or exceeds the requirements of this Standard Practice.

I. MANUFACTURER/SUPPLIER INFORMATION
Company name
Location

II. OPACITY MONITOR INFORMATION
Model
Transceiver typé
Transceiver serial no.

" Reflector type
Reflector serial no.
Control unit serial no.
Software version no.

1. USER INFORMATION
Company
Plant
Process/boiler
Location

IV. INSTALLATION INFORMATION
Monitoring pathlength (depth of effluent)
Installation pathlength (flange to flange)
Emission outlet pathlength (stack exit)
PLCF or (OPLR)
Facility opacity standard, % opacity
FIG. X1.1 Data Summary Form
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PART I—DESIGN AND PERFORMANCE SPECIFICATIONS—TESTED AT
MANUFACTURER’S FACILITY

Conformance with design specifications is demonstrated by testing two separate opacity monitors,
each of which is representative of standard production. One opacity monitor is selected and tested
annually and the other is selected from either a production lot of instruments not to exceed 20 in

size, or from monthly production, and tested in accordance with procedures descnbed in the
SPXXXX. The tests associated with each of the above selected analyzers is requlred to be repeated ‘
anytime there is a critical component change that is substantial, hardware or software change, or
manufacturing process change that could affect performance with respect to said design
specifications. The test data denved from each of the above two descnbed analyzers is summarized
below. ’

1. Design Specifications Verified Through Tests Prescribed For An Annually, or More
Often, Selected Opacity Monitor ,

The opacity monitor that tested to demonstrate the following design parameters was selected on the
basis of an annual selection ____, or following a major change in the design or construction of the
monitor e ' c T o S

OPACITY MONITOR IN FORMATION
Model
Transceiver type
Transceiver serial no.
Reflector type-
Reflector serial no.
Control unit serial no.

Software version no.
- TESTS PERFORMED BY:
S DATE:
TEST DATA REVIEWED AND CERTIFIED BY:
‘ - DATE:;
1.1 Spectral Response
Data listed below were obtained by calculation ___, or by actual measurement using a
monochrometer A descnptlon of exther the calculations or the measurement test setup are
included in Attachment A :
Parameter = - Speclficatlon ' | Actual Test Result
Peakresponse. =~ -~ = Between 500-600 nm R .
Mean response | . Bétween 500-600 nm -
Max response beyond 700 nm Less than 10% of peak

Max response less than 400 im | Less than 10% of peak
. o " FIG. X1 g Data Summary Form (oont/nued)
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1.2 Thermal Stability
Parameter Specification Actual Test Result
Tested range, min temp Mfpr specified, °C (°F)- : R
Tested range, max tenp Mfer specified, °C (°F)
Nominal measurement value 0-10% opacity
Measurerent drift, max < 2% opacity/40 °C (°F)
déviation from nominal C ’
measurement value
Zero drift from nominal | £ 2% opacity/40 °C (°F)
without compensation '
Zero drift from nominal with < 2% opacity/40 °C (°F)
compensation ,
Span drift from nominal < 2% opacity/40 °C (°F)
without compensation
Span drift from nominal with | < 2% opacity/40 °C (°F)
compensation ‘
1.3 Insensitivity to Ambient Light
Parameter Specification Actual Test Result -
Max solar intensity 900 W/m’
Nominal measurement value 0-10% opacity
Measurement drift, max < 2% opacity
deviation from nominal
measurement value

Drift was corrected for thermal | Mfgr specified
effects, yes or no

Zero drift from nominal < 2% opacity
without compensation ‘
Zero drift from nominal with < 2% opacity
compensation

Span drift from nominal < 2% opacity
without compensation

Span drift from nominal with | < 2% opacity
compensation ‘

1.4 Calibration Device Availability

Parameter Specification : Availability/Value
External zero device Optional "
Ext zero device repeatability | < 1% opacity

External filter access To be available

FIG. X1.1 Data Suhmary Form ‘(con‘t‘inugd)"’ N
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1.5 Zero/upscale calibration check apparatus

detector is between 90 and
190% of the energy reaching
the detector under actual clear
path conditions *

Parameter Specification Test Result
Indicated response to simulated zero 0 £ 0.5% opacity
calibration device
Simulated Zero Check Simulated condition during
which the energy reaching the

Response to upscale calibration device without | +10% opacity to highest
electronic hardware or software modification calibration error attenuator
value

Does automatic zero and span calibration Required
devices check all active optics and electronics?

Is automatic correction provided for zero drift? | Mfar to specify (Y/N)

If yes, specify freq

Is automatic correction provided for dust Mfgr to specify (Y/N)
accumulation on exposed optics?
oo s

R

oA

1 If yes, specify freq

Is automatic correction provided for sioéh/c.al - Mfgr to specify (Y/N)
drift?

If yes, specify freq

Note: * Negative opacity values of this magnitude can be calculated from the detector or
preamplifier output by measuring the equivalent optical energy detected in the clear path condition

and that produced by the zero calibration check device.

1.6 PLCF (OPLR) Security Precautions

Condition Specification As Supplied (Y/N)
Original certified value is fixed | One or more of listed

and not adjustable by user conditions to be provided

Value is output with zero and | One or more of listed

span values during each conditions to be provided

calibration cycle

Flag (alarm) is activated when | One or more of listed
changed from original certified | conditions to be provided
or permanently recorded value

FIG. X1.1 Data Summary Form (continued)

739

PRO_00105096



1.7 Faults and Alarm (Mfgr to specify)

Case 1:13-cv-01215-TSC Document 198-24

@b o s216

Filed 10/07/19 Page 75 of 121

Fault Conditions (Note 1&3)

Specified Indication

Actual Indication

Conditions tested

Audible or visual, and
electrical

Tested output

Same

Same

Same

Alarm Conditions (Note 2&3)

Specified Indication

Actual Indication

Conditions tested

Audible or visual, and
electrical

Tested output

Same

Same

Same

Same

Same

Note 1) Fault conditions are those conditions which, when they occur, are deemed by the
manufacturer to result in performance which is not in compliance with this performance

specification.

Note 2) Alarm conditions are those conditions for which the manufacturer recommends review
and/or corrective action by trained service personnel as appropriate to prevent further deterioration
of instrument performance which could result in performance not in compliance with this

specification.

Note 3) Manufacturer may use other nomenclature to designate either general or specific alarms
and/or faults, as long as they are appropriately defined in the operators manual.

1.8 Miscellaneous

Parameter Specification Test Result
Resolution of visual measurement < 0.5% opacity

mdication, if provided

Resolution of analog output measurement | < 0.5% opacity

indication

Resolution of serial digital output, if < 0.5% opacity

provided

Bipolar range of visual measurement
indication

opacity or less

+50% opacity or more to -4%

Capability of analog output measurement | Required
indication to indicate negative values to at

least -4% opacity ‘

Are means available to monitor daily zero | Optional
and span drift before correction?

Is span drift corrected for zero drift in Optional
above method?

Are means available to monitor dust Optional

accumulation on exposed optical surfaces?

FIG. X1.1 Data Summary Form (continued)
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What surfaces are monitored for dust
accumulation?

Mfgr to specify, if applicable

Is an alarm provided for excessive dust
accurnulation?

Mfpr to specify, if automatic
correction is provided

What level of dust accumulation triggers
the above alarm?

Mfegr to specify, if applicable

least 6 approximately equaly distributed
individual measurement values per minute?

Is dust level measured separately from the | Mifgr to specify
accumulative zero drift?

Are all dust (if provided), zero, and span Required
values corrected to stack exit conditions?

‘What is the normal update interval for 10 sec max
opacity measurements?

Do longer term opacity averages include at | Required

FIG. X1.1 Data Summary Form (continued)
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2. Design Specifications Verified Through Tests Prescribed for an Opacity Monitor Selected
on a Monthly Basis, or From Each Production Lot " L

The opacity monitor that was selected and tesi:ed to demonstrate the following design parameters
was selected on the basis of a monthly selection , a manufacturing lot not to exceed 20 in size
, or following a major change in the design or construction of the monitor ____

OPACITY MONITOR INFORMATION ¢
Model
Transceiver type
Transceiver serial no.
Reflector type
Reflector serial no.
Control unit serial no.
Software version no.

TESTS PERFORMED BY:
DATE:

TEST DATA REVIEWED AND CERTIFIED BY:
DATE:

2.1 Angle of View

Transmissometer is exempt from angle of view specification because the angle of projection has
been demonstrated to be less than degrees.

Portion of opacity monitor included in the test:

Portion of opacity monitor excluded in the test:

Light source used in the test: directional , or non-directional
Were detector/measurement electronics modified to measure response to designated light source:

Y/N) . If so, describe modifications in attachment B.
Parameter Specification Actual Test Result
Angle of view, horizontal < 4° for all radiation providing
a response of > 2.5% of peak
response
Angle of view, vertical < 4° for all radiation providing
a response of > 2.5% of peak
response

FIG. X1.1 Data Summary Form (continued)
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2.2 Angle of Projection

Transmissometer is exempt from angle of projection specification because the angle of projection
has been demonstrated to be less than degrees.

Option 1 Procedure
Portion of opacity monitor included in the test; -

Portion of opacity monitor excluded in the test:

Photodetector used in test:
If tests were conducted with dc coupled measurement circuit, was ambient light level less
than 0.5% of peak light intensity? (Y/N)

If tests were conducted with ac coupled measurement circuit, was it demonstrated that
ambient light levels did not saturate the detector? (Y/N) ; and was it demonstrated
that turning on/off ambient lights did not affect measurements? (Y/N) '

Parameter Specification Actual Test Result
Angle of projection, horizontal | < 4° for all radiation providing
a response of = 2.5% of peak
response
Angle of projection, vertical < 4° for all radiation providing |
a response of > 2.5% of peak ‘ J‘
response - . \
. B |
|

Optxon 2 Procedure (For transmissometer designs that have prevmusly met the AOP spemﬁcatlon
using Option | procedure during the preceding 12 months)
Distance from transceiver/transmitter to target
Beam dimension (diameter) in the vertical direction
Beam dimension (diameter) in the horizontal direction
Option 2 Result: (total subtended angle): : degrees.
Option 1 Result (angle of projection): ‘ degrees ' .
Difference (Option 1 result minus Option 2 result) degrees. If the results do not
agree within 0.3 degrees, repeat the test using Option 1. :
FIG. X1.1 Data Summary Form (oontlnz)ed)‘
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2.3 Insensitivity to supply voltage variations

Manufacturers specified nominal voltage:
Manufacturers specified operating voltage range, if specified:

Parameter ' Specification ' Actual Test Value
Min test voltage -10% from nom, or mfgrs min '
' specified operating voltage,
whichever is lesser

Max test voltage +10% from nom, or mfgrs max
specified operating voltage,

, whichevet is greater

Nominal measurement value 0-10% opacity

Measurement drift, max | £ 1% opacity

deviation from nominal C
measurement value from
nominal to max ac voltage
Measurement drift, max + 1% opacity
deviation from nominal
measurement value from
nominal to min ac voltage
Zero drift from nominal to min | + 1% opacity
ac voltage without
compensation
Zero drift from nominal to min | £ 1% opacity
ac voltage with compensation
Span drift from nominal to min | % 1% opacity
ac voltage without
compensation
Span drift from nominal to min | + 1% opacity
ac voltage with compensation
Zero drift from nominal to max | £ 1% opacity
ac voltage without
compensation
Zero drift from nominal to max | + 1% opacity
ac voltage with compensation .
Span drift from nominal to + 1% opacity
max ac voltage without :
compensation
Span drift from nominal to * 1% opacity
max ac voltage with
compensation

FIG. X1.1 Data Summary Form (continued)
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3. Performance Specifications Verified by Tests Prescribed for Each Specific Opacity
Monitor.

The following tests were performed individually on the specific instrument described in the
beginning of this test report. Further, the following signatures attest to the fact that the design and
performance specifications tested on previous opacity monitors, as déscribed in Sections 1 and 2,
are representative of the design and performance of this specific monitor.

TESTS PERFORMED BY:

DATE:

TEST DATA REVIEWED AND CERTIFIED BY:

- L DATE:
3.1 Calibration error
Filter Specify Group, | Actual Filter Specified Cal Actual Cal
' Group I'or 11 Value Error Error
Low Group : 3% ' '
Mid Group 3%
High Group ) 3%

- Note: Group I filters are 5-10, 10-20, 20-40 percent opacity (low, mid, high) .
Group I ﬁlters are 10-20, 20-30, 30-60 percent opacn:y (low mid, hxgh)

32 Mtsalzgnment indication

This opacity monitor uses (a) manual alignment and visual alignment sighting device (Y. /N)
or b) automatic beam steering (Y/N)

3.2.1 For manually aligned opacity monitors with visual alignment sighting indicator:

" A. Rotational misalignment

Parameter

Specification

Test Result

Nominal measurement value

0-10% opacity

Indication of centered alignment

Acceptable? (Y/N)

Clear indication of misalignment for rotational
misalignment for transceiver/transmitter in
upward vertical direction which causes 2%
opacity change

Acceptable? (Y/N)

Clear indication of misalignment for rotational
misalignment for transceiver/transmitter in
downivard vertical direction which causes 2%
opacity change

Acceptable? (Y/N)

Clear indication of mlsahgnment for rotational
mnsahgnment for transcelver/transrmtter in
horizontal nght dlrectlon whlch causes 2%
opacrcy change ‘ :

Acceptabie? (Y/N)

Acceptable? (Y/N)

Clear mdlca‘aon of nusallgnment for rotational

FIG x1.4 Data Summary Form (contlnuad)
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misalignment for transceiver/transmitter in
horizontal left direction which causes 2%
opacity change

B. Laf’eral nﬁsaligxment, same test conditions

Parameter Specification Test Result
Clear indication of misalignment for lateral Acceptable? (Y/N)

movement to the left which causes 2% opacity

change

Clear indication of misalignment for lateral Acceptable? (Y/N)

movement to the right which causes 2% opacity

change

Clear indication of misalignment for lateral Acceptable? (Y/N)

movement in upward direction which causes 2%
opacity change Clear indication of misalignment
with above movement

Clear indication of misalignment for lateral Acceptable? (Y/N)
movement in downward direction which causes
2% opacity change Clear indication of
misalignment with above movement

3.2.2 For opacity monitors with automatic beam steering,

Parameter Specification Test Result
Nominal measurement value 0-10% opacity 4
Indication of centered alignment Acceptable? (Y/N)

Degree of rotational misalignment for Mfpgr to specify

transceiver/transmitter in upward vertical
direction which triggers alarm
- Degree of rotational misalignment for Mfgr to specify
' transceiver/transmitter in downward vertical
direction which triggers alarm
Degree of rotational misalignment. for Mfgr to specify
“transceiver/transmitter in horizontal right '
' direction which triggers alarm
Degree of rotational misalignment for Mfer to specify
transceiver/trafsmitter in horizontal left )
_direction which triggers alarm

FIG. X1.1 Data Summary Form (continued)
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Parameter Specification Test Result
Lateral movement of transceiver/transmitter in | Mfgr to specify movement
upward vertical direction which causes an
indication of misalignment

‘What is maximum deviation of opacity from £ 2% opacity
nom when opacity monitor is misaligned as
above from centered to value noted?
Lateral movement of transceiver/transmitter in | Mfgr to specify movement
downward vertical direction which causes an
indication of misalignment

What is maximum deviation of opacity from < 2% opacity
nom when opacity monitor is misaligned as
above from centered to value noted?
Lateral movement of transceiver/transmitter in | Mfgr to specify movement
horizontal right direction which causes an ‘

indication of misalignment
What is maximum deviation of opacity from < 2% opacity
nom when opacity monitor is misaligned as
above from centered to value noted? _
Lateral movement of transceiver/transmitter in | Mfgr to specify movement
horizontal left direction which causes an
indication of misalignment

What is maximum deviation of opacity from < 2% opacity
nom when opacity monitor is misaligned as
above from centered to value noted?

3.3 Spectral Response Repeatability

Date of photopic filter calibration
Peak transmission of photopic fiiter
Calculated nominal response of analyzer to photopic filter , % opacity
Calculated allowable variation of the response to photopic filter:

OP, high , OP, low
Above opacity values converted to stack exit values according to the specific PLCF (OPLR)
established for this installation: PLCF (OPLR)

OPc, nom , OPc, high , OP¢, low .
Actual measured response of the instrument to listed photopic filter -~ % opacity -
Is measured response within previously calculated range (Y/N)

: FIG. X1.1 Data Summary Form (continued)
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3.4 Intrinsic opacity monitor settings/adjustments
List all configurable parameters to obtain the performance described in this report. These

parameters typically include calibration check intervals, calibration check correction, procedure
settings relating to flange-to-flange separation distance, range, averaging time, alarins, etc.

4. Quality Assurance Program
4.1 180, ANSI/ASQC, or other Quality System Certification

Is the company which prepared this report certified according to ISO quality standards,
ANSFASQC (QC 90 or 91) or other applicable quality standard (Y/N) . Ifso, to
what classification and on what date . Attach certificate
of such designation as attachment C.

4.2 QA Guideline Compliance

Has the company which prepared this document established and maintained a QA/QC program
that is in compliance with the guidelines specified in the ASTM SPXXXXX, (Y/N) CIf
so, please attach a description of the quality program in attachment C, and indicate the person
responsible for the integrity of this quality program

Suppliers who comply with 4.1 and not 4.2 are required to supply all supporting test data with this
report.

FIG. X1.1 Data Summary Form (continued)

The American Soclely for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entlraly their own responsibifity.

Thig standard is subject to revision at any time by tha responsible technical committee and must be reviewed every five years and
if not revised, efther reapproved or withdrawn. Your comments are invited elther for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committes, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Commitiee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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QHW Designation: D 6228 — 98

- Standard Test Method for

Determination of Sulfur Compounds in Natural Gas and
Gaseous Fuels by Gas Chromatography and Flame

Photometric Detection’

This standard is issued under the fixed designation D 6228; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superseript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method provides for the determination of
individual volatile sulfur-containing compounds in gaseous
fuels by gas chromatography (GC) with flame photometric
detection (FPD). The detection rarige for sulfur compounds is
from 20 to 20 000 ;a)icograms (pg) of sulfur. This is equivalent
t0 0.02 to 20 mg/m” or 0.014 to 14 ppmv of sulfur based upon
the analysis of a 1-mL sample.

1.2 'This test method describes a GC-FPD method using a
specific capillary GC column. Other GC-FPD methods, with
differences in GC column and equipment setup and operation,
may be used as alternative methods for sulfur compound
analysis with different range and precision, provided that
appropriate separation of the sulfur compounds of interest can
be achieved.

1.3 This test method does not intend to identify all indi-
vidual sulfur species. Total sulfur content of samples can be
estimated from the total of the individual compounds deter-
mined. Unknown compounds are calculated as monosulfur-
containing compounds.

1.4 The values stated in SI units are to be regarded as
standard. The values stated in inch-pound units are for infor-
mation only.

1.5 This standard does not purport 1o address all the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1072 Test Method for Total Sulfur in Fuel Gases®

D 1265 Practice for Sampling Liquefied Petroleum (LP)
Gases-Manual Method®

D 1945 Test Method for Analysis of Natural Gas by Gas
Chromatography?

! This test method is under the jurisdiction of ASTM Committee D-3 on Gaseous
Fuels and is the direct responsibility of Subcommittee D03.05 on Determination of
Special Constituents of Gaseous Fuels.

Current edition approved March 10, 1998. Published May 1998,

2 Annual Book of ASTM Standards, Vol 05.05.

3 Annual Book of ASTM Standards, Vol 05.01.
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D 3609 Practice for Calibration Techniques Using Perme-
ation Tubes*

D 4468 Test Method for Total Sulfur in Gaseous Fuels by
Hydrogenalysis and Rateometric Colorimetry?

D 4626 Practice for Calculation of Gas Chromatographic
Response Factors’

D 5287 Practice for Automatic Sampling of Gaseous Fuels?

D 5504 Test Method for Determination of Sulfur Com-
pounds in Natural Gas and Gaseous Fuels by Gas Chro-
matography and Chemiluminescence Detection?

E 840 Practice for Using Flame Photometric Detectors in
Gas Chromatography®

2.2 EPA Standards:

EPA~15 Determination of Hydrogen Sulfide, Carbonyl Sul-
fide and Carbon Disulfide Emissions from Stationary
Sources, 40 CFR, Chapter 1, Part 60, Appendix A

EPA-16 Semicontinucus Determination of Sulfur Emis-
sions from Stationary Sources, 40 CFR, Chapter 1, Part
60, Appendix A

3. Terminology

3.1 Abbreviations:

3.1.1 A common abbreviation of a hydrocarbon compound
is to designate the number of carbon atoms in the compound.
A prefix is nsed to indicate the carbon chain form, while a
subscript suffix denotes the number of carbon atoms, for
example, normal decane = n-C,q, isotetradecane = i-C,.

3.1.2 Sulfur compounds commonly are referred to by their
initials, chemical or formula, for example, methyl mercaptan =
MeSH, dimethyl sulfide = DMS, carbonyl sulfide = COS,
di-z-butyl trisulfide = DtB-TS, and tetrahydothiophene = THT
or thiophane.

4. Summary of Test Method

4.1 Sulfur analysis ideally is performed on-site to eliminate
potential sample deterioration during storage, The reactive
nature of sulfur components may pose problems both in
sampling and analysis. Samples should be collected and stored
in containers that are nonreactive to sulfur compounds, such as

* Annual Book of ASTM Standards, Vol 11.03.
% Annual Book of ASTM Standards, Vol 05.02,
S Annual Book of ASTM Standards, Vol 14,02,
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Tedlar? bags. Sample containers should be filled and purged at
least three times to ensure representative sampling. Laboratory
equipment also must be inert, well conditioned, and passivated
with a gas containing the sulfur compounds of interest to
ensure reliable results. Frequent calibration and daily verifica-
tion of calibration curve using stable standards are required.
Samples should be analyzed within 24 h of collection to
minimize sample deterioration. If the stability of analyzed

sulfur components is proved experimentally, the time between '

collection and analysis may be lengthened

42 A 1-mL sample of the fuel gas is injected into a gas
chromatograph where it is passed through a 60-m, 0.53-mm
inside diameter (ID), thick film, methy] silicone liquid phase,
open tubular partitioning column, or a similar column capable
of separating sulfur components.

4.3 Flame Photometric Detectors—When combusted in a
hydrogen-rich flame, sulfur compounds emit light energy
characteristic to all sulfur species. The light is detected by a
photomultiplier tube (PMT), The PMT response is proportional
to the concentration or the amount of sulfur. All sulfur
compounds including sulfur odorants can be detected by this
technique.

4.4 Other Detectors—This test method is written primarily l

for the flame photometric detector. The same gas chromato-
graphic (GC) method can be used with other sulfur-specific
detectors provided they have sufficient sensitivity and selectiv-
ity to all sulfur compounds of interest in the required measure-
ment range.

4.5 Other GC Test Methods—The GC test methods using
sulfur chemiluminescence, reductive rateometric, and electro-
chemical detectors are available or under development.

5. Significance and Use

5.1 Many sources of natural gas and petroleum gases
contain varying amounts and types of sulfur compounds, which
are odorous, corrosive to equipment, and can inhibit or destroy

catalysts used in gas processing. Their accurate measurement is.

essential to gas processing, operation, and utilization,

5.2 Small amounts, typically, 1 to 4 ppmv of sulfur odorant
compounds, are added to natural gas and liquefied petroleum
(LP) gases for safety purposes. Some odorant compounds can
be reactive and may be oxidized, forming more stable com-
pounds having lower odor threstiolds, These gaseous fuels are
analyzed for su]fur odorants to help ensure appropriate odorant
levels for safety.

5.3 This test method offers a technique fo determine indi-
vidua] sulfur species in gaseous fuel and the total sulfur content
by calculation. Gas chromatography is used commonly and
extensively to determine other components in gaseous fuels
including fixed gas and organi¢ components (see Test Method
D 1945). This test method dictates the use of a specific GC
technique with one of the more common detectors for mea-
surement. ‘

6. Apparatus ‘
6.1 Chromatograph—~—Any gas chromatograph that has the

7 Registered trademark, Availsble from DuPont de Nemours, E. I, & Co., Inc.,
Barley Mill Plaza, Bldg. 10, Wilmington, DE 19880-0010.
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following performance characteristics can be used.

6.1.1 Sample Inlet System—Gas samples are introduced to
the gas chromatograph using an automated or manually oper-
ated stainless steel gas sampling valve enclosed in a heated
valve oven, which must be capable of operating continuously
at a temperature of 50°C above the temperature at which the
gas was sampled. TFE-fluorocarbon tubing made of fluorinated
ethylene propylene (FEP), 316 stainless steel tubing, or other
tubing made of nonpermeable, nonsorbing, and nonreactive
materials, as short as possible and heat traced at the same
temperature, should be used for transferring the sample from a
sample container to the gas-sampling valve. A 1.0-mL sam-
pling loop made of nonreactive materials, such as deactivated
fused silica or 316 stainless steel is used to avoid possible
decomposition of reactive sulfur species. Other size fixed-
volume sampling loops may be used for different concentration
ranges. A 1- to 2-m section of deactivated precolumn attached
to the front of the analytical column is recommended. The
precolumn is connected directly to the gas sampling valve for
on-column injection. The inlet system must be well condi-
tioned and evaluated frequently for compatibility with trace
quantities of reactive sulfur compounds, such as rers-butyl
mercaptan.

6.1.2 Digital Pressure Transmitter—A calibrated stainless
steel pressure/vacuum transducer with a digital readout may be
equipped to allow sampling at dlfferent pressures to generate
calibration curves.

6.1.3 Column Temperature Programmer—The chromato-
graph must be capable of linear progra.mmed temperature
operation over a range from 30 to 200°C, in programmed rate
settings of 0.1 to 30°C/min. The programming rate must be
sufﬁciently reproducible to obtain retention time repeatability
of 0.03 min (3 s). .

6.1.4 Carrier and Detector Gas Control—«Constant flow
control of carrier and detector gases is critical to optimum and
consistent analytical performance. Control is best provided by
the use of pressure regulators and fixed flow restrictors. The
gas flow rate is measured by any appropriate means and the
required gas flow indicated by the use of a pressure gage. Mass
flow controllers, capable of maintaining gas flow constant to
*+1 % at the required flow rates also can be used. The supply
pressure of the gas delivered.to the gas chromatograph must be
at least 69 kPa (10 psi) greater than the regulated gas at the
instrument to compensate for the system back pressure. In
general, a supply pressure of 552 kPa (80 p51g) will be
satisfactory.

6.1.5 Detector—A flame photomemc detector cahbrated m

the sulfur-specific mode is used for this test method. Other.

detectors as mentioned in 4.4 will not be covered in this test
method. This detector may be obtained from various manufac-
turers; however, there are variations in design. The pulsed
flame photometric detector (PFPD) is one of the new FPD

designs. The pressure and flow rate of the hydrogen and air.

gases used in the detector may be different. The selection of
which detector to use should be based on its performance for

the intended application. The detector should be set according.

to the manufacturer’s specifications and tuned to the best
performance of sensitivity and selectivity as needed.
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6.1.5.1 When sulfur-containing compounds are burned in a
hydrogen-rich flame, they quantitatively produce a 8,* species
in an excited state (Eq 1 and Eq 2). The light emitted from this
species is detected by a photomultiplier tube (PMT) (Eq 3). A
393-nm bandpass optical filter normally is used to enhance the
selectivity of detection. The selectivity normally is about 10* to
1 by mass of sulfur to mass of carbon.

RS+ 0, = nCO, + SO, ()

280, + 4H, — 4H,0 + Sy* (2)
8% 58, + kv 3
where:
hv = emitted light energy.

6.1.5.2 The intensity of light is not linear with the sulfur
concentration but is proportional approximately to the square
of the sulfur concentration. The relationship between the FPD
response (Rp) and the sulfur concentration (S) is given by Eq
4 and Eq 5. The n-factor usually is less than 2.0.

Rp o [ST"
Log[$]a l/nLog R

©)
®

where:
n = expopential factor (1.7 to 2.0).

6.1.5.3 The linear calibration curve can be made using a
log-log plot. Some instruments use an electronic linearizer to
produce a signal with direct linear response. The dynamic
range of this linear relationship is about 1 X 10°.

6.2 Column—A 60- by 0.53-m ID fused silica open tubular
column containing a 5-pm film thickness of bonded methyl
siliconie liquid phase is used. The column shall provide
adequate retention and resolution characteristics under the
experimental conditions described in 7.3. Other columns,
which can provide equivalent separation can be used, as well,

6.3 Data Acquisition:

6.3.1 Recordéer—A 0- to 1-mV range recording
potentiotheter or equivalent, with a full-scale response time of
2 8 or leds can be used.

6.3.2 Integrator—The use of an electronic integrating
device or computer is recommended. The device and software
must have the following capabilities:

6.3:2.1 Graphic presentation of the chromatogram.

6.3.2.2"Digital display of chromatographic peak areas.

6.3.2.3 Tdentification of peaks by retention time or relative
retention time, ot both.

7. Reagents and Materials

7.1 Sulfur Permeation Tube Standards—Gaseous standards
gererated 'from  individual or a combination of certified
permeation tubes at a-constant temperature and flow rate shall
be used for-all calibrations. Each permeéation tube will be
weighed to the nearest 0.1 mg on a periodic basis after the
permeation rate has equilibrated and rémains constant. The
standard concentration is calculated by mass loss and dilution

gas flow rate, Impurities permeatéd from each tube must be

detected, measured, and accounted for in the mass loss, if they

are present above a level of 0.1 % of the permeated sulfur

species. See Practice D 3609.
7.2 Compressed Cylinder

Gas Standards—As an

142

alternative, blended gaseous sulfur standards may be used if a
meanhs 'to ensure accuracy and stability of the mixture is
available. These mixtures can be a source of error if their
stability during storage cannot be guaranteed.

Note 1—Warning: Sulfur cdmpounds may be flammable and harmful
or fatal if ingested or inhaled.

7.3 Carrier Gas—Helium or nitrogen of high purity
(99.999 % min purity) (Warning—See Note 2). Additional
purification is recommended by the use of molecular sieves or

other suitable agents to remove water,

oxygen, and

hydrocarbons. Available pressure must be sufficient to ensure a
constant carrier gas flow rate (see 6.1.4).

Note 2—Warning: Helium and nitrogen used are compressed gases

under high pressure.

7.4 Hydrogen—Hydrogen of high purity (99.999 % min
purity) is used as fuel for the flame photometnc detector (FPD)
(Warning-—See Note 3).

Note 3—Warning: Hydrogen is an extremely flammable gas under

high pressure.

7.5 Air—High-purity (99.999 % min purity) compressed air
is used as the oxidant for the flame photometric detector (FPD)
(Warning—See Note 4),

Note 4--Warning: Compressed air is a gas under high pressure that

supports combustion.

8. Preparation of Apparatus and Calibration

8.1 Chromatograph—Place in service in acéordance with
the manufacturer’s instructions. Typical operating conditions
are shown in Table 1 .

8.2 FPD—Place the detector in service in accordance with
the manufacturer’s instructions, Hydrogen and air flows are
critical and must be adjusted proper[y in accordance Wwith the
instruction farnished by the manufacturer. With the FPD flame
1gmted monitor the signal to verify comphance with the signal
noise and drift specified by the mantifacturer. The FPD flame
should be maintained to give cons1stent and optimum
sensitivity for the detection range,

8.2.1 Sample Injection—A sample loop of 1.0 mL of
suitable size for sample injection may be used for performance
check, A linear calibration curve may be determined by using
standards of varying concentrations or by injecting a single
calibration standard at different pressures from 13.3 to 133 kPa
(100 to 1000 torr). If the latter method is used, the
concentration of sulfur component for calibration is calculated
using the following equation.

Sy = (PJP) X C, ©)

‘ TABLE 1 Gas Chromatographic Operating Parameters

Gas Sarmple Loop:
injection Type:
Carrier Gas:
Column Oven:

Detactor:

1.0 mL at 120°C

On-column

He at 11.0 ml/min or at a flow rate allowing C)H4
alutes at approximately 2.1 min

30°C hold 1.5 min, 15°C/min to 200°C, hold 8 min, or
as nesded

Hao/alr ratio specifiad by manufacturer, 250°C, 20
mb/min, helium makeup gas
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calculated concentration of the sulfur compound in
the sampled gas on mole or volume basis,

P, = sampling pressure as absolute,
P, = laboratory ambient pressure as absolute, and
C, = concentration of the sulfur compound in the

calibration standard.

8.2.2 Detector Response Calibration—Analyze the
calibration gas and obtain the chromatograms and peak areas.
Determine the linear range of detector response using sample
injection techniques illustrated in 8.2.1, A log/log plot or a
linearized plot may be constructed with the linear correlation

factor calculated. Calculate the relative sulfur response factor

of each sulfur compound at ambient pressure by:

F, = (S/4) XL,
where:
F, = sulfur response factor of compound, ‘
S, = concentration of the sulfur compound in the sampled: « -
gas on mole or volume basis,
A, = peak area of the sulfur compound measured, and
L, = moles of sulfur in the compound.
Example

@

quenching effect on sulfur detection as a result of the formation
of a large amount of carbon dioxide in the flame suppressing
the formation of 80,. The quenching can be minimized by
optimizing the chromatographic conditions to separate the
sulfur components of interest from large hydrocarbons present

. in the sample matrix. A flame ionization detector (FID) or

Assume 1.0 ppmv of dlmethyl sulfide (DMS) m_]ected w1th a-

1.0-mL sariple loop.
l-ppmv DMS = 62.13/22. 41 = 2772 mg/m
2 ). 1.0 mL of 1-ppmv DMS = 2772-pg DMS =

(from Table

thermal conductivity detector (TCD) can be used to identify the
presence of interfering hydrocarbons. Sample dilution or
injection of a smaller volume of sample may be used to
alleviate the quenching effect if sulfur concentration is
significantly higher than the method detection limit.

8.2.3.2 Self-Quenching—In other cases, the reverse of the
reaction shown in Eq 3 produces self-quenching. This arises

' when the emitted light is reabsorbed before reaching the

photomultiplier. It occurs when a very large concentration of
any sulfur species is present in the flame above and beyond the
linearity range of the detector. It often generates an M-shape
peak with the inverted signal at a component’s peak apex,

“which mistakenly can’ be identified as two close eluting

compounds, Sample dilution or smaller sample injection may
eliminate this effect.

8.3 Chromatography——-A chromatogram of typical natural
gas analysis: is illustrated in Fig. 1 (relative response versus
retention tlme) The retention "times of selected sulfur

‘components are listed for reference (Table 3 ). They may vary

272 X

51.61 % = 1430-pg S. If the peak aréa of DMS response is

15 850 counts, the response factor F,, (S/peak) is 1430/15 850
X 1 =9.02 X 10% (pg sulfur/unit area) The response factor
(F,) of 1.0- mLmJectlon =1 0/15 850 X 1 =63 X 10‘6 (ppmv
DMS/unit area). '

All mono-sulfur compounds should have approximately the
same response factor. The response factor (F,,) of each sulfur
compound should be within 10 % of F, for dimethyl sulfide,
The day-to-day variation of F, should not be greater than 5 %.
The detector should be maintained and flow rates readjusted to
optimize the detector performance if F,, exceeds this limitation,
Table 2 lists common sulfur cempounds found in gaseous fuel
and their properties for calculation. : Bt

8.2.3 Interferences—There ate two types of mterferences
that must be minimized for reliable quantitation.

8.2.3.1 Hydrocarbon Quenching—Hydrocarbons produce &

TABLE 2 Physical Propérties of Gommon Sulfur Compounds

v

Relative s
. . Molécular Mass. " Bailing Point« Vapor Préssure
Comgound (Moleoular %5 °C kPa at 37,78°C
Waight)
HaS 34.08 94.00 .-60.3 . e
cos 60.08 53.37 502 P ’
MeSH-, - w4811 86,66 , - 6.2- .. - 214,
EtSH 6213, .  51.61. 380 12 .
¢ DMS Coe18 81.61 373 03, -
CS, T 78,14 84.23 48.5 a0
IPrSH 7616 4210 . - 528 - 61
TBM 90.19 35.55 64.0 41
nPrSH: 76.16 " 4210 67.0 35
MES . 76.16 - 42,10 87.0 . 36
THT . 8847 36.97 . 120 . 4.6
di-EtS 90.19 35.55 92,0 .
DMDS 94.20 68.08 109.7
di-Et-DS 112225 5246 - "154,0

considerably depending on the chromatographic conditions.

The eluting sequence and spread of sulfur peaks and their peak
shape should remain the same. Adequate resolution defined as
baseline separation of adjacent peaks shall be achieved. The
baseline separation of two peaks is‘défined as the FPD sighal
of the first compound returns to a pomt at least below 5 % of
the smallest peak of two.

9, Procedure .- - S . oy
9.1 Samplmg and Prepamtzon of Sample Alzquots o
9.1.1 Gas Samples—Samples should be supplied to the.

laboratory ‘in specially conditioned high-pressure sample

containers or in Tedlar” bags at atmospheric pressure. The
sample must be analyzed as soon as poss1b1e, preferably within

24 h of sampling,' s i
9.2 Instrument Setup—Set up the GC-FPD in accordance

with the chromatograph operating parameters listed in Table 1,
93 Instrument Performance—Analyze selected standards

to verify the chromatographw performance (see 8.3), retenmon‘

times (Table 3), and the response “factors (see 8.2.2). The'
calibratien made at the beginning and the énd of each run or

series of runs w1thm 24-h period shall not exceed *5%.
9.4 External Standard Calibration—At least twice a day.¢ or,

as frequently as necessary, analyze the calibration standard mix

to ‘verify the calibration curve determmed in 8.2.1 and .8.2.2

and determine the standard résponse factors for’ the sample

analysis. :

9.5 Sample Analysis—Evacuate and purge the linés from the’
sample container through the sample loop in the gas
chromatograph Inject 1.0 mL with a gas sampling valve as in

8.2.1. If the ‘sample size exceeds the linear range of the

detector, reduce' the sample ‘size using a smaller loop or lower

sampling pressure, Run the analyms in accordance with the

condltlons specified in Table 1. Obtain the chromatographic
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GQCIFPD Sulfur Chromatogram
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FIG. 1 Chromatogram of a Composite Odorized Natural Gas

TABLE 3 Retentlon Times of Varlous Sulfur Components
RT, min  Compound’ AT, nin  Compoimnd AT, min  Compound

2.09 méthane 5.50 CS, 11.23 M-Pr-D8
220 ethane 5.80 IPrsH 1162 ~ DEDS
245 H,S 6.45 TBM 11.74 M-nPr-DS
2.55 COs 6.70 nPr3H 11.90 M-tB-DS
2.85 propane 6.80 MES, 12.35 DMTS
3.00 Fbutane 7.80 thiophene 12.87 E-nPr-DS
3.40 n-butane 8.25 DES 12.98 DiPr-DS
3.52 MeaSH 9.00 DMDS 13,50 iPrtB-DS
4.60 Fpentans 8.42 Mthiophenes  13.65 iPr-nPr-DS
4.76 EtSH 9.95 THT 14.36 DtB-DS
4.90 npentane 10,37 MEDS . 14.55 DEt-TS
510 DMS 11.00 Cysthiophenes 17.15 . DiB-TS

data ‘by means of a potentiometric record (graphic), digital
integrator, or computer-based chromatographic data system.
Examine the graphic display or digital data for any errors, for
example, over-range component data, and repeat the injection
and analysis, if mnecéssary. "The difference between
corresponding peak areas of repeated runs, should not exceed
5 %.

9.6 Compound Identzﬁcatzon—-—Sulfur compounds are
identified by their retention times established during
calibration, All compounds without matching standards are
identified as individual unknowrs.

10.: Calculatlon

10.1 Determine the chromatographlc peak area of each
component and use the response factor (Eq 7) obtained from
the calibration run to calculate the amount of each sulfur
compound present corrécted for injection pressure. The amount

of each unknown sulfur compound is calculated using the
response factor of the closest adjacent identified compound,
unless that compound shows abnormal peak shape.

Cu = (AJF) (PJP)I L, ®

C, = concentration of the sulfur compound in the gas on
mole or volume basis,

A, = peak area of the sulfir compound measured,
F, = sulfur response factor of compound,

P, = laboratory ambient pressure,

P, = sampling pressure, and

L, = moles of sulfur in the compound.

11. Report

11.1 Report the identification and coneentration of each
individual sulfur compound in ppmv. Repart the sum of all
sulfur components detected to the nearest ppmv or pg as total
sulfur.

12. Precision and Bias

12.1 Precision—The precision of this test method is
determined based on a sulfur standard mix in methane, which
is stable during the testing period. The statistical examination
of the laboratory test results is as follows:

12.1.1 Repeatability (Single-Operator and Apparatus)—
The difference between successive test results obtained by the
same operator with the same apparatus under constant
operating conditions on identical test material would, in the
long run, in the normal and correct operation of this test

144
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method, exceed the following values by only one case in  Laboratories)—Since reference samples stable over a long
twenty. testing period, which are required for this determination, are
Sulfur Compound ppmy Repeatability not available at this time, reproducibility cannot be determined.

12.2 Bias—Since there is no accepted reference material for

"
332 §g§ ;3;?2 determining the bias, no statement on bias can be made.
NPM .72 . 042 S o SRR
DMDS - L. 200 ' ¢ %006 - .13, Keywords
THT 6.44 x0.08 . v

12 1.2 Repraduczbzltty (Dzﬁ”erent Operators, Apparatus and  sulfur compounds, odorants

-) kS

The American Soclety for Tasting and Materials takes ro position respecting the validity of any patent rights assérted In connection
with any item mentionad in this standard, Users of this standard are expressly advised that determination of the valldity of any such
i patent rights, and the risk of /nlrlngement of such rights, are entirely the/r own rasponmb//lty

This standard is subject to revision at any time by the resp'onsibfe technica/ committee and must be reviswed évery five years and
it not revised, elther reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
. and shouid be addressed to ASTM Headquarters. Your comments will raceive careful consideration at a méeting of the rasponsible -«
technical committes, which you may attend. If you feel that your comments have not recelved a falr hearing you should make your
views known to the ASTM Comrmttes on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428 .

145

" 13.1 flame photométric detection, gavs éhromatography;-
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QH-“') Designation: D 6420 — 99

Standard Test Method for

Determination of Gaseous Organic Compounds by Direct
Interface Gas Chromatography-Mass Spectrometry’

This standard is issued under the fixed dcs1gnauon D 6420; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A mimber in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method employs a direct interface gas
chromatograph/mass spectrometer (GCMS) to identify and
quantify the 36 volatile organic compounds (or sub-set of these
compounds) listed as follows. The individual Chemical Ab-
stract Service (CAS) numbers are listed after each compound.

Benzene-71432 Methylens chloride-75002
Bromodichloromethane-75274 1,1,2,2-Tetrachloroethane-79349
Carbon disulfide-76150 1,1,1-Trichloroethane-71556
Chiloroform-67663 1,1,2-Trichloroathane-79005
Methy! iso-Buty! ketone-108101 p-Xylene-106423
Styrens-100425 Bromomethane-74839
Tetrachloroethylene-127184 Carbon tetrachloride-56235
Toluene-108883 Chlorobenzene-108907
Bromoform-75252 ¢-1,3-Dichloropropene-10061015
Vinyl acetate-108054 1,2-Dichlorosthane-156592
Vinyl chloride-75014 1,1-Dichlorosthene-75354
Chloromethane-74873 t-1,2-Dichloroethens-156605
cig-1,2-Dichlorosthene-156592 Methyl ethyl ketone-78933
Dibromochloromethane-124481 2-Hexanone-591786
1,1-Dichloroethans-107062 1-1,3-Dichioropropene-542756
1,2-Dichloropropane-78875 Trichloroethene-79018
Ethylbenzene-100414 m-Xylens-108383

Ethyl chloride-75003 0-Xylene-95476

1.2 The test method incorporates a performance-based ap-
proach, which validates each GCMS analysis by placing
boundaries on the instrument response to gaseous internal
standards and their specific mass spectral relative abundance.
Using this approach, the test method may be extended to
analyze other compounds.

1.3 The test method provides on-sile analysis of extracted,
unconditioned, and unsaturated (at the instrument) gas samples
from stationary sources. Gas streams with high moisture
content may require conditioning to prevent moisture conden-
sation within the instrument. For these samples, quality assur-
ance (QA) requirements are provided in the test method to
validate the analysis of polar, water-soluble compounds.

1.4 The instrument range should be sufficient to measure the
listed volatile organic compounds from 150 ppb(v) to 100
ppm(v), using a full scan operation (between 43 and 300
atomic mass units). The range may be extended to higher or
lower concentrations using either of the following procedures:

1.4.1 The initial three-point calibration concentrations and

!'This test method is under the jurisdiction of ASTM Committee D-22 on
Sampling and Analysis of Atmospheres and is the direct responsibility of Subcom-
mittee D22.03 on Ambient Atmospheres and Source Emissions.

Current edition approved May 10, 1999, Published July 1999.

Copyright ©® ASTM, 100 Barr Harbar Drive, West Conshohocken, PA 19428-2968, United States,
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the continuing calibration checks are adjusted to match the
stack concentrations, or

1.4.2 The three-point calibration is extended to include
additional concentrations to cover the measurement range.

1.5 The minimum quantification level is 50 % of the lowest
calibration concentration. Responses below this level are
considered to be estimated concentrations, unless a calibration
standard check is conducted at a lower concentration to
demonstrate linearity. The sensitivity of the GCMS measure-
ment system for the individual target analytes depends upon:

1.5.1 The specific instrument response for each target ana-
Iyte and the number of mass spectral quantification ions
available.

1.5.2 The amount of instrument noise, and

1.5.3 The percent moisture content of the sample gas.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Additional safety
precautions are described in Section 9.

2. Referenced Documents

2.1 ASTM Standards:

D 1356 Terminology Relating to Sampling and Analysis of
Atmospheres?

D 3195 Practice for Rotameter Calibration®

2.2 EPA Test Methods:

Method 1-Sample and Velocity Traverses for Stationary
Sources?

Method 2-Determination of Stack Gas Velocity and Volu-
metric Flow Rate (Type $ Pitot Tube)?

Method 3~Gas Analysis for Carbon Dioxide, Oxygen, Ex-
cess Air, and Dry Molecular Weight?

Method 4-Determination of Moisture Content in Stack
Gases®

Method 624-Purgables®

2 Annual Book of ASTM Standards, Vol 11.03.

3 Code of Federal Regulations 40 CFR Part 60, Appendix A, available from
Superintendent of Documents, U.S. Government Printing Office, Washington, DC
20402.

*Code of Federal Regulations 40 CFR Part 136, Appendix A, available from
Superintendent of Documents, U.S. Government Printing Office, Washington, DC
20402.
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3. Terminology

3.1 See Terminology D 1356 for definition of terms used in
this test method.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 blank analysis, n—injecting zero air or nitrogen into
the GCMS to determine background levels of the target
analytes.

3.2.2 CCC, n—continuing calibration check—injecting
calibration gas standards into the GCMS to verify the calibra-
tion status.

3.2.2.1 Discussion—The continuing calibration check is
performed before each testing day, before resuming sampling
after instroment shutdown or malfunction, and before resuming
sampling after 12 h of continuous instrument operation.

3.2.3 quantification ion, n—a specific ion in the analytes
mass spectrum that is used for quantification.

3.2.4 system calibration, n—calibration obtained by inject-
ing the calibration standard(s) through the entire sampling
systern.

3.2.5 system zero, n—zero obtained by injecting dry nitro-
gen or zero gas through the entire sampling system to deter-
mine the system background levels of the target analytes.

4. Summary of Test Method

4.1 Analysis—Volatile Organic Hazardous Air Pollutants
(VOHAP) are analyzed using gas chromatography (GC) to
separate the individual compounds and mass spectrometry
(MS) to identify the compounds. The MS scans a defined mass
range (usually from 45 to 300 atomic mass units (amu) for
combustion sources) to identify the specific fragments for each
molecule, The target analytes are identified positively by: (7)
comparing eluting analyte GC peak retention times in the total
ion chromatograph (TIC) to those contained in a three-point
calibration, and (2) examining the mass spectral pattern of the
eluted peaks. Internal standards are used to correct for
hardware-related errors such as different injection volumes,
operational temperature fluctuations, and electron multiplier
drift.

4.2 Sampling—Samples are extracted from the stack or duct
at a constant rate, filtered, conditioned (if required), and
transported to the GCMS for analysis. Calibration gases are
introduced at the extractive probe outlet, upstream of the
primary particulate filter. All sample extraction components are
maintained at temperatures that prevent moisture condensation
within the measurement system components. :

5, Significance and Use

5.1 This field test method determines the mass concentra- .

tion of VOHAPs (or any subset) listed in Section 1.

5.2 Multiplying the mass concentration by the effluent
volumetric flow rate (see 2.2) yields mass emission rates.

5.3 This field test method employs the typical laboratory
GCMS techniques and QA/QC procedures.

5.4 This field test method provides data with accuracy and

precision similar to most laboratory GCMS instrumentation.

Note I-ﬂSupportmg data are available from ASTM Headquarters
Request RRi___
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6. Interferences

6.1 Analytical Interferences—Analytical interferences oc-
cur when chromatographic peak(s) and quantification ion(s)
overlap to such an extent that quantification of specific target
compounds is prohibited. The nature of the GCMS technique
virtually eliminates these types of analytical interferences.
However, compounds having very simple mass spectra (that is,
only one or two mass fragments) may be difficult to identify
positively.

6.2 Sampling System Interferences—Sampling system inter-
ferences occur when target analytes are not transported to the
instrumentation or when compounds damage the measurement
system components. Water, reactive particulate matter, adsorp-~
tive sites within the sampling system components, and reactive
gases are examples of such potential sampling system interfer-
ences. Specific provisions and performance criteria are in-
cluded in this test method to detect and prevent the presence of
sampling system interferences.

7. Apparatus

7.1 Analytical Instrumentation:

7.1.1 Gas Chromatograph/Mass Spectrometer (GCMS), ca-
pable of separating the analyte mixture and detecting com-
pounds in the 45 to 300 atomic mass unit (amu) range.

7.1.2 Personal Computer, with compatible GCMS software
for control of the GCMS and for data quantification.

7.2 Sampling System:

7.2.1 Sampling Probe, glass, stainless steel, or other appro-
priate material of sufficient length and physical integrity to
sustain heating, prevent adsorption of analytes, and to reach the
gas sampling point. ‘

7.2.2 Calibration Assembly, typically fabricated by user, to
introduce calibration standards into the sampling system at the
probe outlet, upstream of the primary particulate filter, at the
same pressure and temperature as that of the effluent samples,
with provisions for monitoring the sample pressure and tem-
perature during continuing calibrations and effluent sampling.

7.2.3 Particulate Filters, rated at 0.3 um, placed immedi-
ately after the heated probe and after the sample condenser
system,

7.2.4 Pump, leak-free, with heated head, capable of main-
taining an adequate sample flow rate (at least 1.5 L/min).

7.2.5 Sampling Line, of suitable internal diameter, heated to
prevent sample condensation, made of stainless steel, tetrafluo-
rocarbon polymer, or other material that minimizes adsorption
of analytes, of minimal length.

7.2.6 Sample Condenser System, a refrigeration unit capable
of reducing and removing the moisture of the sample gas to a
level acceptable for sample injection.

7.2.7 Sample Flow Rotameters, capable of withstanding
sample gas conditions, calibrated according to Practice
D 3195.

7.2.8 Sample Transfer Line, to transport sample from
sample interface to GCMS, heated to prevent sample conden-
sation and fabricated of stainless steel, tetrafluorocarbon poly-
mer, or other material to minimize adsorption of analytes, of
minimal length.

7.3 Auxiliary Equipment:
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7.3.1 Calibration Gas Manifold, capable of delivering ni-
trogen or calibration gases through sampling system or directly
to the instrumentation, with provisions to provide for accurate
dilution of the calibration gases as necessary. See Fig. 1 for an
example schematic.

7.3.2 Mass Flow Meiers or Controllers, with a stated
accuracy and calibrated range (=2 % of scale from 0 to 500
mL/min or O to 5 L/min).

7.3.3 Digital Bubble Meter (or equivalent), having a NIST-
traceable calibration and accuracy of =2 % of reading, with an
adequate range to calibrate mass flow meters or controllers and
rotameters at the specific flow rates (within =10 %) required to
perform the test method.

7.3.4 Tubing, tetrafluorocarbon polymer (or other mate-
rial), of suitable diameter and length to connect cylinder
regulators and minimize the adsorption of analytes on the
tubing surface.

7.3.5 Tubing, 316 stainless steel (or other material), of
suitable diameter and length for heated connections.

7.3.6 Gas Regulators, appropriate for individual gas cylin-
ders, constructed of materials that minimize adsorption of
analytes.

8. Reagents and Materials

8.1 Calibration Gases, gas standards (in nitrogen balance or
other inert gas) for those compounds identified in Section 1,
certified by the manufacturer to be accurate to 5 % or better,
used for the initial and continuing calibrations.

Note 2—The analytical accuracy of the calibration standards must be
known. The analytical accuracy for gas mixtures may be concentration
dependent.

8.2 Internal Standards, manufacturer-certified mixtures for
co-injection with sample gas.

8.3 High Purity (HP) Nitrogen or Zero Air, for purging
sample lines and sampling system components, dilutions, and

Heated Prabe 120-150°C)

9. Hazards

9.1 Target Analytes—Many of the compounds listed in
Section 1 are toxic and carcinogenic. Therefore, avoid expo-
sure to these chemicals, Calibration standards are contained in
compressed gas cylinders; exercise appropriate safety precau-
tions to avoid accidents in their transport and use.

9.2 Sampling Location—This test method may involve
sampling locations with high positive or negative pressures,
high temperatures, elevated heights, or high concentrations of
hazardous or toxic pollutants.

9.3 Mobile or Remote Laboratory—To avoid exposure to
hazardous pollutants and to protect personnel in the laboratory,
perform a leak check of the sampling system and inspect the
sample exhaust equipment before sampling the calibration
standards or effluent. Properly vent the exhaust gases.

10. Calibration and Standardization

10.1 Calibration Standards—Because of the incompatibil-
ity of some target compounds, many gas blends at each
concentration may be needed to construct a calibration curve
for all of the 36 target analytes listed in 1.1. Obtain or generate
calibration standards of each target compound at nominal
concentrations of 300 ppb(v), 1 ppm(v), and 10 ppm(v) by
either of the following options:

10.1.1 Option 1-—Obtain calibration gas standards for the
target compounds at the three specified nominal concentra-
tions.

10.1.2 Option 2—Obtain 10 ppm(v) calibration standards
for the target analytes. Then successively dilute the 10 ppm(v)
standard with ultra-pure nitrogen using mass flow meters.
Dilute the 10 ppm(v) standard to 1 ppm(v) and then the 1

ppm(v) to 300 ppb(v). If Option 2 is used, analyze the
calibration check (see Table 5) compounds directly as a QA
audit of the dilution techmique. The audit result using the
calibrated GCMS must be within *20 % for the calibration to
be valid.

blank runs.
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Sample Gus

{1.5 LPM constant Caljbration Gas
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i
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FIG. 1 Example Direct Interface GCMS Measurement System
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TABLE 1 Calibration and Sampling QA/QC Criteria

Accuracy and Sensitivity

Operational 18 GC Retention * Extracted lon Chromatographit Criteria
Mode Recommended Time ) '
Requirements  Requiremenis
Mass Spectrometer  See Table 3
Tune
Three-Point See Table 4 RTs for individual VOHAPS % RS8Ds calculated from the individual RRFs at  ARRFs must be > 0.25 to ensure proper
Calibration must be within 6 % of each callbration point must be 20 % for each instrumental response.
each other from run to run, target analyte. : ’
' ' A signal to noise of 10:1 (measured in

The RFs of the internal standards must be within  accordance with the instrument

50 - 100% of the mean for the initial three-point manufacturer's procedures) is recommended

calibration. for the low concentration level.
Surrogate Continuing See Table 4 RTs for individual VOHAPS The RFs of the internal standards must be within  Sutrogate continuing system calibration
Calibration Check must bie withint 6 % of the —50 - 100 % of their ARFs from the initial three-  results must be within- +20 % of the
(cco) Inifial three-point callbration. point callbration. manufacturers certified value from analysis by

' ‘ the threé-paint calibration for valid continuing
calibration. '

Sampling See Table 4 RTs for detected VOHAPS  The RFs of the internal standards must be within  Spectral ions of greater than 10 %

must be within =6 % of
those in the initial three-
point calibration.

—50 - 100 % of their ARFs from the initial thrae-
pomt calibration,

abundance In the Identifled compounds mass
spectrum must also be contained inthe
reference calibration speotrum for that
particular target analyte

TABLE 2 Relative lon Abundance Criteria for

TABLE 4 Instrument Performance for Separated lnternal

Bromofluorobenzene Standard Mixture
Mass Fragment lon Abundance Criteria Intenal Standard . Mass Recommended lon Abundance Criteria
50 ‘ 15-40 % TRIS 50 520 % of mass 69 '
75 30-60 % 69 Base Peak
95 Base peak 75 40-60 % of mass 69
96 5-0 % of mass 95 213 50-90 % of mass 69
173 <2 % of mass 174 263 75-96 % of mass 69
174 »50 % of mass 95 282 30-70 % of mass 69
178 5-9 % of mass 174 BPFB 93 20-80 % of mass 117
176 =85 % but <101 % of mass 174 17 Base Peak '
177 5-9'% of mass 174 167 45-75 % of mass 117
K 245 <2 % of mass 246
246 >25 % of mass 117
= < .
TABLE 3 Instrument Performance for Blended TRISIBPFB Zﬁg 5295 {-Zoc:fr:nzzssaﬁ
Internal Standard Mixiure in Tune : 249

5-9 % of-mass 248

-Recommended Percent

Mass Fragment Recommended Percént
Relative High Abundance

Relative Low Abundance

TABLE 5 Surrogate System Continuing Calibration Compounds

Criteria . Cntena
50 5 co -8 - : e C
55 5 8 Norg 1-—The compounds listed in Table 5 represent certain class(s) of
69 - 33 36 analytes known as surrogate mixture. )
?137 ?go ;*go Compound Class Molecular Quantifica- Reterition
167 50 85 Representing Weight | ’rlorl lon Time
248 30 99 Methylene Chloride  Chlorinated 84 84 2:41 min
263 20 50 Methyl Ethyl Ketone  Polar 72 72 2:57 min
2‘82 ’10 30 (MEK) .
Carbon tetrachloride  Chlorinated 162 17 3:35 min
Toluene Aromatic 92 91 *- 5§08 min
" . Chlorobenzene Chiorinatad aromatic 112 112 7:22 min
10.1.3 Opnon 2 for preparation of the three-point calibra Goylere Aomate - o1 o1 844 min

tion curve may also generate concettration levels above and
below the suggesred coricentration range, It is: necessary, when
using this option, to audit the calibration curve using a certified
calibration standard 1ndependent from those used to prepare the
curve, - -

10.1.4 If the QA aud1t fesults are not w1th1n 20 % of the
expected value, corrective action must be taken.

10.2 Mass Flow Maters—~For Optmn 2, calibrate the mass
flow meter using a digital bubble meter having a NIST-
traceable callbratmn at'the spemﬁc flow rates (+10 %) neces-
sary for dllutmg the cahbratlon standards

905

“Hatention time based on '60°C isothermal separauon on a SPB-1 GC ‘¢olumn
30 m long and 0.82 mm |n5|de diameter. -

10.3 MS Ti une—Follow the’ manufactarer’s writfen instruc-
tions for the set-up, tune, operatlon, and callbratlon of the
GCMS instrument. ‘

103.1 If NIST 11bra1'y searchable mass spectra are needed to
identify compounds not included in the three~po1nt calibration
or to fac1htate comparison with other mass spectral analyses,
the mass spectrometer tune must be able to produce mass
spectra for bromoﬂuorobenzene (BFB) that meet the relative
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abundance criteria in Table 2.

Note 3—BFB is a compound typically used to tune mass spectrometers
for use in quantifying volatile organic compounds according to EPA.
Method 624.*

10.3.2 Table 3 presents a specific example of applicable MS
tune limits for the mixture of two recommended gaseous
internal standards—1,3,5 trifluoromethylbenzene (tris) and
bromopentafluorobenzene (BPFB). These criteria have been
used to demonstrate that the instrument produces an acceptable
instrumental response for BFB. Table 4 presents a-specific
example of applicable ion abundance criteria for the two
co-injected, GC separated gaseous internal standards. Meeting

the QA criteria, in Tables 3 and 4 ensures proper and consistent *

GCMS response jn each riin, and thus allows meaningful
searches of the NIST mass spectral library for data acquired
under these conditions.

10.4 Initial Three-Point Calibration—Perform an initial
three-point calibration for each target compound at each of the
three nominal concentrations in 10.1 using duplicate analyses.
Calculate relative fesponse factors (RRFs) and average relative
response factors (ARRFs) for each target compound at each of
the three concentrations (Section 12, Eq 1 and 2). Calculate the
percent RSD from these analyses for.each target analyte. Verify
that the QA/QC performance criteria in Table 1 are met.

10.5 System Continuing Calibration Check (CCC):

10.5.1 Imtroduce the six calibration check compounds iden-
tified in Table 5 at the calibration assembly port, and determine
their concentrations using the appropriate three-point calibra-
tion curves generated for the 36 analytes listed in 1.1, Allow
sufficient time for the system to equilibrate. The system
equilibration time should be no longer than the GCMS run
time, (The compounds listed in 1.1, and any subset of these
compounds, and the internal standards can be separated and
detected in a 10 to 15 min isothermal GC run.) Calculate the
percent differences from the respective certified values. Percent
differences within +20 % indicate that the calibration of the
GCMS system for the analytes is still valid.

10.5.2 Perform analysis of the CCC each day before mea-
suring the effluent, before resuming sampling after each
instrument shut down for maintenance or corrective action, and
before analyzing additional samples after twelve hours of
continuous operation. Repeat procedure if difference is greater
than 20 % of expected value for any target VOHAP.

Note 4—If only a subset of compounds identified in Section 1 are the
target analytes for the test situation, then only those surrogates needed to
verify the calibration status of the subset must be analyzed. (See Table 5
for the list of surrogates and compounds for which they represent.)
Alternately, all of the target analytes can be used to venfy continuing
calibration status.

10.5.3 If a moisture condenser is used, conduct an addi-
tional CCC immediately after each test fun (that is, while the
potential for residual moisture in the sampling system is
greatest) when analyzing for polar, water-soluble compounds.
This QA check is to determine whether loss of water-soluble
compounds in the system occurred. Take corrective action, if
necessary, before repeating the sample rurn.

10.6 Consistency During Runs—Use the same instrument
conditions to’quantify effluent and QA samples that were used

906

to establish the three-point calibration curve.

11. Procedure

11.1 Pretest Preparations and Evaluations:

11.1.1 Flow Rate and Moisture Determination—If the ef-
fluent volumetric flow rate is required, perform EPA Methods
1 through 3. Determine the moisture content to within =2 %
uging EPA Method 4, wet-bulb dry-bulb measurements, satu-
ration calculations, or other applicable means. If the moisture
content of the flue gas is greater than the applicable instrument
operating limit, remove the moisture (using a condenser system
or other suitable apparatus) before 1ntroduct10n into the
GCMS.

11.1.2 Sample InZetface Preparation—-Assemble the sam-
pling system and allow the sample interface system compo-
nents to reach operating temperatures. See Fig. 1 for an
example schematic. Operate the sampling system at a constant
sample flow rate during the entire test.

11.1.3 Continuing Calibration Check—Perform a CCC ac-
cording to 10.5. Verify that the results agree to within +20 %
of the certified value before proceeding.

11.1.4 System Zero Analysis—After the CCC, perform a
system zero (through the calibration assembly port) using
nitrogen or zero air. Apalyze nitrogen samples until the
measurement system background levels are less than 50 ppb(v)
for the target analytes of interest.

11.2 Sampling and Analysis:

11.2.1 Extract effluent sample gas for a period equal to the
sample equilibration time (appropriate to the individual sam-
pling system) before acquiring and analyzing the first sample.
Co-inject the internal standards with each sample. Continu-
ously extract the effluent between consecutive GCMS sample
acquisitions to ensure constant sample equilibration within the
sample interface system.

Note 5—The gaseous internal standards must be co-injected with the
sample gas on each GCMS run. The concentrdtion should be no greater
than 10 times the expected value of the sample, but in practice this may
not be possible for some sources.

11.2.2 Analyze the sample using prepared calibration files
and quantification algorithms. Identify and determine the
concentration of the target VOHAP according to 12.6. Verify
that the QA/QC criteria listed in Table 1 are met for each run.
Each sample analysis represents the emissions concentration
over a period of approximately 15 min,

11.2.3 Typical test run durations are from 45 to 60 min.
During each test run, analyze a minimum of three samples,
unless otherwise specified.

11.3 Data Starage—Ident1fy all samples with a unique file
name. Store backup copies of data files.

12. Calculation

12.1 Relative Response Factor (RRF)—Calculate RRF as
follows:

‘ AX CIS
=% & 1
RRF AJS CX ( )
where
RRF = relative response factor,
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Ay = peak area of selected target VOHAP quantion, Target VOHAP, _ A& G 6
A, = peak area of corresponding selected internal stan- arget ppm(V) = ARRF A ©
dard quantion, where
C;s = concentration of corresponding selected internal Ay = peak area of target VOHAP quantion
standard, and A;s = peak area of corresponding selected internal stan-

Cy = concentration of target VOHAP.
12.2 Average Relative Response Factor (ARRF)—Calculate
ARRF as follows:

1 3
ARRF = % 121 RRF; )
where:
ARRF = average relative response factor,
RRF = individual RRFs calculated from calibration run
(12.1).
n = 0, sample size. (Duplicate samples at each of three

concentration levels.)
12.3 Standard Deviation(s)—Calculate as follows:

:=21 (RRF, — ARRF)*
——— 3)

n-1
where:
ki = gtandard deviation,
RRF, = individual relative response factor,
ARRF = average relative response factor, and
n = 6, sample size,

12.4 Percent Relative Standard Deviation (%RSD). Calcu-
late % RSD as follows:

§
% RSD = ARRE % 100 “@
where:
% RSD = percent relative standard deviation.

12,5 Continuing Calibration Check (CCC) Percent Differ-
ence (%D). Calculate % D as follows:

(ARRF - RRF ¢¢c)

% D = e X 100 3
where:
%D = = percent difference between RRFqq- and
ARREF,
RRF oo = target VOHAP RRF obtained from the continu-
ing (system) calibration check, and
ARRF = average relative response factor from three-

point calibration.
12.6 Quantification of Results—Calculate the VOHAP con-
centrations in gas samples as follows:

dard quantion,

concentration of corresponding selected internal

standard, and

ARRF = average relative response factor of target VOHAP
calculated from three-point calibration.

12.7 Alternative Quantification Calculations—Alternative
quantification algorithms, such as regression analyses, may be
used to develop calibration files and sample analysis quantifi-
cation. In some cases, calculation procedures allowing a
non-zero y-axis intercept improve the accuracy and RSDs of
measurement results. If the alternative is used, apply the same
numerical procedure for the three-point calibration and all
sample analyses for the test series.

O
B
il

13. Report

13.1 Report the results for the individual GCMS analyses,
and the mean of all samples for each target analyte for each
run.

13.2 Include copies of the three-point calibration including
% RSD, RRFs and ARRFSs, calibration check continuing
system calibration(s) results and other test method QA/QC
activities in the test report.

13.3 Store and include records of the manufacturer’s cer-
tificates of calibration standards and internal standards.

14, Precision and Bias

14.1 Data Quality Objectives—The overall data quality
objectives are within =20 % of the expected value. A precision
value of 10 % for each measurement value has been achieved
using this method as documented in the research report,
Achieving thé performance criteria listed in Tables 1-4 has
demonstrated that these objectives can be met.’

15. Keywords

15,1 gas chromatography; mass spectrometry; stack gas
analysis; stationary source; Volatﬂe organic hazardous air
pollutant

¥ “Bvaluation of HAPSITE and a Direct Interface GCMS Test Method for
Measurement of Volatile Organic Compounds in Stationary Source Efftuent,” Vols
I and IT, July 1997, Available from ASTM Headquarters. Request RR: D22-1028 .
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APIW Designation: D 6503 — 99
< |I § L ‘ . :

INTERNATIONAL .

Standard Test Method.for . . =
1

Enterococcl in Water Usmg Enterolert@@
This stendard is issued under the fixed des1gnat10n D 6503; the number 1mmedlately following the designation indicates the year of
original adoption or, in the case of reviston, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superseript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes a simple procedure for the
detection of enterococci in water and wastewater. It is based on
IDEXX’s patented Defined Substrate Technology® (DST®).
This product, Enterolert, utilizes a nutrient indicator that
fluoresces when metabolized. It can detect these bacteria at one
colony forming unit (CFU)/100 mL within 24 h. The presence
of this microorganism in water is an indication of fecal
contamination and the possible presence of enteric pathogens.

1.2 This test method can be used successfully with drinking
water, source water, recreational (fresh and marine) water, and
bottled water. It is the user’s responsibility to ensure the
validity of this test method for waters of untested matrices.

1.3 This standard does not purport to address all of the
safety concerns, if awy, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 1129 Terminology Relating to Water?

D 1193 Specification for Reagent Water?

D 3370 Practices for Sampling Water from Closed Con-
duits?

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology D 1129,

3.2 Definitions of Terms Specific to This Standard:

3.2.1 enterococci, n—a gram positive bacteria possessing
the enzyme B-D-glucosidase, which cleaves the nutrient indi-
cator and produces fluorescence under a long wave length (366
nm) ultraviolet (UV) light.

3.2.2 most probable number (MPN), n—a statistical method
for determining bacterial density based on the Poisson distri-
bution.

3.2.3 presence-absence, n—a term used to indicate if en-
terococei is present in a water sample. It is a qualitative value,
“yes” or “no” for reporting results.

! This test method is under the jurisdiction of ASTM Committee D-19 on Water
and is the direct responsibility of Subcommittee D19.24 on Micrabiology.

Current edition approved Dec. 10, 1999. Published April 2000.

2 Annual Book of ASTM Standards, Vol 11,01.

3.2.4 quanti-tray®, n—a system for the quantification of
enterococcl. It consists of a sealer and trays which have
multi-wells and can enumerate up to 2000 CFU/100 mL
without dilution.

3.2.5 snap pack, n—a package containing Enterolert reagent
for testing 100-mL sample either in the P/A format or quanti-
tatively, that is, Quanti-Tray® system).

4. Summary of Test Method 3

4.1 This test method is used for the detection of enterococci,
such as E. faecium, E. faecalis in drinking water, source water,
recreational waters (marine water and fresh), and bottled water.
When the reagent is added to the sample and incubated at 41 =
0.5°C for 24 h, Bnterolert can detect these bacteria at 1
CFU/100 mL. Fluorescence is produced when enterococci
metabolizes the nutrient indicator. Enterolert can be used as a
presence-absence test or for guantification (5-tube, 10-tube
MPN, 15-tube serial dilution or the Quanti-Tray system),

5. Significance and Use

5.1 This test provides an easy and reliable method for the
detection of enterococci in water within 24 b. For recreational
water (fresh and marine) testing is performed to insure areas
are safe for swimming. Enterolert also can be used for testing
bottled water and drinking water.

6. Interferences

6.1 Thbe presence of Bacillus spp. can interfere with the
testing of marine water samples. To eliminate interference, a
1:10 dilution is required with sterile water (deionized or
distilled).

7. Apparatus
7.1 Ultraviolet Lamp, 6-watt long wavelength (366 nm).
7.2 41°C Incubator (= 0.5°C), air or water bath.
7.3 Vessels, stexile, nonfluorescent.
7.4 Quanti-Tray Sealer®.
7.5 Quanti-Tray or Quanti-Tray 2000,

8. Reagents and Materials
8.1 Purity of Water—VUnless otherwise indicated, references

3 This test method is based on Enterolert, a product of IDEXX Laboratories,
Westbrook, ME 04092,
4+ Available from IDEXX Laboratories, One Idexs Dr,, Westbrook, ME 04092.

Copyright © ASTM Intemational, 100 Bar Harbor Drive, PO Box G700, West Conghohacken, PA 19428-2959, United States.
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to water shall be understood to mean reagent water conforming

to Specification D 1193, Type IV. Sterilize the water by either

autoclaving or by stetile filtration (0.22 micron-filteted water).
8.2 Enterolert Test Kit*.

9. Precautions

9.1 The analyst must observe the normal good laboratory
practices and safety procedures required in a microbiology

laboratory while preparing, using, and disposing of cultures,-

reagents and materials and while operating sterilization equip-
ment and other equipment.

10. Sampling

10.1 Collect the sample as described in detail in the USEPA
microbiological methods manual® and in accordance with
Practices D 3370.

10.2 Sample Storage Temperature and Handling
Conditions—Ice or refrigerate water samples at a temperature
of 2 to 8°C during transit to the laboratory. Use insulated
containers to ensure proper maintenance of storage tempera-
tures. Take care that sample bottles are not totally immersed in
water during transit or storage.

10.3 Holding Time Limitations—Examine samples, as soon
as possible, after collection. Do not hold samples longer than 6
h between collection and initiation of analyses.

11. Quality Control Check

11.1 Check and record temperatures in incubators daily to
insure temperature is within stated limits.

11.2 Quality control should be conducted on each new lot of
Enterolert. See package insert for the recommended quality
control procedure, which consists of the following protocol:

11.2.1 For each type of the American Type Culture Collec-
tion (ATCC) bacterial strain listed below, streak the culture
onto labeled TS A or blood agar plates and incubate at 35°C for
1824 h.

11.2.2 For each bacterial strain, touch a 1-ul loop to a
colony and use it to inoculate a labeled test tube containing 5
mL of sterile deionized water. Close cap and shake thoroughly.

11.2.3 For each bacterial strain, take a 1-ul loop from the
test tube and use it to inoculate a labeled vessel containing 100
mL.

11.2.4 Follow the Enterolert presence/absence steps listed
above to test these controls, Compare the test results to the
following expected results:

Control ATTC No. Expacted Result
Enterocaceus fascium 335667 Fluorescence
Serratla marcescens (g, -) 43862 No fluorescence
Aerocaccus viridians (g, +) 10400 No fiuorescance

12. Procedure

12.1 Presence/Absence—See package insert,

12.1.1 Samples should be brought to room temperature
(18-30°C).

12.1.2 Carefully separate one snap pack from the strip.

12.1.3 Tap the snap pack to insure that all of the powder is
towards the bottom of the pack.

3 Bordner, R.H., Winter, I.A., and Scarpino, P.V., Eds., Microbiological Methods
Jor Monitoring the Enviranment, Water; and Wastes, EPA-600/8-78-017.

12.1.4 Open the pack by snappmg back the top of the score
line. Do not touch the opening of pack:

12.1.5 Add the reagent to a 100-mL water sample, which is
in a sterile, transparent, nonfluorescent vessel. ,

12.1.6 Aseptically cap and seal the vessel.

12.1.7 Shake until dissolved.

12.1.8 Incubate Enterolert for 24 h at 41 = 0.5°C,

12.1.9 Read results at 24 h. If the sample is inadvertently
incubated over 28 h without observation, the following guide-
lines apply: Lack of fluorescence after 28 h is a valid negative
test. Fluorescence after 28 h is an invalid result.

12.1,10 Check for fluorescence by placing a 6-W 366-nm
UV light within 5 in. of the sample in a dark environment. Be
sure the light is facing away from your eyes and towards the
vessel. If fluorescence is observed, the presence of enterococci
is confirmed.

12.2 MPN—Quanti-tray enumeration test procedure for
100-mL sample (see package insert).

12.2.1 Follow steps 12.1,1-12,1.7.

12.2.2 Pour the reagent sample into the Quanti-Tray avoid-
ing contact with the foil tab and seal the tray according to the
Quanti-Tray package insert.

12.2.3 Incubate for 24 h at 41 = 0.5°C,

12.2.4 Pollow the same interpretation instructions from
12.1.9 through 12.1.10, and count the number of positive wells.
Refer to the MPN table (see Table 1) provided with the
Quanti-Tray to determine the CFU/100 mL.

12.3 MPN—5-tube X 20 mL, 10-tube X 10 mL and 15-tube
serial dilution.

12.3.1 Follow 12.1.1-12.1.7,

12.3.2 sterile nonfluorescent tubes or transfer 20 ml. of the
reagent sample into five sterile nonfluorescent tubes.

12.3.3 Incubate for 24 h at 41 =+ 0.5°C.

12.3.4 Follow 12.1.9 and 12.1.10 for interpretation,

12.3.5 Refer to the MPN tables (see Tables 2-4) to deter-
mine the CFU/100 ml.

13. Calculation

13.1 For P/A, there are no calculations. For quantification,
refer to Quanti-Tray MPN tables and for the 5, 10, and 15 tube
test results refer to the respective MPN tables.®

14. Report

14.1 Report as positive or negative for presence/absence
testing.

14.2 Reporting of results is based on calculation of entero-
cocci density determined from the appropriate MPN tables.

18, Precision and Bias 7

13.1 Precision—A limited collaborative study was con-
ducted. Nine technicians from three laboratories tested three
different matrixes at three levels following Practice D 2777.
Outliers were rejected in accordance with the statistical tests
outlined in Practice D 2777. All data from one technician was

S Standard Methods for the Examination of Water and Waste Water, 19th Edition.
7 Supparting data for this test method are available from ASTM Headquarters.
Request RR: D 19-1167,
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rejected for recreational water-mariné dnd single values were

rejected for both recreational water-fresh at thedow levél and:

for recreational water-maring at the low level. Thé mean count,
the overall standard deviation' (St), and the single operator
standard deviationl (s0); aré indicated in Table 5.

15.2 Bias—The mean value obtained :for.the samples
(drinking watet, recreational water fresh and matine) from the
nine technicians for the low-, mid- and high-spiked samples all
fall within the 95 % confidence interval (poisson distribution)

of the actual values obtained from plating on blood agar.

15.3 Results of this collaborativé study may not be typlcal
of ré§ults for matrices other than those studied.

16. Keywords

16.1 bottled water; drinking water; enterococci; Enterolert
most probable number; presence—a"bsenoe, Quantl—Tray, recre-
ational water; source water :
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‘ TABLE 1 51-Well Quanti-Tray® MPN Table
. No. of Wells Giving, ' : ' : 95 % Confidence Limits

Positive Reaction MPN/100-mL Sample Lower : Upper
0 I < 0.0 3.7
1 1.0 0.3 5.6
.2, 2,0 ‘ 0.6 7.3
3 3.1 . S 11 : 2.0
4 42 1.7 ) 107
5 5.3 23 12.3
6 6.4 ‘ : 3.0 13.9
7 75 ‘ 37" ‘ 15.5
8 8.7 4.5 171
9 9.9 a ‘ ) 53 . - o : 18.8
10 1.1 : 6.1 20.5
1 124 7.0 22,1
12 187 R 79 - o 239
13 15.0 : 88 . 257
14 164 9.8 275
15 17.8 . ¢ o108 20.4
16 19.2 Co1e, 31.3
17 20.7 18.0 33.3
18 222 14.1 ., ‘ 35.2
19 : 23.8 o 15.3 ‘ 37.3 .
20 - 25.4 16,5 ‘ 304
21 274 . . 177 ) 41.6
22 288 .. . S S 19.0 43,9
23 30.6 ) ‘ 20.4 46.3
24 32.4 218 48,7
25 344 k : 28.3 §1.2
26 364 - 247 53.9
27 38.4 26.4 56.8
28 4086, ©28.0 R 59.5
29 42.9 N S 297 . Sl 62.5
30 453 31.5 65,6
31 ' 478 - ‘ o o834 - 69.0
32’ 504 . ‘ o0 364 TR 72.5
33 53.1 37.5 76.2
34 56.0 S 39.7 . e . 80.1
35 591 . 20 : 84.4
36 82.4 46 88.8
37 65.9 47.2 ) ‘ 93.7
38 69.7 . 80O B < X
39 73.8 T T BB T 104.8
40 78.2 56.4 ) 1.2
41 . 834 ‘ o 59.9 ' - . 1183
42 88.5 ’ ‘ L 639 ‘ 126.2
43 94.5 o 68.2 ) .. 1354
44 dots . L L 7341, T : 146.0
45 100.1 : 788 P 1568.7
46 118.4 85.0 174.5
47 -120.8 & . ) 927 ., ' } . 185.0
48 1445 - v - +102.3 ‘ 224.1
49 165.2 115.2 272,2
50 . 200.5 ) 18,8 ; 387.6
51 >200.5 : 146.1 C Infinite

¥

1067

PRO_00105242



13-cv-01215-TSC Document 198-24 Filed 10/07/19 Page 106 of 121

Case 1

g'8e

9oLy 99T SY5E GSeE 908 6068 GGlC €192 1'8ve 6982 L¥e E©Fig 908 9S6L /8L €6l 0QBLL 069k §69L €esl vorl 8oyl g9l 6v
Oole Lgsz- LS9z €2z T09Z 68k ©ese <82 2’8l ©E02 v10Z GE6l 098L 68LF gell 859l L6SL 6€SL €8b1 OEl 6781 LEEL ¥Egl GEEl  Br
cesz Seve OO0y 0le vazZ Irle €908 6986k ©I6L 098l g8l €eL 99k 091 €SSL 005l OSrh FOvL YSEH 608L 99ZL vEEl €8Il €l ¥id
vezz Sk SOlZ SE0g @96L bOSL 8L @Bl Gelh 699 99§95 GISL Lorl gyl 9uEL €€8L 63l 053l O'lgl K yEU 860L ©90L oY
Z102 1'g8lL - 268F SESL 6ZiL 9FLL ViSL P9t 9ZSL Sl €8yl 68yl 96EF ¥SEL - €4€L viZgh 9€2L €6H COLL 9%L 60l 890l STOL €66 o
6280 LisL < ZEl 91 V€9l GBSL LtSL L6kt SSvk Plyb ¥YEL ¥EEL 96Tk 683k €821 8L €9l GLlL 9’80k $'90L 0L 166 196 L'E6 R
788l 99k, ¥BGL 1SSl 01§l Oyt OSyE  FeSL ¥SEL L1l 'S8l g%gh  LIEk 81 vk TR 180F 09D 6101 066 096 ze6 08 9.8 e
Vo5l ZEsh €8yl SPPL @0yl 1ZSl 9OEEl  LOBL  £92L ©63k 103k 69H  LTH 90  9Z0L 9%0L [0l 886 0096 L6 506 88 g9 g8 av
&5yl coyl @8el ©68l 0ZEL L8k ¥93L ggek Kell 091 O€lL GOM  1Z0L E€¥0L ¥lOL /86 696 €66 906 088 S98 O€8 S08 08 112
g[8l LEEL SUEL €Z3F ¢¥EL Tlel TEl €Sl yell 9601 L'90F GE0L 0L 986 696 €86 106 T8 [98 £%Ee 608 G8. 79 g8 or
Z6eh Mozl zEZL €08 VLUl oL M4 OB0L €90l 980, OWOL ¥86 696 €66 606 V88 098 968 £i8 68 99 V¥, <ol 669 6¢
zzzl  ¥6IL 99l GELL  ZLlL 980} 690 €0l 900l €86 €96 ¥e6 016 988 g98 6€8 98 ¥6L VL 6% LB 90L ¥83 €99 8e
Goll  ©ell L0l L'8B0F 90l 'S0l 900k €86 996 ¥E6 LM6 988 98 Z¥8 0% 86L 9L ¥S. €8L TIL 169 0L9 0€9 63 i€
01l 140l €90l 6@l 001 L6 ©56 G€6 TI6 698 L98 S¥8 €%8 108 0B 6SZ ®EL Ll 169 [/9 LG9 L9 LIS g 9
oSOl 9Z0L S00L 086 LG6 SE6 ©16 L'e8 698 L¥8 9g8 S08 8L £9. €E€¥. €8 E0L €83 €99 v¥9 ¢339 509 9ES GYG sg
: 96 o986 L6 268 148 0S8 68 808 €9, €9, Sy, BT 80, 689 699 0% 1€ €19 ¥6G 9LF LS5 GES ¥e
»16 ©68 €/ S8 28 T8 g6L TL.L ¢SL ST ¥H g69 949 LS9 SE€9 029 109 .€BG G935 ¥G OUEF TS £
/8 S8 gE® G188 G6. 9L LS. @€L &1L 00L L'89 €99 S¥g Le9 609 165 €4S 9ES 8EG led ¥O0§ LB 2
Iee g8 6L O08L V9L T¥. ¥aL SOL .99 699 1S9 €69 918 @BY L'BG €95 O¥S 163 IS gev G oo 1€
Z0s €8, S9. Iv. @e. O €89 G0 199 OV TE G09 985 VIS ¥SS L€ 03¢ ¥0§ L8y Ly S 6% oe
69, 1S, ©eL GIL 969 089 €89 9¥d 639 I8 G6Y EIS- 19 S¥S 8 Tl 96y 08 Oy 8%y e 9 62
e/ 0T €0l 989 699 ¥S§ S€9 919 109 g8 695 ges 9ES 0¥ vOS 88y ¥ LSy Ivr 9w O g6 8c
@0/ 169 ¥i9 LS8 I'v vEs 809 268 948 095 v 83 gl g6y L8y g9y 0Gr ey 6y Oy 688 U/ yrd
6.3 €99 IpS 089 19 65 28 /L85 166 Ges 0% 0§ 68 vy 6Sh E¥F 83 Ely 666 v8E 698 G 92
2ca 9g9 029 G09 68S €IS 898 €S /e ¢TIS L6y g8y L9 g9y L€ Ter 8OF €66 6/ V9E 0SE GEe 2
oz9 119 ©66 08S G985 0SS ¥eEs 618 §0S 06y S 09 9¥ ey 9 TOF 888 1EUE 696 S¥E 1EE L ¥
208 98BS 1ZS 9SS evS LTS <TIe LBy €8 8% ¥S 6By ger Ll [L6€ IBE 89 ¥ Ve LTE EIE 66C €8
g/s €95 @vs ¥ES 61s S0§ 06y 9y 9 L¥r €6y &1y S0y 168 L6 ¥9€ 0SE 98E €% 608 S6c d8e e
a9 1S gze IS 86y ver 69y 9%k v 8 vy 00y 98 €/ 69 SYE TEE 8IE GO08 Tee 8l S% 12
ces 61§  S08  l'ev L4y €9 6% 9er gor €0y GBS I'SE €96 ¥SE Ve 8TE Ve L0E gWe Sle ¢ 6% 08
Z1s @6y ey /b ISy E¥r OSr 9w €Oy 066 96 €98 0% LEE v Ve 86 G gL F% oY €L 6l
vev @iy vor ey @€y +ver LW 965 G8® gIE 69 9¥E €EE 0% L06 V6 1'8c 69 95 E¥e 1Ee ¥y 8L
zi4 69 Sy e 6L Dor g6 08 L9 ¥SE L¥E 6T 9lE €08 168 8L 99 €% 0vc 8w 9z €0 11
eov OF¥r Za vy LOr 8 G/€ €98 0Se [€€ S@ ZIE 006 L9 GL& TY9C 0% €€ 9ce €l 10z &8l gl
ver  Tey 60y 968 vEE L€ 89 9¥s EEE  VeE 608 962 ¥ TLE 6% L GEE €23 VIe 66t L8l Sit St
9lr Oy LEE 6.8 L9 PSS ©Tye OEE [L1e G0 €62 182 69 LS¢ ¥V €€ LT 60z L6k g8l €L L6l ¥L
668 288 S8 ©TSe - 09 @ee 92 ¥IE @08 062 ®L 99T v gy 0e 8l 90z g6 €8L LZL 09 8V gL
286 07/ 99 OV e gTee OIlE g6z 98 §ZZ €98 L'ST 6% L% 9k v¥oz €6L 18 691 g5l 9OFL gEl 2l
068 99e tee Tve OSe 6l J08 S62 ©£8 gL U092 eve Ler g% vle g0e 6L 6Z1 891 9g9L ghL Vel el I
yie O 0Se B8 @8 S €08 T6C 0% 69 LS¢ Ove ¥E8 €8 +ie 00 68L /[LL g9l gsi €yl cEL L2k Ol oL
gt 9vc <See ©ee ZIe OO 682 LIz 992 v¥Se €ve $es 02 60z @6l 8L GL 9L €Syl LEL 0E BOL 96 6
ey 1'ee  O0Te 808 [62 98¢ v¥ig €9 ¢S \Vve 6¢ €le L02 96L g8l ¥ €9L gSh Ly :0€k &l 801 L6 98 g
g2 oE S08 ez €9 i 09 6% gee L3 9k 08 V6l E8L gL L8l 0§t e¢L g2 g L0 96 g8 ¥L L
ele zog le6c 0% 69z €% /[¥e 9€ g ¥ie €08 ¢gek 18 0L &S vl 8EL L3l 9 90 g6 ¥8 ¥L €9 9
eoe  §82 iz 992 6% vz £€ ¢ee <le 10e 06 64b 69 @Sk Lyl L€ 9Tl g1 g0 v¥6 ¥8 €L €9 Td g
cge  viz €92 TS T¥e se 0@z Ol 661 @8 g [9 9§l gyL gElL S8 U vOL €6 €8 Tl v TS IV ¥
‘sz |9 0% 66z 626 ®i 802 L6l 98 9L 9 g8 ¥¥L vEL vgl S §O0L T6 g8 TL V9 1S 1Y 1e g
eoz gy leg 9@ Ole 907 G6L g8l ¥l ¥9L €St €%l €€k gEgk gH  TOL TE e 1L k9 1S 1y 06 0% z
ovze Sez vz vz v0z ©6L e E®i g9 ggh Tyk EEk  rer Yk voL 16 18 0x 09 0§ Oy 0E  0OZ ol L
76z zoz @le z0z ek kg b4 1oL LSl 0¥l OBL 0@k OW 00k 06 08 0z 09 08 Oy 0% 0% O > 0
€2 zz e 0c 6l 81 2L ol St i el gt L oL ] 8 L 9 g ¥ € z 1 0 mm_w_wwwn_
: SAISOd SIPM IPWS "ON sbreT -on

1w 001/M10) S9eL NdIW 0002/ABIL-NUEND XX3dI  149VL

1068

PRO_00105243



13-cv-01215-TSC Document 198-24 Filed 10/07/19 Page 107 of 121

Case 1

&BLPC< TOIPT £986L 625Z+ L'ESSL 9ELFL 66TL £E0ZL 66LLL T9%¥0L 086 9026 +'998 +'918 |'0ZL 043, /989 88v9 L'Bl9 V6.8 S¥S TLS ve8r LIS
LFi0L 9098 6EI6 ¥0/8 2628 S16. SSS. Tlel €689 9889 ¥'629 SH09 8VIS TEYS L3S TI0S 98 695K 09Er 09y 9968 +8/€ 6098 LyvE
0169 €699 GOV L9l9 €865 LIS 0SS R625 6609 L06F  Lely V¥Sr 9'98Y 86LF ¥EO0F [/8E S BISE OSE 00SE. 69l ¥'v0e V262 6082
SEES E9lS G66r ©€8F L9 0TSy OLeb  Sadk €80F G¥6E 1'I8E [1'99E G956 EEVE ¥IEE 66lE  g'80e 1'86C Ll8¢ ©Llig 2892 6898 005 Slie
viEr S¥oh 0Cly 8668 6/88 TI/E 6498  gESe OEPE S266 €€ €3TIE 9OZ0E 26T |'¥8¢  £5z 1'89¢ ¥8ST ¥0Se [Lehe 1L'S6Z 6722 6022 L¥le
¥ele EEY ¥TGE 8ITYE €EEC I¥eS  L'SIE  £908 846 68T T8¢ €EiZ 9592 1'SST. [0ST O'EHT L98¢ 0082 9€3€ TLZ Ollg 0502 £66L 9E6L
965  V'ZIE ¥606 SI0E ©€6T €982 682 Ll/g 9v9e ['/ST  O0'lSe SVYre 1'85¢ 918 9532 96lT 0vie ¥80T 6730z 96k +v26L' ©/81 €281 G/
G062 9682 69/ €0/2 89€9e §/S2 ©lST TSYe TEET Ve8¢ [Llge 17EE 19l VlUZ 2902 Fige L'98l g6l S98L 618l €L 63LL 9891 99l
VE9Z  glSE GIST 8Sve I0ve 9VEZ vesz gvad 06lz 0¥z 1'60¢ g0z 9661 8¥%6L €05 898l V8L TLZI OELL 6831 VI 600 0.5 cest
Vlve 09tz 071e2 098z L'lg2 ¥9lg ZI'llg 0402 Se02 86l L'€6L +68! S8l I8l 0Ll €Ll 1681 €991 GSI9L 8ISY T¥SL 90SL  L/bL L'grl
08%c SBIZ OV%IZ 960 €S0 0102 896. /261 988L L¥BL  L08L 69.L 1B/ 69L £'S9l b9l 98SL  1'SSL Z'IS1 €8yl OGPl Lpl SegL £eel
£.0c  L'80¢ 966F LS6L BISL 088l el ¥08L 89/l Z'®/l 9691 1931 99} 651 6SSL gesl €6yl L'9FL Oevl 668F B9EL 8EEL 8O0El 6/TL
LY6L  U'lel €281 L'€8L 08I L9/l Rl 8691 +'98L 1891 665L 995l SESl €£0Sl Syl Svrl WL 78Sl £9EL vZEl 962L 992l Uvel © 343
€€8L 86.1 99/l £ELL 004l 8991 9EIL 0oL €81 €¥SL  E€ISL €8Fk €Srl ¥evl SBEl 198l el VISE ¥'8gL L'S2L 0'82L  ¥08L . 8ZLL TSLE
€8LL  TOLL  VISL O¥9L 0191 085t 0'GSL  1ESL cePl  ¥9¥L  9BFL 8OVL 0'8CL €SEL 9TEL 663L ©/2 L¥EL L'gel 961l LZLL 9%LL  gEl 2601
¥YoL SOl 9851 £'SSL 6°ESL FOSE  €4FE 9L 6lbL c6El  99EL OvEl Vel 882l £98L g€zl CEUZL E'8LE VOLL OFLL LML £60L 0206 £90L
¥9SL  9'8SL  60SI €8yl 9SYL OSKlL . YOvL  gseL ESEL 8TElL €08l @2l €93 6%l S0ZL TBLL  @SIL gelL ZHHL 6'80L 9901 vH0L 30l 000L
eyl g9kl Ovkl 9Ll O6EL  S9EL OvEL  9LEL c6el 89l  SPZl  1egl §6LL .S TGOSl ZOLk §80L €90L Z¥0lL 0720l 668 L6 L'G6
Serlt  1OvL LZgl €56l 628l SO08L  gezl 66cl g€zl Vil U'6H E9H  L¥ll SEZH €O0LL @8l 090L &€0L 810l 2166 L6 9586 9e6 916
YOEL  L'V¥EL @ISl S62L €431 bSZL 932l 90EL g8LL €9l I'vHE OBHL 6%0L 8201 £'S0L £S0F 910 b 966 9.6 996 9¢6 P £68  §/8
8'0EL 98k ¥'9El V2L L'Z@l 00Zk 9LLL ZGiH L€l gL 680l gZ0L SS0L .SEUl S0l 966 S4B 9GE 9¢6 18 9§68 648 198 298
9GeL g€l ¥IZL €6 €4l ZSLL TELL T ¢60} <C/0L ESOL £E0L €101 ¥'66 S48 956 L't6 8'le 668 1'sg 98 LAz 9¢8 808
L0k I8 LSLE vl Lell. g0k 9801 - 6901 0601 80l g0 €66 . ¥/6 8§96 /€6 618 008 €88 $98- 998 68 ie. veL 9l
g9l Z¥H €ell ¥OM  S80F 990l /L¥0l 670F O 0L ‘¢ g6 9%6 '86  ©'L6 Los  v88 g9 8%8 I'eB" ¥18  L'6L. 0'8L €9L 9L
€1k OOLF 280l €90L S¥0L  L20lL 600L L'66 €6 996 ’¢6 06 06 S8 898 0'e8 . ges o8 008 €8L° 9oL 0'sz geL LiL
6401 1'90L €¥0l STL L00L U066 [¥4:] S°G6 8€6 0¢6 €06 988 698 S8 geg 6’48 208 98, UL €8L Ll Vel S50L 6789
FPQF  €80F 900l 686 T8 GG 96 126 ¥y0s 288 1'Z8  vg8 2'e8 Le8 S08 68L €L LSL VL S8l 0L v6e 848 €99
S00L €86 1’6 556 2cs ] 08 688 <ie gse 08 ¥'z8 208 6L 9L V9L SvL 6T, ¥l 869 €89 299 €59 LE9
Vi ¥'S6 8€6 cee 906 068 8 968 c¥8  9T8 018 S6L 6LL ¥9L 6%L €eL 8L £€0. 889 €9 859 €9 8¢9 €19
8'es cT6 906 Leg S48 698 ¥R 8e8 g8 86L c8L 197 TS8L L€l gel LOL 269 /8 €93 89 ¢g9 8’19 voe  06s
408 68 9/8 L'eg o8 Le8 g8 008 §8L 0L SGL 372 gesL 372 289 c89 299 €59 ®8€% ¥e9 019 9'6g ¢8G  89%
88 €og 8¥8 EEB @18 €08 g8L g©L 8SL V¥ 0eL gL 1oL 989 749 858 ¥9 0€9 919 T09 88 ¥IS 098 9%S
68 58 0ce S$08 V6L  giL  T9L  8vL €eL 6L S0L 189 219 €98 699 S'e9 189 L09 €65 08 995 ¢'ss 6€S 5§¢8
[24] 908 €8 62 g'9L VSL gL gel 60. ges rge 199 £'s9 0¥9 geg g9 665 988 .48 995 SYS 2'es 8L G038
6L CBL 88L ¥S. O¥. 9B €1 669 §89 Ti9 859 SY9 1'e9 819  ¥09 1’88 @/5 ¥ 'S 889 gEs z'lg 66y g8y
VL LSL ¥¥L 08L 9L €0 689 9.9 €99 &8 g€e9 €28 609 968 €89 048 165  ¥¥S P’es 815 §og g6t 08y Loy
A 74 €€L  0%L L0, €69 089 199 g9 Y9 ges g9 ¢09 689 9.8 €9% 098 L85 ¥EE IS 66V o8r  ¥ib For 6%
€Tl UL 289 t'8s '8 899 S¥9 e8 619 109 ¥'6g '8¢ go9g SRS o 2] I'ee 818 508 g6 gy g9 9% €%y ey
(3074 8’89 S8  T99 0's9 A > B A Y] cls 668  9'¢5 ¥i5 1es &S 9€s  ¥eS IS 66r LBy S €9 -0Sh 8E¥r 9% Vv
649 499 ¥S9 ¥ 829 18 +¥09. 265 648  L'98 §'698 - TYS 0EE @S 905 E6r '8y  69% LS SPr  gep Y 4 80 l'eg
859 ¥ peg e 609 165 p8g TLS 098 g 9es ¥38 ¢lg 008 @8 9L Y9y ITSY OFF STy oLy S0y gEE  L'8g
2¢9 9¢8 ¥i9 09 688 L% 595 €58 '¥S  0'eg 8lS 805 ¥er g8k O 6Sr  Lib Sey €% TIW OOv 688 148 g9
819 909 65 €95 128 698  I'¥8 §es €38 TS C0s 88y Ly gy €St vy UeF 6y LO0F  96E ¥'8¢g €8 - g9 058
665 88 94§ ¥98 ges F¥s 635 21§ 908  ¥e¥ 2R 14 Viy 0%y 8% L 9% ¥IF  sov I'se 088 692 8'ge ove  SEE
I'88 698 g%5g 9F¥s  ges £T8 79 00s 68y LV ger gS¥ €vr  ZEF Fey o'y 868 88 9/ G98 ¥'Sg 382> ¢EE l'ge
€98 L1'SS  0%S 6cs I'Ig 908 Sev £8F (444 Loy 0Sy  6er 83 S SO0y +6c  £88 glS lge 0ge - 6'ee 8'ce L1 10g
S'vg ¥'es €¢s ¢S 005 6'8p gLy L9y 9% Sv ey ey <y I'oy 06t 648 BGE '8¢ L'¥e 988 gEs 7ie €0 ¢g6c
238 LS 90s §6F ver e Zor 'Sy o¥r 6T 6 g0F 468 98¢ §/Z& §9¢ ¥S8 Ev¥e geg gee e 00e 06 ©64L¢
s Fos  o6r 6y 89 L'sy ¢ 9ch Sey Vi ¥oF  g6g ¢ee gL i'ge - 0% 0O¥e 6T 61 808 162 88 9/l g9e
S'6¥ §8F V¥iF €9 €St T¥y L'ey L'gy 0lr 66t 688 8.l g9e rse  Lve 9gg 92 Sl 908 962 8T vie €9C ©S¢
14 FA4 14 4 i24 e o |34 or 68 8€ 8 9g Se ve £e e Le og 62 82 Fx4 92 2 ON

SASOd S[IBM IPWS 'ON

(Tw go1/M19) siqeL NdIN 000Z/ARIE-URND XXIdl € T1aYL

1069

PRO_00105244



Case 1:13-cv-01215-TSC Document 198-24 Filed 10/07/19 Page 108 of 121

G oese

B \ o

TABLE 4 MPN Index and 95 % Confidence Limits for Various-Combinations of Positive Results When Flye’ Tubes ‘are‘_l’J‘sedIDiIutIon

. (10.-ml, 1.0 mi, 0.1 'mLy*

At 95 % Confidence Limits 95 % Confidence Lirmi
Combination of e ndexjt00 L.~ S Combination of  \1on ndexs100 MLy ———=s © adid fho
Postives: : . . Lower - ¢ Upper . Positives . o o Lower  “ . Upper
‘ 4-2-0 20 9.0 56
0-0-0 ' - <2 — — R 26 12 65
009 - o2 1.0 - T o 4-3-0. ' 27 Co 12 ‘ 67
01-0 2 1.0 10 4-3-1 33 16 77
0-2-0 4 1.0 13 440 34 16 80
5-0-0 23 9.0 86

1-0-0 2 1.0 1 5-0-1 30 10 110
1-0-1 4 1.0 15 - | B-0-2 40 20 140
1-1-0 4 1.0 15 ‘ 5-1-0 30 10 120
111 6 20 18 _ 51 50 20 150
1:2-0 6 2.0 18 ‘ 1612 60 ‘ a0 180
2900 4 1.0 17 520 50 20 170
2:0-1 . 7 2.0 o0, 521 70, 30 210
2140 7 2.0 S Y EE- ¥ ¥ = 90" 40 : 250
2.4-1 9 3.0 24 53-0 80 30 250
2-2-0 9 30" 25 581 © 110 40 300
2:3:0 12 5.0 29 5-3-2 140 60 360
3-0-0 8 3.0 24 5-3-3 170 80 410
3-0 "o ©A0 20 5-4-0 .130 50 390
3-1-0 11 40 © 29 541 170 70 480
311 14 6.0 35 5-4-2 220 100 580
3-2-0 14 6.0 3% 5-4-3 280 120 690
3-244 Ly 7.0 40 544 350 160 820
) ] 55-0 : 240 ) 100 | 940
400 13 5.0 38 561 300 100 ° 1300
4-0-1 17 7.0 45 552 500 200 2000
444-0 17 7.0 . 48 563 900 © 300 2900
4141 ‘ 21 9.0 55 5-5-4 ‘ 1600 600 - 5300
41-2 26 12 63 5-5-5 =1600 — —"

“Based on Standard Methods for the Examination of Wai“er‘,‘and Wastewater, 19" ed.

TABLE 5 Mean Count, Overall Standard Deviation and Single Operator Standard Deviatlon

i

Note 1—All caloulations were made from the statistical suimary given as Table One in the smdy file

Summary Table ) .. LowLevel ) Middle Level : ‘ High Leve! .
o , “n 3 & S0 n X LSt So no X st’. so
Background MPN/100 mL % % MPN/100 mL % % MPN/100 mL % %

Matrix ' ' ’ o '
Drinking water "9 9.1 1277 242 9 26.2 15.1 15 9 81.0 10.2 9.5
Rec. water ’ 9 9.44 3024 2344 9 201 141 6.9 9 64.3 106 1
Fresh » . ' '
Rec. water L 8 794 2524 1774 8 204 . . 174 13 8 ' 676 80 76
Marine

“0ne valye rejected to nake thig estimate.

The American Society for, Testing and Materials takes no position respecting the validity of any patent rights agserted in connection
with any item mentioned in this standard, Users of this standardare expressly advised that dgtermination of the validity of -any such
patent rights, and thé risk of infringement of such rights, are entirely thelr own rasponsibility.

This standard is subject to revision at any time by the responsible techinical commities and inust be reviewed every five years and
if not reviséd, eltfietreapproved or withdrawn. Your comments are invitad elther for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve caraful consideration at a meeting of the responsible
technical committes, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views kriowri o the ASTM Committee on Standards, at the address shown below.

This standard is capyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, Weist Gonshohocken, PA 19426-2959, Unlted States.
Individual reprints (single or multiple coples) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service @astm.org (e-mail); or through the ASTM website (www.astm.org).
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Hn,) Designation: D 665 — 98°" st )

PG

THE I8STITUTE
OF PEROLELIM

DeSIgnatlon 135/93

Standard Test Method for

An American National Standard

Rust-Preventing Characterlstlcs of lnhlbited Mmeral O|I in

the Presence of Water

This standard is issued under the fixed desxgnatlon D 665; the number 1mmedxaiely following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indjcates the year.of last mapproval A
superscnpt epsilon {e) indicates, an edijtorial change since the last. revision or reapproval. . . . .

¢! Nors—Paragraph

1. Scope

1.1 This test method is used to .evaluate the ability of
inhibited mineral oils, particularly steam-turbine oils, to aid in
preventing the rusting of ferrous parts should water become
mixed with the oil, This test method is also used for testing
other oils, such as hydraulic oils and circulating oils. Provision
is made in the procedure for testing heavier-than-water fluids.

Nore 1—For synthetic fluids, such as phosphate ester types, the plastic
holder and beaker cover should be made of a chemically resistant material,
such as polytetrafluoroethylene (PTFE).

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

A 108 Specification for Steel Bars, Carbon, Cold-Finished,
Standard Quality?

A 240/A 240M  Specification for Heat-Resisting Chromium
and Chromium-Nickel Stainless Steel Plate, Sheet, and
Strip for Pressure Vessels®

Dol 4Test Method for Precipitation Number of Lubricating
Oils

D 1193 Specification for Reagent Water’

D 1401 Test Method for Water Separability of Petroleum
Oils and Synthetic Fluids*

! This test method is under the jurisdiction of ASTM Committes D-2 on
Petroleum Products and Lubricantsand is the direct responsibility of Subcommittee
DQO2.C on Turbine Oils.

In the IP, this test method is under the jurisdiction of the Standardization
Committee. This test method was adopted as a joint ASTM — IP standard in 1964,

Current edition approved June 10, 1998, Published September 1998. Originally
published as D 665 - 42 T. Last previous edition D 665 - 95.

2 Annual Book of ASTM Standards, Vol QL.05.

3 Annual Book of ASTM Standards, Vol 01.03.

4 Annual Book of ASTM Standards, Yol 05.01.

% Annual Book of ASTM Standards, Vol 11.01.

Copyright @ ASTM, 100 Barr Harbor Drive, West Conshiohocken, PA 19428-2959, United States.
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2 was comeeted editorially 1n Avgust 1999, o

D 2422 Classification of Industrial Fluid Lubricants by
Viscosity System*

D 3603 Test Method for Rust-Preventing Characteristics of
Steam Turbine Oil in the Presence of Water (Horizontal
Disk Method)®

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products®

E 1 Specification for ASTM Thermometers’

Motor Fuels, Section I, Annex A2, Reference Materials and
Blending Accessories®

2.2 Other Documents:

Specifications-IP Standard Thermometers, Appendix A®

Speciﬁcgtions for IP Standard Reference Liquids, Appen-
dix B

SAE Standard J 405 Chemical Composition of SAE
Wrought Stainless Steels!®

BS 871 Specification for abrasive papers and cloths®

BS 970: Part 1: Carbon and Carbon Manganese Steels
Including Free Cutting Steels®

3. Summary of Test Method

3.1 A mixture of 300 mL of the oil under test is stirred with
30 mL of distilled water or synthetic sea water, as required, at
a temperature of 60°C (140°F) with a cylindrical steel test rod
completely immersed therein. It is customary to run the test for
24 h; however, the test period may, at the discretion of the
contracting parties, be for a shorter or longer period. The test
rod is observed for signs of rusting and, if desired, degree of
rusting.

4. Signiﬁcance and Use

4.1 In many instances, such as in the gears of a steam
turbine, water can become mixed with the Iubricant, and

© Annual Book of ASTM Standards, Vol 05.02.

7 Annual Book of ASTM Standards, Vol 14,03,

& Annual Baok of ASTM Standards, Vol 03,04,

® Annual Book of IP Standard Methods for Analysis and Testing af Petroleum and
Related Products, Vol 2.

%0 1995 SAE Handbaook, Vol 1.
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rusting of ferrous parts can occur. This test indicates how well
inhibited mineral oils aid in preventing this type of rusting,
This test method is also used for testing hydraulic and
circulating oils, iricluding heavier-than-water fluids. It is used
for specification of new oils and monitoring of in-service oils.

Note 2—This test method was used as a basis for Test Method D 3603.
Test Method D 3603 is used to test the oil on separate horizontal and
vertical test rod surfaces, and can provide a more discriminating evalua-
tion.

5. Apparatus

5.1 Oil Bath—A thermostatically controlled liquid bath
capable of maintaining the test sample at a temperature of 60
+ 1°C (140 % 2°F) (see Note 3). An oil having a viscosity of
approximately ISO VG 32 (see Classification D 2422) is
suitable for the bath. The bath shall have a cover with holes to
accominodate the test beakers.

Note 3—ASTM Thermometer 9C (9F), as prescribed in Specification
E 1, or IP Thermometer 21C in accordance with IP Volume 2, Appendix
A, is suitable to indicate the teriperature, Alternatively, calibrated ther-
mocouples may be used:

5.2 Beaker—A. 400-mL, Berzelius-type, tall-form heat-
resistant glass'! beaker without pourout, as shown in Fig. 1,
approximately 127 mm (5 in.) in height measured from thé
inside bottom center and approximately 70 mm (2% in.) in
inside diameter measured at the middle.

5.3 Beaker Cover— A flat beaker cover of glass or poly(m-
ethyl methacrylate) (PMMA) (Note 4), kept in position by
suitable means such as a rim or groove. Two holes shall be

.provided on any diameter of the cover; one for a stirrer 12 mm

(*%52 in.) in diameter with its center 6.4 mm (Y in,) from the
center of the cover; and the other, on the opposite side of the
center of the cover, for the test rod assembly (see Section 8), 18
mm (*¥64 in.) in diameter with its center 16 mm (34 in.) from
the center of the cover. In addition, a third hole 12 mm (%2
in.) in diameter shall be provided for a temperature measuring
device, with its center 22,5 mm. (7 in.) from the center of the
cover and on a diameter of the cover at right angles to the
diameter through the other two holes.

Nore 4—An inverted petri dish makes a suitable cover, as the sides of
the dish aid in keeping it in position. Fig. 2 shows a PMMA resin cover

" Borasilicate glass is satisfactory for this purpose,

0.8 DIA RIN
{lrz2")
12.7 DIA s
7! 6. DIA . ‘
(V') "% 6247 STIRRER
= vail 3 d:}————r
4
ASSEMBLY e L '
i
il
1l
70 (234") APPROX il 5
. INSIDE DIA MIDWAY. ‘ 3 g
O [
. 0,6 THICK
= /(0024 N
3 /| N
0l® ’ ‘
b:us? / :
g \J £
¥ ~Ng
T @12‘{7 25 { S
g i R

j-Nom 1-—All units are in millimetres, unless otherwise specified,
FIG. 1.Rusting Test Apparatus

273

PRO_00105312



Case 1:13-cv-01215-TSC Document 198-24 Filed 10/07/19 Page 113 of 121

1

IT.6

184 DA~ , ..
(069“ ot N

0 666

o _1562-1642 ]
“ T08I5"-0.635

- 21.9-22.5
(0.865"-0.885"

LN

4 A

71.:5 DIA_APPROX

(213/6v)
17.8 OIA APPROX

36"
87.3 DIA APPRQX

2.4 APPROX.
3/32")

3 %"

95,3 DIA APPROX
(3 3/4_n)

Note 1—All units are in millimetres, unless otherwise specified.
FIG. 2 Beaker Cover

TEST ROD HOLDERS

fot the beaket Whick has” ‘beéii fourid to bé shitable, An optxona] feattits is
showi, consisting of 14 slot,i1.6. by 27 mim (YechylVas in), whicH:is
ameter of the' stirrer hole at right.arigles to-the cover
gh the test rod-hole -and stitrer hole.:This feature aflows
w}thdrawal of the-stirrer while the beaker cover isin place When the test
‘miethod test is used for other fluids stich as syntheucs, the beaker cover
should be-miade frofi chemically resistant materla] such as polymonochlo-
xotnﬂuoroethylene‘ (PCTFE).

5.4 The' plastlc‘:' holder shail be made of PMMA resin ih
accordance with the dimensions shown in Fig. 3 (two types of
holders are illustrated). When testing synthetic . fluids, the
plastic holder should be- made from, chemlcally res1stant
materlal ! {‘ﬂuoroethylen‘ PTFE) .

] er,constructed entlreLy from
6) in the fonn of an- 1nverted T. A ﬂat
blade b (3 by ). (1 by 0 24 by - 0 024 m) shall be
attached to a 6-mm (. 24-in. ) rod i m such 8. wa.y that the blade
is symmetrical with the rod and has 1ts ﬂat surface in the
Vertmal plfane ‘ B

NOTE 5—A su1table materls.l is an 18‘ % chrommm, 8 % nlckel alloy
steel conformmo to Type 304, of Specification A 240, or SAE No.:30304
(see SAE J405), or BS 970; Part 1; 1983: 3025831.°

Note 6—If stainless steel is not obtainable, stirrers made of heat-
resistant glass** and having approximately the same dimensions as the
stainless steel stirrers specified can be used,

5.6 Stirring Apparatus—Any convenient form of stirring
apparatus capable of maintaining a speed of 1000 + 50 rpm,

5.7 Grinding and Pal;shmg Equipment—A. 150-grit? (99-
pm) and a 240-grit® (58-pm) in accordance with BS 871 or its
equ1valent metalworkmg aluminum oxide abrasive cloth coat
“on’a jeans backing, a suitable chuck (see Fig. 4) for holding the
test rod, and a means of rotating the test rod at a speed of 1700
to 1800 rpm.

TYPE 1 MEXI
. 69.9 . AV WHI TWORTH)
(2% , -
o2t b Ey 21 <
< | Sl o T &~
Sl 222 532 - A BSR4 NS
N[ Tosl)| |ty N , if%‘z'/ﬂ/ /"] =
= g =y
| s =P} e
s R 3 S T dle
(No. 52 DR) t 4 D 3|l Az
. i bd b W
0.4 CHAM AT 45° ‘ ‘/4 M o~ Il
{4 MOX [ o tbos CHAM AT 45" | 456,
(V4" WALTWORTH) ‘ ('/4 ‘ (a1 2.4 RAD
L ) , (3/42)
| TESTROD r
<
£ 81
e BT ‘
',.:1 S 2.7 ; {3 AG, )
o 'W—‘_’I
: |32 RAD
(V")

(Vg wmwonm )

Note " 1—Allunits aré ‘i 1ﬁ11hinctrd‘i
'3'Tést Rod and’Holdets *

'764'

FiG:

J/ 303/‘\——5;15;\« SHARP

tnless’ oifiérivise specified.
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159, 397 14" WHITWORTH
- B (%) 4 )
5~ Lo R 32 | 179 0.4 CHAM AT 45°
NS (Vie") %) ) (Ye'
e - -
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. ) 19 /6u | R
0.8 R C 32
) (‘%2 ) @z
(%2 l-f"
MIGX2 N
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< ~ < (")
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ag ) fle" 3=
E/f/ = o | =
aleg alw
. 222 || 3.2 =X NI
. MIEX 2 - (73»«) (l/e“) alt. ‘ée“l"
{56 WHITWORTH) 3 B

SECTION AA

Note 1—All units are in millimetres, unless otherwise specified.
FIG. 4 Chuck for Polishing Test Rods

5.8 QOven, capable of maintaining a temperature of 65°C
(150°F).

6. Reagents and Materials

6.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society where
such specifications are available.'? Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without Iessemng the accuracy of
the determination.

6.2 Purity of Water— Unless otherwise indicated, refer-
ences to water shall be understood to mean reagent water as
defined by Type II of Specification D 1193. o

6.3 . The synthetic sea water shall have the fo]lowmo coms
position: o ‘

Salt gL
NaCl 24,54
MgCl,-6H,0 11.10
Na,$0, 4,09
CaCl, 1,16

KGOl : 089
NaHCOg 0.20
KBr

a.10

"% Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of teagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, U.S, Pharmacopeial Convention, Ine, (USPC), Rockville,
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HeBO, 0.03
“SrCly8H,0 0.04
NaF 0.003

6.3.1 The solution can bé conveniently prepared as follows.
This procedure avoids any precipitation in concentrated solu-
tions with subsequent: unceértainty of complete resolytion.
Using certified pure (cp) chemicals and distilled water, prepare
the followmg stock solutlons (also see Test Method. I» 1401,
Section 6):

. Stack Solutlon No. 17+ K
) 3885 g

MgCly-6H,0
CaCly(anhydrous) 406g |
8rCl,-6H,0 149
Dissolve and dilute to. 7 L.
Stock Solution No. 2:
KCl 4839 .
NaHCO, 140g -
KBr 70
HgBOs L 21g
NaF .21y

Dissolve and diluts to 7 L
6.3.2 To prepare the synthctic sea water, dissolve 245.4 g of
NaCl and 40.94 g of Na,SO in a few litres of distilled water,
add 200 mL of Stock Solution No. 1 and 100 mL of Stock
Solution No, 2 and dilute to 10 L. Stir the 10-L batch and add
0.1 N'Na,CO, solution until the pH is between 7.8 and 8.2,
One or two millilittes of the carbonate solution will be
required.
6.4 Precipitation Naphtha, as spemﬁed in Test Method
D 91, (Warning—Flammable. Health hazard.)
. 6.5 Isoactane, as specified in Table 32, Motor Fuels Section

PRO_00105314
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I, Annex A2, Reference Materials and Blending Accessories.

(Warning—Flammable. Health hazard.)
6.6 IP 60/80 Petroleum Spirit, as specified by, P Standard
Reference Liquids. ( Warnmg———-Flannnable Health hazard.)
6.7 Steel Test Rod, as specified in"Section 87

7. Sampling

_ preliminary grinding has just been completed, stop the motor
that rotates the test rod. Otherwise, remove the test rod from
_ thé isooctane (previously used unrusted test rods shall be stored
m thrs reagent), dry Wlth a clean cloth and place in the chuck

naIly over the static test rod untrl the founded end, and the

. entire- surface show.visible scratches. Rotate the test rod at a

7.1 Sample for this test can come from tanks, drums, small :

containers, or even operating eéquipment, and they should be
truly representative of the entire quantity. Therefore, use the

speed of 1700 to 1800 rpm. Take the cloth and place it halfway

. afound the test fod, and apply a firm but gentle downward pull
_ to the loose ends of the cloth for about 1 to 2 min so as to

applicable apparatus and techniques described in Practice -

D 4057, or other compdrable standard practice.

8. Test Rod and Its Preparation

8.1 For each test oil, prepare two steel test rods. These may
either be new or from a previous test (seeNote 7) and shall be
prepared in accordance with 8.2 and 8, 3.

produce a uniform finély scratched surface free of longitudinal

. sératches. Carry out the ﬁnal stages of the polishing with new
-cloth.

8.4:2 To ensure that the flat shoulder (that portion of the test
rod perpendicular to the threaded stem) is free of rust, polish

- this area. Thrs oan be’ done by holding a strip of 240-grit
j aluminum ox1de cloth between thé chuck and the shoulder

8.2 The test rod assembly shall consist of s round steel test

rod fitted to a plastic holder. The round steel test rod when new

shall be 12.7 mm (0.5 in.) in diameter and approximately 68 -

mm (21%6 in.) in length exclusive of the threaded pdrtion
which screws into the plastic holder and.shall be tapered at one
end as shown in Fig. 3. It shall be made of steel conforminig to
Grade 10180 of Specification A 108 or to BS 970 Part L
1983-070M20. If these steels are not available, other equiva-
lent steels may be used, provided- they ar¢ found to be

while rotating the test rod for a brief period.
8.4.3 Remove thé.testrod from the chuck without touching
withi the fingers; wipe lightly with a.clean, dry, lintless cloth or

- tissue (or brush: the test rod lightly with a camel’s hair brush);

satisfactory by comparative test using this Test Method

D 665 —IP 135.

Note 7—When making a check test, the stéél test rod that showed rust
should not be rensed, Test rods that repeatedly show rust in tests of various
oils can be 1mperfect Such test rods should be used with oils known to
pass.the test. If msting occurs in repeat tests; these 1&gt rods’ shoild be
disearded. - .

"8.3 Prehmmary Grmdmg—Iflthe test rod has been used
previously and i§ fieb of st of - other irrégularities, the
preliminary grinding may be omitted, and it may be subjected
only to final polishing as prescribed in 8.4. If the test rod is new
or if any part of its surface shows. rust or other irregularities,
clean it with"ASTM precipitation naphtha or isooctane or IP
60/80 petroleum spirit and grind with meédium 150-grit alumi-
num oxide cloth to remove all itregularities, pits, and scratches,
as determined by visual inspection: (Note 8). Perform the
grindings by mountmg the test rod in the chuck of the grinding
and polishing apparatus, and turning it at a speed of 1700 to
1800 rpm while applying the 150-grit aluminum oxide cloth.
01d 150-grit aliminum oxide cloth may be used to remove rust
or major irregularities, but complete the grinding with new
cloth. Proceed at once with the final polishing with 240-grit
alummum ‘oxide cloth or'rémove the ‘test’ rod fron the chuck
and storé in’isosctans until needed. Discard reiised tést rods
when the d""mete s‘reduced to 95 M- (O 375 in.).

o, not touch the test rods w1th the ands at any stage after
cleanmg w. phtha or zsooctane ‘of the petrole ‘mt (whrch precedes
either prelitnihary grmdmg br-final pohshmg) tintii 'thé test is comple{ed
Forceps or a clean, lintless cloth may be used R

8.4 Firal Polzshmg

8.4.1 Just before the test is to be made, subJect the test rod
to final Polishing with 240-grit: aluminum-oxide cloth, If-the

[N SO
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aftach to the plastlc holder, and immediately immerse in the oil
to be tested. This can be either the hot oil sample (see 9.1) or
a clean test tube commmng a portion of the sample. The test
rod can be removed later from this tube and allowed to drain
'brleﬂy before being plated in the hot oil.

9. Procedure A for Distilled Water

9;1 Clean the beaker in :accordance with-good laboratory
procedure, wash with distilled water, and dry in an oven, Clédn
glass beaker cover and a glass stirrer by the same procedure To
clean a stainless steel stirrer and 4 PMMA cover; 1ige"ASTM
precipitation naphtha or-isooctans: or:IP-60/80 petroleumn spirit,
wash:thoroughly with hot water-and finally with-distilled water,
and-dry in di aven at a-temperature not-over. 65°€ (150°F),
Pour 300 mL of the. il to. be tested (see Practice D 4057) into
the ‘beaker -and place. the beaker in the. oil bath held at-a
temperature that will maintain the-oil sample at-60 = 1°C(140
& 2°F). Insert the beaker into a hole of the bath cover and
suspend in the hole with the beaker rim resting on the: bath
cover. The oil lével in the bath shall not be below the ¢il level
in the test-beaker, Cover the beaker with the, beaker cover with
the stirrer in position in the proper opering. Adjust the: stizrér
so that the shaft is 6-mni’(0.24 in.) off centér:in the beaker
containing the oil sample and the blade is not more than 2 mm
0.08 in)) from the bottom of the beaker. Then suspend a
temperature measuring device through th¢ hole in the cover
intended for that purpose so that it is iminersed to a depth of 56
mm (2.2 in.). Start the stirrer and when the temperature reading
reaches 60 = 1°C (140£ 2°F), insert the stee] test rod prepared
in accordance with Section 8.

9.2 Insert the test rod assembly through the test rod hole in
the beaker cover and suspend so that its lower end is 13 to 135
mm (0.51 to 0.59 in.) from the bottom of the beaker. Either
type of plashc test. rod holder (see Flg. 3) may be. uSed The
hole through. which the: test rod is suspended shall >be unob—
structed (see Note 9) e ‘ PRI

B AT . e ;“.g“,"'

Nom 9—Frg 1 shows the arrangement of the apparatus
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9.3 Continue stirring for 30 min to ensure complete wetting
of the steel test rod. With the stirrer in motion, remove the
temperature measuring device temporarily and add 30 mL of
distilled water through this hole, discharging the water on the
bottom of the beaker, and replace the temperature measuring
device. Continue stirring at a speed of 1000 £ 50 rpm for 24
h (see Note 10) from the time water was added, maintaining the
temperature of the oil-water mixture at 60 = 1°C (140 * 2°F),
Stop stirring at the end of the 24-h period, remove the test rod,
allow to drain, and then wash with ASTM precipitation
naphtha or isooctane, or IP 60/80 petroleum spirit. If desired,
the test rod may be preserved by lacquering.

Note 10—In general, observations of rusting made at the end of the
12-h testing time are indicative as to whether the oil will pass or fail. It is
customary to run the test for 24 h; however, the test period may, at the
discretion of the contracting parties, be for a shorter or longer period.

10. Procedure B for Synthetic Sea Water

10.1 The procedure for rust-preventing characteristics of
inhibited mineral oils in the presence of synthetic sea water
shall be identical with that described in 9.1, 9.2, and 9.3, except
use synthetic sea water in place of distilled water in that portion
of the procedure described in 9.3.

11, Procedure C for Heavier-Than-Water Fluids

11.1 The stirring action provided by the stirrer prescribed in
5.4 is not sufficient to mix thoroughly the water and test sample
when the fluid under test is heavier than water. This section is
meant to define changes in the test method to accommodate
heavier-than-water fluids. Except as specifically stated, all the
requirements of the previous Sections 1-10 shall apply. Since
this procedure can be performed with distilled water or
synthetic sea water, take care to include this information in the
report.

11.2 Apparatus:

11.2.1 Beaker Cover— Same as prescribed in 5.3 (see Note
11).

Note 11—Some heaviet-than-water fluids can attack or dissolve
PMMA beaker covers and test rod holders, 1t is recommended that PCTFE
beaker covers and PTFE test rod holders be used when testing heavier-
than-water fluids,

11.2.2 Stirrer—Same as prescribed in 5.4 ‘but with an
auxiliary blade attached to the stirrer shaft, The auxiliary blade
shall be of stainless steel, 19.0 by 12.7 by 0.6 mm (0.75 by 0.50
by 0.25 in.) as shown in Fig. 5. The auxiliary blade shall be
positioned on the stirrer shaft so that the bottom edge of the
auxiliary blade is 57 mm (2.25 in.) above the top edge of the
fixed lower blade, and so that the flat surfaces of both blades
are in the same vertical plane.

11.3 Test Rod and Its Preparation—Same as prescribed in
Section 8,

12. Interpretation of Results

12.1 Perform all inspections at the end of the test to
determine the condition of test rods without magnification
under normal light. For the purpose of this test, normal light is
considered to be illumination of about 60 footcandles (650 1x).
Within the meaning of this test method, a rusted test rod is one

63 DIA
(1 /4" )

BLADE
0.6 THICK
(0.024)

BRAZE

DRILL AND TAP TQ FIT

3mm SETSCREW
{(No. 4 ALLEN)

e 3l
] - [
O S|
L] -
9.5
EZS)
19.0
7%

Note 1—All units are in millimetres, unless otherwise specified.
FiG. § Auxillary Stirrer Blade (not to scale)

on which any rust spot or rust streak is visible by the above
inspection procedure.

12.2 For the purpose of this test method, rust is an area of"

corrosion of the test surface that is identified by color and is
confirmed by the presence of pits or roughness if the surface is
wiped with a lintless cloth or tissue paper, Neither surface
discoloration nor specks, which can easily be removed with a
lintless or tissue paper cloth with no evidence of pitting or
roughness, shall be considered to be rust.

12,3 In order to report an oil as passing or failing, conduct
the test in duplicate. Report an oil as passing the test if both test
rods are rust-free at the end of the test period. Report an oil as
failing the test if both test rods are rusted at the end of the test
period (see Note 12). If one test rod is rusted while the other is
free of rust, test two additional test rods (see Note 7). If either
of these latter test rods shows rusting, report the oil as not
passing the test. If neither of these latter test rods shows
rusting, report the oil as passing the test.

Nore 12—An indication of the degree of rusting occurting in this test
may be desired. For uniformity in such cases, use of the following
classifications of rusting severity is recommended:

Light Rusting—Rusting confined to not more than six spots, each of
which is 1 mm or less in diameter,

Moderate Rusting—Rusting in excess of the above but confined to less
than 5% of the surface of the test rod.

Severe Rusting—Rusting covering more than 5% of the surface of the
test rod,

12.4 Areference oil with a Pass in Procedure A and a Fail in
Procedure B can be prepared as follows: Add 0.0150 mass %

o - -
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of an additive: concentrate’® to a white mineral oil.!* The
additive concentrate consists of 60 mass % of dodecenyl
succinic acid and 40 mass % of normal para.fﬁn oil, ISOVG 22
(see Clasmﬁcaﬁon D 2422) 15

13. Report

13.1 The test report shall contain. the followmg

13.1.1 The type and identification of fhe product used.

13.1.2 The date of the test. .

13.1.3 A reference to this ASTM-IP standard, md1catmg
whether Procedure A B, or C was used. Since Procedure C

'3 A suitable additive concentrate is Lubrizol 850, as used in the ASTM round
robin. Lubrizol 850 is available from ‘Lubrizol Corpotition, Wickliffe, OH.

14 A suitable white mineral oil is USP Mineral Oil with a viscosity in the order
of ISO VG 32 (Penréco Drakeol 19 ‘was used in the ASTM round robin and is
available, from Penreco, Kams City, PA). ;

13 The ‘resulis of the cooperatxve test program usmg this reference oil are
available from ASTM Headquarters as RR:D02-1284.

P o

may be followed with either:distilled water o’ sea water; be
sure to include the type of'water used in this case. - :

1+13.1.4 The:duration of the tests.- -« R

13.1.5. Any deviation from the procedure specnﬁed

13.:1:6- The tesult of the test, mcludmg degree of seVerlty of
rustmg, if desired.

14. Precisxon and Bias ' . v "

' 14.1" Precision—It is not practicable to specify the precision
of the ‘procedure ifi this test method because the results of the
teést are only’ mtended to give & pass/fall ratmg to the 011 bemg
tested. vt ,

14.2 Bigs—The procedure in this test method has no, blas
because the value of rust-preventmg charactenstlcs is. deﬁned
only m terms of this test method: - . . . - .

15. Keywords SR

15.1 circulating“éils: heavier-thati-water fluids; hydraulic
oils; inhibited ..mineral- oil;" rust-preventmg characteristics;
steam-turbme oils . o

The Amierican E‘;oc:ety for Testing and Materials takes no position respecting the valldity of any patent rights asserted in conneotion i
with any n‘sm mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such, |
patent rights, dnd the risk of Infringémeént of such rights, are entirely their own responsibility.

- This standard is subject to, revision at any.time by the-idsponsible technical comritléé and st be réviewed eveiy five yéirs and
i not raviseq, either reapproved or withdrawn. Your comments are invited e/ther for ravision of this standad or.for-additional standards’ ;.
"arid shiolld be acidressed to ASTM Headquan‘ers Your comments will rece:ve oareful cons:deranon ata meatmg of the respansible .

tachnical committee, which you may attend. If you feel that your comiénts Aédve nbt rébeived a rair‘hearmg you shotll make your ,
views known to the ASTM Committee on Standards, 100 Barr Harbor:Drive, West. Conshohooken, PA 19428. . 0

RIS

Thla standard’ Is copyrighted by ASTM 100 Barr Harbor Drlve, West COnshahocken, PA 19428-2959 Umted States /ndiv/dua/

reprints (single or multiple copies) of this standrd ihdy be dbtained by contacting ASTM at th above addrasa or ai 61 0-832 9585
. (phone), 610-832-9655 (fax), or serwce@aslm org-(e-mail); or through the ASTM' website (hrtp AW astm org) e
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qm}vj Designation: D 814 - 95

Standard Test Method for

Rubber Propertym Vapor Transmission of Volatlle quulds

‘This standard is issued under the fixed designation D 814; the number 1mmedmtely following the des]gnatlun indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon («) mcllcatt‘% an «,clltoml change since the last revision or reapproval,

1. Scope

1.1 This test method covers the measurement of the rate
of vapor transmission of volatile liquids through a rubber
sheet, disk, or diaphlagm

1.2 The values statcd in SI units are to be rcgcudcd as the
standard.

1.3 This standard doe.s not purpun‘ to address all o/ the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applzca—
bility of regulatory lzmzta(zons przor L0 use.

2. Referenced Dowment,

2.1 ASTM Standard:
D 3767 Practice for Rubberwl‘vlwburement of Dimen-
sions? ‘

3. Significance and Use

‘finish at the contact surface. The opening shall be equlppcd

with a metal screw ring clamp helding a smooth-edged, flat,
sheet-metal ring 55,6 = 0.4 mm (2,188 £ 0.015 in.) in inside
diameter and approximately 68.3 mm (2.69 in.) in outside
diameter. The ring clamp and ring serve as'a clamping device
for holding the specimen against the ground-glass-edge of the

jar with a circular specimen area 55,6 mm (2,188 in.) in

diameter exposed 1o the air while permitting the screw clamp
to be tightened to form a leak-proof seal without subjecting
the specimen to torsional strain. When testing extensible
materials, a circular disk of 16 to 20-mesh screen shall be
placed inside the screw ring clamp between it and the flat
metal ring to prevent stretching of the specimen dulmg the
test. The screen disk may be soldcmd in placc on top of thc

‘sheet metal ring if desired.

Now 1A, suiitable vapor iransmission Jar mdy bu prepared trom a
i5-pt Mason jar equipped with a Kerr-type screw cap, proyided the t,dgc
of the jar is properly ground and finished with fine emery and the cap i

* -cut with smooth, flattened edges to form the refpuired circular opening,

3.1 The rate of transmission ()f‘ a hqmd through a mbhm .

sheet, that acts as a batrier, is important in rubber diaphragm

performance and other similar industrial applications, This

transmission is referred to as vapor trapsmission gince- the -

liquid diffuses through the rubber in a molecular sense and
escapes into free atmosphere in vapor form, |

sheet form of moderate thickness and is principally useful for
compating the relative vapor transmission of different lig-
uids in the same rubber or of the same liquid through
different rubbers. Comparisons should not be made in which
both different rubbers and different liquids are used.

4, Apparatus

4.1 The test apparatus shall consist essentially of glass
vapor transmission jars (4.2) for each liquid, on which the
test specimens are mounted, and a suitable rack for sup-
porting the jars in an inverted position in such a way as to
allow free circulation of air over the surface of the specimen.
The apparatus shall be kept in a constant temperature
cabinet or room at 23 = 2°C (73.4 + 3.6°F).

4.2 Vapor Transmission Jar-A glass jar of approxi-
mately 236-cm? (14-pt) capacity with an opening of 60.3 %
0.4 mm (2,375 £ 0.015 in,) in inside diameter and a wall 3.2
mm (0,125 in.) in thickness at the opening, which shall be
ground flat without rounded edges to a smooth ground-glass

I'This test method is under the jurisdiction of ASTM Committee D-11 on
Rubber and is the direct respomsibility of Subcommittes D11.10 on Physical
Testing.

Current edition approved May 15, 1995. Published July 1995, Originally
published as D 814 - 44 T, Last previous edition D 814 ~ 86 (1991)%1,

% dnnued Book of ASTM Standards, Vol 09.01.

4,3 Dial M zcromereerhe dial micrometer shall conform
to the requirements of Method A of Practice D 3767,

4.4 Balance—The balance shall be of emtable capacity
capable of weighing to 0. ()05 g

P

o 8, Test S men i
3,2 This test method is applicable only to the materials in est Specimens ' )

5.1 The test specimens shall consist of circular disks 68
mm (2.69 in.) in diameter, cut with a sharp-edged die from a
sheet of the material being tested. The thickness of the sheet,
which shall not exceed 3.2 mm (0.125 in.), shall be measured
using the dial micrometer described in 4.3.

5.2 For evaluating the vapor transmission of a particular
liquid with respect to a given rubber, three specimens having
the same nominal thickness within a tolerance of £3 % shall
be tested, The vapor transmission of the liquid shall be taken
as the average of the values obtained from the two rubber
specimens giving the lowest results, providing these check
within 20 % of the average so determined.

6. Procedure

6.1 With the vapor transmission jar in an upright posi-
tion, place 200 cm? of the test liquid in it, after which fit the
test specimen over the mouth of the jar, place the ring and
wire screen in position, and screw down the screw ring clamp
lightly. Hold the assembly in the constant temperature
cabinet or room at 23 + 2°C (73.4 £ 3.6°F) with the test disk
lightly in place until temperature equilibrium is obtained.
Then screw down the ring tightly and allow the assembly to
stand in an upright position for 2 h. Make a tare assembly
using a duplicate jar and a test specimen of the same size but
without the addition of the test liquid. Place suitable
weighting material such as lead shot in the tare jar to bring its
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mass to approximately that of the assembled jar and con-
tents, Condition the tare jar at the test temperature, seal if,
and handle throughout the test in a manner similar to that
used for the test jar. Place the test jar ona balance of suitable

capacity capable of wc1gh1h;‘,,‘1o 0.005'g, 4nd couriterbalande

it against the tare jar, adding weights as required for

equilibrium. Take the original mass of the test assembly a$ -
that of the tare corretted for the addéd weights and Iecord to, .

the nearest 0.005 g.

6.2 After weighing, mvert each test jar assembly and place
on the. r,mk suppoxtmg eaqh in such A, way. that. the entire
inner surface of the specimen remains: in contact ,wnth th,le
liguid - throughout, .the . test: - If -the, rack. is located .in a
conditioning cabinet,. take; dare to,remove- diffused vapois
from, the chamber and to- assure free circulation of fresh air
by mieans of a fan”or" othier switdblesdevice. Twenty-four
Kours after invefting'theé jar, again’ weigh it agdinst the tare
jar. Any excessive 10ss of mass indicates that leakage due to
1mpi’oper séal is ()cc rring. Rémové such {eist asscmblms and
replace the:m b ‘new assemblies properly prepated. Return

) asser !{ to,the rack and rcwclgh agatnst the 1arc
after pemo&s of “‘120 % 2'hiand 192 % 2 h from the injtial
inversion. Consider the difference in mass between those
obtained at 120 h (5 days) and at 192 h (8 ddys) dwlded by 3
"as the averagc: maqs of 1i Iost pér 24

NoTE 2--In this test, the specimens are allowed to remain in contact
with the liquid for 5 days before starting measurement of the loss in
order to pelmlt the mw of dlﬂ‘\usmn ot the hquld to become uniform.

7. Calculatwn o . -

. 7.1 BXpress the vagor transinission rate'(VTR) of each test
liquid thh rc,spect to Lhe rubber employcd and calculate as
follows: . e
Vapor transmission rate (VTR)” mg/(a -m2) = 4,77

X average mass in grams of liquid lost per 24 h
8. Report

8.1 The report.shall include the following:
- 8.1.1 Identification of the'test rubber, -
8,1.2 Thickness of the 1651 rubbey to 1he nearest 0 025 mm

©00L i)y -

8.1.3 Identification of the texst 11qu1d and :
v 8l e Vapor transmission rate (VIR)-of the liquid, ex-

'pma,sc:d in millig dms per second pers square metre of Wetted

area. : ;

9. Precision , ) ) . ‘
9.1 Due to a lack of laboratories willing to particiiaate in
round-robin testing, no precision data are. gvailable for.this
test method.
10. Keywords . .
10.1 vapor transmission; volatile llqmds

o ‘ Lo The Amencan $ocie!y for Testmg and Materials lakes no poaition respecting the validity of any patert rights asserted in cofinection
with any ftem mentioned in this standard. Users of this standard are expressly. adyised that determination of the valldity of-any such .

; patent rights ahd the Pisk of Infrlngement of such rights, are entirely thalr own reepon sibll!ty

At YAV

g . oy

: Thls standard is subieqt 1 revision ﬂ! any timé by the reaponslble ‘technical commmea and must be mv/awad avary five’ yaars and
if not revised, efther reapprover] of withdrawn, Your comments are invited either for revision of this standérdior tor adtditional Stantiartls
and should be addressed to ASTM Headguarters, Your comments will recelve careful consideration;at a meéting of the tesponsiple .
technical committee, which you may attend, It you feel that your comments have not recelved, gilair hear/ng you shoyld make your .

views known to the ASTM Commitieg &rr Stahdards, 1916 Race St., Phlladelphla, PA 1 91 03
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