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[Code of Federal Regulations]

[Title 40, Volume 22]

[Revised as of January 1, 2008]

From the U.S. Government Printing Office via GPO Access
[CITE: 40CFR136]

[Page 5-363]
TITLE 40--PROTECTION OF ENVIRONMENT
CHAPTER I--ENVIRONMENTAL PROTECTION AGENCY (CONTINUED)

PART 136_GUIDELINES ESTABLISHING TEST PROCEDURES FOR THE ANALY SIS OF POLLUTANTS--Table of Contents

Sec.

136.1 Applicability.

136.2 Definitions.

136.3 Identification of test procedures.

136.4 Application for alternate test procedures.

136.5 Approval of alternate test procedures.

136.6 Method modifications and analytical requirements.

Appendix A to Part 136--Methods for Organic Chemical Analysis of
Municipal and Industrial Wastewater

Appendix B to Part 136--Definition and Procedure for the Determination
of the Method Detection Limit--Revision 1.11

Appendix C to Part 136--Inductively Coupled Plasma--Atomic Emission
Spectrometric Method for Trace Element Analysis of Water and
Wastes Method 200.7

Appendix D to Part 136--Precision and Recovery Statements for M ethods
for Measuring Metals

Authority: Secs. 301, 304(h), 307 and 501(a), Pub. L. 95-217, 91
Stat. 1566, et seq. (33 U.S.C. 1251, et seq.) (the Federal Water
Pollution Control Act Amendments of 1972 as amended by the Clean Water
Act of 1977).

Sec. 136.1 Applicability.

(a) The procedures prescribed herein shall, except as noted in Sec.
136.5, be used to perform the measurements indicated whenever the waste
congtituent specified is required to be measured for:

(1) An application submitted to the Administrator, or to a State
having an approved NPDES program for a permit under section 402 of the
Clean Water Act of 1977, as amended (CWA), and/or to reports required to
be submitted under NPDES permits or other requests for quantitative or
qualitative effluent data under parts 122 to 125 of title 40, and,

(2) Reports required to be submitted by dischargers under the NPDES
established by parts 124 and 125 of this chapter, and,
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(3) Certifications issued by States pursuant to section 401 of the
CWA, asamended.

(b) The procedure prescribed herein and in part 503 of title 40
shall be used to perform the measurements required for an application
submitted to the Administrator or to a State for a sewage sludge permit
under section 405(f) of the Clean Water Act and for recordkeeping and
reporting reguirements under part 503 of title 40.

[72 FR 14224, Mar. 26, 2007]

Sec. 136.2 Definitions.

Asused in this part, the term:

(a) Act meansthe Clean Water Act of 1977, Pub. L. 95-217, 91 Stat.
1566, et seg. (33 U.S.C. 1251 et seq.) (The Federal Water Pollution
Control Act Amendments of 1972 as amended by the Clean Water Act of
1977).

(b) Administrator means the Administrator of the U.S. Environmental
Protection Agency.

(c) Regional Administrator means one of the EPA Regional
Administrators.

(d) Director means the Director of the State Agency authorized to
carry out an approved National Pollutant Discharge Elimination System
Program under section 402 of the Act.

(e) National Pollutant Discharge Elimination System (NPDES) means
the national system for the issuance of permits under section 402 of the
Act and includes any State or interstate program which has been approved
by the Administrator, in whole or in part, pursuant to section 402 of
the Act.

() Detection limit means the minimum concentration of an anayte
(substance) that can be measured and reported with a 99% confidence that
the analyte concentration is greater than zero as determined by the
procedure set forth at appendix B of this part.

[38 FR 28758, Oct. 16, 1973, as amended at 49 FR 43250, Oct. 26, 1984]

Sec. 136.3 Identification of test procedures.

(8) Parameters or pollutants, for which methods are approved, are
listed together with test procedure descriptions and referencesin
Tables|A, IB, IC, ID, IE, IF, IG, and IH. In the event

[[Pege 6]

of aconflict between the reporting requirements of 40 CFR Parts 122 and

125 and any reporting requirements associated with the methods listed in

these tables, the provisions of 40 CFR Parts 122 and 125 are controlling

and will determine a permittee's reporting requirements. The full text

of the referenced test procedures are incorporated by referenceinto

Tables|A, IB, IC, ID, IE, IF, IG, and IH. Theincorporation by

reference of these documents, as specified in paragraph (b) of this
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section, was approved by the Director of the Federal Register in
accordance with 5 U.S.C. 552(a) and 1 CFR Part 51. Copies of the
documents may be obtained from the sources listed in paragraph (b) of
this section. Documents may be inspected at EPA's Water Docket, EPA
West, 1301 Constitution Avenue, NW., Room B102, Washington, DC
(Telephone: 202-566-2426); or at the National Archives and Records
Administration (NARA). For information on the availability of this
material at NARA, call 202-741-6030, or go to: http://www.archives.gov/
federal--regi ster/code--of --federal --regul ations/ibr--locations.html.
These test procedures are incorporated as they exist on the day of
approval and a notice of any change in these test procedures will be
published in the Federal Register. The discharge parameter values for
which reports are required must be determined by one of the standard
analytical test procedures incorporated by reference and described in
TableslA, IB, IC, ID, IE, IF, IG, and IH or by any alternate test
procedure which has been approved by the Administrator under the
provisions of paragraph (d) of this section and Sec. Sec. 136.4 and
136.5. Under certain circumstances paragraph (c) of this section, Sec.
136.5(a) through (d) or 40 CFR 401.13, other additional or alternate
test procedures may be used.

[[Page 7]]

Table |A--List of Approved Biological Methods for Wastewater and Sewage Sludge

Standard methods

Parameter and units Method \1\ EPA 18th, 19th, 20th  Standard methods AOAC, ASTM, USGS Other
ed. online
Bacteria:
1. Coliform (fecal), number Most Probable  p. 132\3\........ 9221 CE.......... 9221 CE-99.......
per 100 mL or number per  Number (MPN)\5\ 1680\12,14\......
gram dry weight. tube 3 dilution, 1681\12,19\......
or
Membranefilter p. 124\3\........ 9222 D............ 9222 D-97......... B-0050-85\5\.....
(MF)\2\, single
step.
2. Coliform (feca) in MPN, 5tube, 3 p. 132\3\........ 9221 CE.......... 9221 CE-99.......
presence of chlorine, dilution, or
number per 100 mL.
MF\2\, single p.124\3\........ 9222 D............ 9222 D-97.........
step.
3. Caliform (total), number MPN, 5tube, 3 p. 114\3\........ 9221 B............ 9221 B-99.........
per 100 mL. dilution, or
MF\2\, single p.108\3\........ 9222 B............ 9222 B-97......... B-0025-8 \5\......
step or two step.
4. Coliform (total), in MPN, 5tube, 3  p. 114\3\........ 9221 B............ 9221 B-99.........
presence of chlorine, dilution, or

number per 100 mL.
MF\2\ with  p.111\3\........ 9222 (B+B.5¢)..... 9222 (B+B.5¢)-97..
enrichment.
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5. E. coli, number per 100  MPN\7,9,15\  ................ 9223 B \13\....... 9223 B-97\13\.... 991.15\11\....... Colilert[supreg]\1
mL \20\. multiple tube/ 31N
multiple well. Colilert-
18[supreg]\13,16,
1n
MF\2,6,7,89\  1603\21\.....cc.. woovviriiriiiiins et v mColiBlue-
single step. 24[supreg]\18\
6. Fecal streptococci, MPN, 5tube3  p. 139\3\........ 9230 B............ 9230B-93.........
number per 100 mL. dilution,.
MF\2\, or........ p. 136 \3\........ 9230 C............ 9230 C-93......... B-0055-85\5\.....
Plate count....... p. 143\3\........
7. Enterococci, number per  MPN 7,9\, e s e D6503-99\10\..... Enterolert[supreg]
100 mL \20\. multiple tube/ \13,23\
multiple well.
MF\2,6,7,89\  1600\24\.........
single step.
8. Salmonella, number per  MPN multiple tube. 1682\22\.........
gram dry weight \12\.

Aquatic Toxicity:
9. Toxicity, acute, fresh  Ceriodaphniadubia 2002.0 \25\
water organisms, LC 50, acute.
percent effluent.
Daphniapuplex and 2021.0\25\.......
Daphnia magna
acute.
Fathead Minnow,
Pimephales
promelas, and
Bannerfin shiner,
Cyprinela
leedsi, acute.
Rainbow Trout,
Oncorhynchus
mykiss, and brook
trout, Salvelinus
fontinalis, acute.

2000.0\25\........

2019.0\25\

[[Pege 8]

10. Toxicity, acute,
estuarine and marine
organisms of the Atlantic
Ocean and Gulf of Mexico,
LC50, percent effluent.
Sheepshead Minnow, 2004.0 \25\
Cyprinodon
variegatus, acute.
Silverside, 2006.0 \25\
Menidia
beryllina,
Menidia menidia,
and Menidia
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peninsulae, acute.
11. Toxicity, chronic, fresh Fathead minnow, 1000.0\26\.......
water organisms, NOEC or  Pimephales
IC25, percent effluent.  promelas, larval
survival and
growth.
Fathead minnow, 1001.0\26\.......
Pimephales
promelas, embryo-
larval survival
and
teratogenicity.
Daphnia, 1002.0\26\.......
Ceriodaphnia
dubia, survival
and reproduction.
Green aga, 1003.0\26\.......
Selenastrum
capricornutum,
growth.
12. Toxicity, chronic, Sheepshead minnow, 1004.0\27\.......
estuarine and marine Cyprinodon
organisms of the Atlantic  variegatus,
Ocean and Gulf of Mexico, larval survival
NOEC or IC25, percent and growth.
effluent.
Sheepshed minnow, 1005.0 \27\.......
Cyprinodon
variegatus,
embryo-larval
survival and
teratogenicity.
Inland silverside, 1006.0\27\.......
Menidia
beryllina, larval
survival and
growth.
Mysid, Mysidopsis 1007.0\27\.......
bahia, survival,
growth, and
fecundity.
Sea urchin, 1008.0\27\.......
Arbacia
punctulata,
fertilization.

\1\ The method must be specified when results are reported.

\2\ A 0.45 [mu]m membrane filter (MF) or other pore size certified by the manufacturer to fully retain organisms to be cultivated and to be free of
extractables which could interfere with their growth.

\3\ USEPA. 1978. Microbiological Methods for Monitoring the Environment, Water, and Wastes. Environmental Monitoring and Support Laboratory, U.S.
Environmental Protection Agency, Cincinnati, OH, EPA/600/8-78/017.

\4\ [Reserved)]

file:////Questa/wipp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (5 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

[[Page 9]]

\5\ USGS. 1989. U.S. Geological Survey Techniques of Water-Resource Investigations, Book 5, Laboratory Analysis, Chapter A4, Methods for Collection and
Analysis of Aquatic Biological and Microbiological Samples, U.S. Geologica Survey, U.S. Department of the Interior, Reston, VA.

\6\ Because the MF technique usually yields low and variable recovery from chlorinated wastewaters, the Most Probable Number method will be required to
resolve any controversies.

\7\ Tests must be conducted to provide organism enumeration (density). Select the appropriate configuration of tubeg/filtrations and dilutions/volumes
to account for the quality, character, consistency, and anticipated organism density of the water sample.

\8\ When the MF method has been used previously to test waters with high turbidity, large numbers of noncoliform bacteria, or samples that may contain
organisms stressed by chlorine, a parallel test should be conducted with a multiple-tube technique to demonstrate applicability and comparability of
results.

\9\ To assess the comparability of results obtained with individual methods, it is suggested that side-by-side tests be conducted across seasons of the
year with the water samples routinely tested in accordance with the most current Standard Methods for the Examination of Water and Wastewater or EPA
alternate test procedure (ATP) guidelines.

\10\ ASTM. 2000, 1999, 1996. Annua Book of ASTM Standards--Water and Environmental Technology. Section 11.02. ASTM International. 100 Barr Harbor
Drive, West Conshohocken, PA 19428.

\11\ AOCAC. 1995. Official Methods of Analysis of AOAC International, 16th Edition, Volume |, Chapter 17. Association of Official Analytical Chemists
International. 481 North Frederick Avenue, Suite 500, Gaithersburg, MD 20877-2417.

\12\ Recommended for enumeration of target organism in sewage sludge.

\13\ These tests are collectively known as defined enzyme substrate tests, where, for example, a substrate is used to detect the enzyme [beta] -
glucuronidase produced by E. coli.

\14\ USEPA. July 2006. Method 1680: Fecal Coliformsin Sewage Sludge (Biosolids) by Multiple-Tube Fermentation Using Lauryl-Tryptose Broth (LTB) and EC
Medium. US Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-012.

\15\ Samples shall be enumerated by the multiple-tube or multiple-well procedure. Using multiple-tube procedures, employ an appropriate tube and
dilution configuration of the sample as needed and report the Most Probable Number (MPN). Samples tested with Colilert[supreg] may be enumerated with
the multiple-well procedures, Quanti-Tray[supreg] Quanti-Tray[supreg] 2000, and the MPN calculated from the table provided by the manufacturer.

\16\ Colilert-18[supreg] is an optimized formulation of the Colilert[supreg] for the determination of total coliforms and E. coli that provides results
within 18 h of incubation at 35 [deg] C rather than the 24 h required for the Colilert[supreg] test and is recommended for marine water samples.

\17\ Descriptions of the Colilert[supreg], Colilert-18[supreg], Quanti-Tray[supreg], and Quanti-Tray[supreg]/2000 may be obtained from IDEXX
Laboratories, Inc., 1 IDEXX Drive, Westbrook, ME 04092.

\18\ A description of the mColiBlue24[supreg] test, Total Coliforms and E. cali, is available from Hach Company, 100 Dayton Ave., Ames, |A 50010.

\19\ USEPA. July 2006. Method 1681: Fecal Coliformsin Sewage Sludge (Biosolids) by Multiple-Tube Fermentation using A-1 Medium. U.S. Environmental
Protection Agency, Office of Water, Washington, DC EPA-821-R-06-013.

\20\ Recommended for enumeration of target organism in wastewater effluent.

\21\ USEPA. July 2006. Method 1603: Escherichia coli (E. coli) in Water by Membrane Filtration Using Modified membrane-Thermotolerant Escherichia coli
Agar (modified mTEC). U.S. Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-011.

\22\ USEPA. July 2006. Method 1682: Salmonellain Sewage Sludge (Biosolids) by Modified Semisolid Rappaport-Vassiliadis (MSRV) Medium. U.S.
Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-014.

\23\ A description of the Enterolert[supreg] test may be obtained from IDEXX Laboratories, Inc., 1 IDEXX Drive, Westbrook, ME 04092.

\24\ USEPA. July 2006. Method 1600: Enterococci in Water by Membrane Filtration Using membrane-Enterococcus | ndoxyl-[beta]-D-Glucoside Agar (mEl). U.S.
Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-009.

\25\ USEPA. October 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms. Fifth Edition.
U.S. Environmental Protection Agency, Office of Water, Washington, DC EPA/821/R-02/012.

\26\ USEPA.. October 2002. Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms. Fourth
Edition, U.S. Environmental Protection Agency, Office of Water, Washington, DC EPA/821/R-02/013.

\27\ USEPA. October 2002. Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms.
Third Edition. U.S. Environmental Protection Agency, Office of Water, Washington, DC EPA/821/R-02/014.

Table IB--List of Approved Inorganic Test Procedures

Reference (method number or page)
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Parameter Methodology 58 Standard methods ~ Standard methods ~ Standard methods
EPA 3552 (18th, 19th) (20th) online ASTM USGS/AOAC/other
1. Acidity, as CaCO3, mg/L....... Electrometric ..o 2310 B(4a).......... 2310 B(4a).......... 2310 B(4a)-97......... D1067-92, 02........ 1-1020-85\2\
endpoint or
phenolphthalein
endpoint.
[[Page 10]]
2. Alkalinity, as CaCO3, mg/L.... Electrometricor —......ccoeeenne. 2320 B.......ccee. 2320 B.......cucee. 2320B-97............. D1067-92, 02........ 973.43\3\, 1-1030-85
Colorimetric \2\
titration to pH
4.5, manual, or
automatic........... 310.2 (REV. 1974) NI\ ..ot et ririeie ceeaerereenesesesenes seseseenenessenennns 1-2030-85\2\
3. Aluminum--Total \4\ mg/L...... Digestion \4\
followed by:
AA direct aspiration ........c.c.cceu.... 11 I 5 TSN 3111 D-99...cciiis e [-3051-85\2\
\36\.
AA furnace.......... ceovevecvreriennne Y NG = T 3113 B-99.............
STGFAA.............. 200.9, Rev. 2.2
(1994).
ICP/AES\36\........ 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....ccvees e 1-4471-9750
(1994).
ICP/IMS.............. 200.8, REV. 5.4 it s e D5673-03............ 993.14\3\
(1994).
(D1 o O 11 = | A D4190-94, 99........ See footnote \34\
Plasma (DCP) \36\.
Colorimetric = .o, 3500-Al D........... 3500-Al B........... 3500-Al B-01..........
(Eriochrome cyanine
R).
4. Ammonia(asN), mg/L.......... Manual, digtillation 350.1, Rev. 2.0 4500-NH B3.......... 4500-NH3 B.......... 4500-NH3 B-97.....ccc. e 973.49\3\
(@pH9.5)\6\  (1993).
followed by:
Nesslerization...... .oooeeereevennne. 4500-NH3 C (18th .ot e D1426-98, 03 (A).... 973.49\3\, 1-3520-85
only). \2\
Titration....ccocees veeveereererienne 4500-NH3 C (19th)  4500-NH3C.......... 4500-NH3 C-97.........
and 4500-NH3 E
(18th).
Electrode.......c... vveevreveereenn 4500-NH3DorE  4500-NH3 D or E..... 4500-NH3 D or E-97.... D1426-98, 03 (B)....
(29th) and 4500-NH3
F or G (18th).
[[Page 11]]
Automated phenate, 350.1\60\, Rev. 2.0 4500-NH3 G (19th) 4500-NH3G.......... 4500-NH3 G-97...oce v 1-4523-85\2\
or. (1993). and 4500-NH3 H
(18th).
AULOMELE ElECIIOAR. ....viviiiiiiiiiiet s et cebee et enene eereere e ees See footnote 7
10N Chromatography.. ....cccciieiiees e ririees e eee s crresreseeae e e D6919-03............

file:////Questa/wipp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (7 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

5. Antimony--Total, \4\ mg/L Digestion \4\
followed by:
AA direct aspiration
\36\.

AA furnace.......... ecevecenenienene,
STGFAA 200.9, Rev. 2.2
(1994).
ICP/AES\36\........ 200.7, Rev. 4.4
(1994).

ICPIMS.............. 200.8, Rev. 5.4
(1994).
6. Arsenic--Total, \4\ mg/L Digestion \4\
followed by. \1\.
AA gaseous hydride.. ........ccceeuenee
AA furnace.......... oceveieienenene,
STGFAA 200.9, Rev. 2.2
(1994).
ICP/AES\36\........ 200.7, Rev. 4.4
(1994).
ICPIMS.............. 200.8, Rev. 5.4
(1994).
Colorimetric (SDDC). ...ccoevvrerrenene. 3500-AsC
7. Barium--Total \4\ mg/L Digestion \4\
followed by:
AA direct aspiration
\36\.

AA furnace.......... eoovveennninene,
ICP/AES\36\........ 200.7, Rev. 4.4
(1994).
ICPIMS.............. 200.8, Rev. 5.4

(1994).

...... 206.5 (Issued 1978)

DCP BB s et enins et e seenenree e

8. Beryllium--Total,\4\ mg/L..... Digestion \4\
followed by:

[[Page 12]]

AA direct aspiration

AA furnace.......... ooevvevnrninene

STGFAA 200.9, Rev. 2.2
(1994).

ICP/AES............. 200.7, Rev. 4.4
(1994).

ICPIMS.............. 200.8, Rev. 5.4
(1994).

Colorimetric

(aluminon).
9. Biochemical oxygendemand  Dissolved Oxygen
(BOD5), mg/L. Depletion.
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3111 D-

(A).

3113 B-99

(B).

90.........

993.14\3\

D2972-97, 03 (B).... 1-3062-85\2\

D2972-97, 03 (C).... 1-4063-98 \49\

D4382-95, 02........

3120 B-99.............

D3645-93 (88), 03

D3645-93 (88), 03

993.14\3\

See footnote \34\

[-1578-78\8\

1-3095-85\2\

1-4471-97 \50\

973.44,\3\ p. 179\,
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10. Boron--Total \37\ mg/L....... Colorimetric ..o 4500-B B............ 4500-B B............ 4500-B B-00.......ccce erirerereriririens [-3112-85\2\
(curcumin).
ICP/AES, or......... 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B 99....ccviir e [-4471-97 \50\
(1994).
DICPci et et e eeesae e eeesieeeereeea—es D4190-94, 99........ See footnote 34
11. Bromide, mg/L................ THIMELIIC.iiii e e et ereereneneereneneenes D1246-95, 99 (C).... p. $44.\10\
........................................................................................................................... 1-1125-85\2\
lon Chromatography.. 300.0, Rev 2.1 (1993) 41108B.............. 4110 B.............. 4110 B-00............. D4327-97, 03........ 993.30\3\
and 300.1, Rev 1.0
(1997).
CIE/UV ..ttt ciriririnieieieieieis eettntntsesiiins stsbebeseseisisenes trtssssssssssssesesens seseesessssssnsssns D6508, Rev. 2\54\
12. Cadmium--Total \\ mg/L...... Digestion \4\
followed by:
AA direct aspiration ........c.cccce..... B111BOrCuceeet e 3111 Bor C-99........ D3557-95, 02 (A or  974.27\3\ p. 37.\9\,
\36\. B). [-3135-85\2\ or |-
3136-85\2\
[[Page 13]]
AA fUrnace.......... coeeeeeciene, 3113 Buiicciiis e 3113 B-99............. D3557-95, 02 (D).... 1-4138-89\51\
STGFAA............ 200.9, Rev. 2.2
(1994).
ICP/AES\36\........ 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....cciirs e 1-1472-85\2\ or 1-4471-
(1994). 97 \50\
ICPIMS.............. 200.8, ReV. 5.4 it e e D5673-03............ 993.14\3\
(1994).
DCPABOM.....c i i ete e eies eeeee e earee e e D4190-94, 99........ See footnote \34\
VOIaMELrY \LL\, OF. oceiiiciiiiiies e e sneenenns sesresesessesesnnnens D3557-95, 02 (C)....
Colorimetric  .ooeeveereee, 3500-CdD...........
(Dithizone).
13. Calcium--Total \4\ mg/L...... Digestion \4\
followed by:
AA direct aspiration ..........cccceune. 111 Buiiies e 3111 B-99............. D511-93, 03(B)...... [-3152-85\2\
ICP/AES............. 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....cccieve e 1-4471-97 \50\
(1994).
DL o OSSR RPO See footnote \34\
Titrimetric (EDTA).. oo 3500-CaD........... 3500-CaB........... 3500-CaB-97.......... D511-93, 03(A)......
10N Chromatography.. .....ccccccccceieiies ererieirineien eerieeseseereeens eeesaeseeessesseneas D6919-03............
14. Carbonaceous biochemical Dissolved Oxygen — ....ccccvevenene 5210 B.....ccouceue 5210 B.....ccoueuue 5210 B-01.............
oxygen demand (CBOD5), mg/L \12\. Depletion with
nitrification
inhibitor.
15. Chemical oxygen demand (COD), Titrimetric......... 410.3 (Rev. 1978) \1\ 5220 C.............. 5220 C.............. 5220 C-97............. D1252-95, 00 (A).... 973.46\3\, p. 17 \9\
mg/L. [-3560-85\2\
Spectrophotometric, 410.4, Rev. 2.0 5220 D......ccuc.. 5220 D......cccoue.. 5220 D-97............. D1252-95, 00 (B).... Seefootnotes\13,
manual or automatic. (1993). 14\. 1-3561-85\2\
16. Chloride, mg/L............... Titrimetric: (Siver ... 4500-Cl-B........... 4500-Cl-B........... 4500-Cl-B-97.......... D512-89(99) (B)..... 1-1183-85\2\
nitrate) or.
(Mercuric nitrate).. ......ccooeveene. 4500-Cl-C........... 4500-Cl-C........... 4500-Cl-C-97.......... D512-89 (99) (A).... 973.51\3\, 1-1184-85
\2\
COlONMELIIC: MANUEL .....cvviiiiiiiiis i ettt ettt creseseseerererenens 1-1187-85\2\
or.
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Automated = . 4500-CI-E........... 4500-CI-E........... 4500-ClI-E-97....ccccee e, 1-2187-85\2\
(Ferricyanide).
Potentiometric  ....cooeeeveneee. 4500-CI-D........... 4500-CI-D........... 4500-CI-D-97..........
Titration.
0N SEIECHIVE et e e e D512-89(99)(C)......
Electrode.

[[Page 14]]

lon Chromatography.. 300.0, Rev 2.1 (1993) 4110B.............. 4110B.............. 4110 B-00............. D4327-97, 03........ 993.30\3\
and 300.1, Rev 1.0
(1997).
CIE/UV ..ttt ceriririnieieieieieis eitttntstsesiiins stebesesessssisnaes taessssssssesesebesens esessssasssssnsssns D6508, Rev. 2\54\
17. Chlorine--Total residual, mg/ Amperometric direct, .........c.coceeeue. 4500-Cl D........... 4500-CI D........... 4500-Cl D-00.......... D1253-86 (96), 03...
L; Titrimetric. or.
Amperometric direct .........ccccoeeeee. 4500-Cl E........... 4500-Cl E........... 4500-Cl E-00..........
(low leve).
lodometric direct... .....coorirenene. 4500-Cl B........... 4500-Cl B........... 4500-Cl B-00..........
Back titration ether .........ccovenee. 4500-Cl C........... 4500-Cl C........... 4500-Cl C-00..........
end-point \15\ or.
DPD-FAS.....cccoovs e 4500-Cl F........... 4500-Cl F........... 4500-Cl F-00..........
Spectrophotometric, ..........ccoce.... 4500-Cl G........... 4500-Cl G........... 4500-Cl G-00..........
DPD or.
ElECIIOUE. ...t et et rs ceeete e nes steseeesaesbeaeetete saeenesresaeneenens See footnote \16\
18. Chromium V1 dissolved, mg/L.. 0.45-micron
Filtration followed
by:
AA chelation- .., 111 Curs e 3111 C-99....ciiirs e 1-1232-85
extraction or.
lon Chromatography.. 218.6, Rev. 3.3 3500-Cr E........... 3500-Cr C........... 3500-Cr C-01.......... D5257-97............ 993.23
(1994).
Colorimetric .o, 3500-Cr D........... 3500-Cr B........... 3500-Cr B-01.......... D1687-92, 02 (A).... 1-1230-85
(Diphenyl-carbazide
).
19. Chromium--Total \4\ mg/L..... Digestion \4\
followed by:
AA direct aspiration ..........c.ce..e. 111 Buiiiis e 3111 B-99............. D1687-92, 02 (B).... 974.27\3\, 1-3236-85
\36\. \2\
AA chélation- ., 1 i OO O 3111 C-99.............

extraction.
AA furnace.......... eceeveveecnennnn, K I = 3113 B-99............. D1687-92, 02 (C).... 1-3233-93\46\

STGFAA............. 200.9, Rev. 2.2

[[Page 15]]

ICP/AES\36\........ 200.7,Rev. 4.4 3120B.............. 3120B.............. 3120 B-99.............
(1994).
ICPIMS.............. 2008, REV.5.4 s s - D5673-03............ 993.14\3\
(1994).
[0 ANC 51\ o SRR D4190-94, 99........ See footnote \34\
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Colorimetric .o 3500-Cr D........... 3500-Cr B.......... 3500-Cr B-O1..........
(Diphenyl-carbazide
).
20. Caobalt--Total M\ mg/L....... Digestion \4\
followed by:
AA direct aspiration ..........ccccenu. 3111BOrCuiees e 3111 B or C-99........ D3558-94, 03 (A or p. 37\9\, 1-3239-85
B). \2\
AA fUrnace......cco. oo I ICT 2 F TN 3113 B-99............. D3558-94, 03 (C).... 1-4243-89\51\
STGFAA.......ccc... 200.9, Rev. 2.2
(1994).
ICPIAES............. 200.7,Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....cciivs e 1-4471-97 \50\
(1994).
ICPIMS.............. 200.8, ReV.5.4 i e D5673-03............ 993.14\3\
(1994).
DICP..iiiciciiiit ettt ettt trere ettt ettt ensaenena D4190-94, 99........ See footnote \34\
21. Color, platinum cobalt units Colorimetric (ADMI), ....cccoceovvrnenene 2120E.............. 2120 E...cciiiiiit e et See footnote \18\
or dominant wavelength, hue, or.
luminance purity.
(Platinum cobalt), ...coerrneene. 2120 B.............. 2120 B.............. 2120 B-01....cceiees e 1-1250-85\2\
or.
Spectrophotometric.. .......cccocevenee. 2120 C.....cvueneee 2120 C.....cvnnee
22. Copper--Total \4\ mg/L....... Digestion \4\
followed by:
AA direct aspiration ........c.c.cceu.... 3111BOr Cuceveeee e 3111 B or C-99........ D1688-95, 02 (A or 974.27\3\ p. 37\9\ I-
\36\. B). 3270-85\2\ or 1-3271-
85\2\
AA furnace.......... oeeveennnnene 3113 Buiiciiis e 3113 B-99............. D1688-95, 02 (C).... 1-4274-89\51\
STGFAA......cco... 200.9, Rev. 2.2
(1994).
ICPIAES\36\........ 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....cccvvvs e 1-4471-97 \50\
(1994).
ICPIMS.............. 200.8,ReV.5.4 i e e D5673-03............ 993.14\3\
(1994).
DCPABBN OF ...t ceiciiiiriiins creiereieieiririees et sesessnne st D4190-94, 99........ See footnote \34\
Colorimetric ..o 3500-Cu D........... 3500-Cu B........... 3500-Cu B-99..........
(Neocuproine) or.
(Bicinchoninate).... .....c.ccceeevvenene. 3500-CuE........... 3500-CucC........... 3500-Cu C-99.....cccct wovvereireren See footnote \19\
[[Page 16]]
23. Cyanide--Tota, mg/L......... 81 0] 32 1= o OSSO Kelada-01 \55\
Ditillation and
Colorimetry, or.
Manual digtillation 335.4, Rev. 1.0 4500-CN C........... 4500-CN  Ci..coocvvr v D2036-98(A)......... 10-204-00-1-X \56\
with MgCl2 followed (1993) \57\.
by:
Titrimetric or...... wovvevercrennee 4500-CN D........... 4500-CN D........... 4500-CN D-99.....cce. wovvvvvinirrinenes p. 22\9\
Spectrophotometric, .........ccocee.... 4500-CN E........... 4500-CN E........... 4500-CN E-99.......... D2036-98(A)......... [-3300-85
manual or.
Automated \20\ Or... 3354, REV. 1.0 oot etrtterenririne et et 10-204-00-1-X \56\, I-
(1993) \57\. 4302-85\2\
lon Selective ..o 4500-CN F........... 4500-CN F........... 4500-CN F-99.......... D2036-98(A).........
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Electrode.

24. Available Cyanide, mg/L...... Cyanide Amenableto .......cccoeuee 4500-CN G........... 4500-CN G........... 4500-CN G-99.......... D2036-98(B).........
Chlorination
(CATC); Manual
distillation with
MgCI2 followed by
Titrimetric or
Spectrophotometric.
FIOW iNJECHION 8N ..ot e e v D6888-04............ OIA-1677\44\
ligand exchange,
followed by
amperometry \61\.
AUIOMEIEH s et e e e Kelada-01 \55\
Distillation and
Colorimetry.

25. Fluoride--Total, mg/L........ Manual e 4500-F B............ 4500-F B............ 4500-F B-97...........
distillation\6\
followed by:
Electrode, manual or ..........ccceuee.. 4500-F B............ 4500-F B............ 4500-F C-97........... D1179-93, 99 (B)....
AULOMEEEM......cccct ciririiiiiiiieieis ettt crebebeireet e srrisesererebeseets eesnenenserererenes 1-4327-85\2\
Colorimetric,  ..cccvevrrenene 4500-F D............ 4500-F D............ 4500-F D-97........... D1179-93,99 (A)....
(SPADNS) or.

[[Page 17]]

Automated complexone .........cco.e..... 4500-F E............ 4500-F E............ 4500-F E-97...........

lon Chromatography.. 300.0, Rev 2.1 (1993) 4110B.............. 4110B.............. 4110 B-00............. D4327-97,03......... 993.30\3\
and 300.1, Rev 1.0
(1997).

26. Gold--Total M\ mg/L......... Digestion \4\

followed by:

AAdirect e 1 = U 3111 B-99.............

aspiration, or.

AA furnace, or...... 231.2 (Rev. 1978) \1\

DICP..ceiiiiits ettt e, e rese s estesenee e e See footnote \34\
27. Hardness-Total, as CaCO3, mg/ Automated 130.1 (Issued 1971)
L. colorimetric,. \1\.

Titrimetric (EDTA) oo, 2340BorC......... 2340BorC......... 2340 B or C-97........ D1126-86(92), 02.... 973.52B\3\, 1-1338-

or. 85\2\

CaplusMg astheir

carbonates, by

inductively coupled

plasmaor AA direct

aspiration. (See

Parameters 13 and

33)..
28. Hydrogen ion (pH), pH units.. Electrometric = .....cceeeennee 4500-H+ B........... 4500-H+ B........... 4500-H+ B-00.......... D1293-84 (90), 99 (A 973.41.\3\, 1-1586-85

measurement or. or B). \2\

Automated electrode. 150.2 (DeC. 1982) \1\ ......cccciiiiiins et ettt et See footnote\21\, I-

2587-85\2\

29. Iridium--Total \d\ mg/L...... Digestion \4\
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followed by:
AA direct aspiration .........ccceenne. 1 2 TN 3111 B-99.............
or.
AA furnace.......... 235.2 (Issued 1978)
\1\.
30. Iron--Total \\ mg/L......... Digestion \4\

followed by:
AA direct aspiration ........c...ccce..... B111BOrCueees e 3111 B or C-99........ D1068-96, 03 (A or 974.27\3\, 1-3381-85

\36\. B). \2\
AA FUMECE. ..covvrs e 3113 B oo 3113 B-99............. D1068-96, 03 (C)....
STGFAA............. 200.9, Rev. 2.2

[[Pege 18]]

ICP/AES\36\........ 200.7, Rev. 4.4 3120 B.........c.... 3120 B.......c.c.... 3120 B-99....ccvit e 1-4471-97 \50\
(1994).
[ L0 {51 W o SN D4190-94, 99........ See footnote \34\
Colorimetric .o, 3500-FeD........... 3500-FeB........... 3500-Fe B-97.......... D1068-96, 03 (D).... Seefootnote \22\
(Phenanthroline).
31. Kjeldahl Nitrogen \5\--Total, Digestionand  ......cocecvveneeee 4500-Norg B or C and 4500-Norg B or C and 4500-Norg B or C-97  D3590-89, 02 (A)....
(asN), mg/L. ditillation 4500-NH3 B. 4500-NH3 B. and 4500-NH3 B-97.
followed by: \20\
Titration Or.....c.. woceeereeeereeene 4500-NH3 C (19th)  4500-NH3 C.......... 4500-NH3 C-97......... D3590-89, 02 (A).... 973.48\3\
and 4500-NH 3 E
(18th).
Nesslerization or... ....ccccevvveeneneee 4500-NH3 C (18th .ot e D3590-89, 02 (A)....
Only).
Electrode........c.. coevevereeieininne. 4500-NH3For G 4500-NH3D or E..... 4500-NH3 D or E-97....
(18th) and 4500-NH3
D or E (19th).
Automated phenate  351.1 (ReV. 1978) N1\ ....cccuiiiviiies vttt ceieieieieieieeenee sesesssaseeeesesenas 1-4551-78\8\
colorimetric.
Semi-automated block 351.2, REV. 2.0 it s e D3590-89, 02 (B).... 1-4515-91\45\
digestor (1993).
colorimetric.
Manual or BIOCK .ot s s e D3590-89, 02 (A)....
digestor
potentiometric.
BIOCK QIgESLEr, oo rrieiririie et e eae e See footnote \39\
followed by Auto
distillation and
Titration, or.
NESIIENIZALION, OF.. .ocveviiiieiiiiis et ettt reeeene etseebeeree e rtete seebesssesseneneeses See footnote \40\
FIOW iNJECHION G8S  c.oveiirieiiirie cvieieirieeienies cteteereetenereees eeteesessenesessenens eneseesensssesenees See footnote \41\
diffusion.
32. Lead--Total M\ mg/L......... Digestion \4\
followed by:

[[Page 19]]
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AA direct aspiration ...........cccce..... BlI11BOr Cu.veve e 3111 B or C-99........ D3559-96, 03 (A or 974.27\3\, 1-3399-85

\36\. B). \2\

JAVANS 1177 o R I = SO 3113 B-99............. D3559-96, 03 (D).... 1-4403-89\51\

STGFAA.............. 2009, Rev. 2.2
(1994).

ICP/AES\36\........ 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99
(1994).

ICPIMS.............. 200.8, Rev. 5.4
(1994).

[ L0 N ) VSR D4190-94, 99........ See footnote \34\

VOUBMELTY \LIN OF.. ooooeeeeeieeee ceeeeeeeseeeeeeeene eeveeeesesseeeseeens eeeesseesesesseens D3559-96, 03 (C)....

Colorimetric .o, 3500-Pb D........... 3500-Pb B........... 3500-Pb B-97

(Dithizone).

33. Magnesium--Total \4\ mg/L.... Digestion \4\
followed by:
AA direct aspiration ...........cccceuun. 1 I = TR 3111 B-99............. D511-93, 03(B)...... 974.27\3\, 1-3447-85

................................. 1-4471-97 \50\

.............................................................. D5673-03............ 993.14\3\

ICP/AES............. 200.7, Rev. 4.4 3120B.............. 3120B.............. 3120 B-99.....ccoiiit i 1-4471-97 \50\

10N Chromatography.. .....ccoccceiiies ereieirerierie cereeeresereeens eeeeaeseeeesesaeneas D6919-03............
34. Manganese--Total \\ mg/L.... Digestion \4\

followed by:
AA direct aspiration .........c.cc.e..... 1 I T 3111 B-99............. D858-95, 02 (A or B) 974.27\3\, 1-3454-85
\36\. \2\
AA furnace.......... eceveceneneene, I G ] = T 3113 B-99............. D858-95, 02 (C).....
STGFAA.............. 200.9, Rev. 2.2
(1994).
ICP/AES\36\........ 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....ccceivs e 1-4471-97 \50\
(1994).
ICPIMS.............. 200.8, REV. 5.4 it s s D5673-03............ 993.14\3\
DCP36, OF....ccviiet creetiirieiinirieies cetererieenesieins eresessesenesseines essesesesssseneneens D4190-94, 99........ See footnote \34\
Colorimetric .o 3500--MnD.......... 3500-Mn B........... 3500-MN B-99.....cc. ovveierieene 920.203\3\
(Persulfate), or.
(PEIHOTELE). ... .. eeveirieiiirieiee et err et tarebeesnes et areres sheseerene e erene s See footnote \23\
35. Mercury--Total \4\, mg/L..... Cold vapor, manual  245.1, Rev. 3.0 I 2 S 3112 B-99............. D3223-97, 02........ 977.22\3\, 1-3462-
or. (1994). 85\2\
Automated........... 245.2 (Issued 1974)..

[[Page 20]]

Cold vapor atomic  245.7 Rev. 2.0 (2005)

fluorescence \59\.

spectrometry

(CVAFS).

Purge and Trap CVAFS 1631E\43\...........

36. Molybdenum--Total \4\, mg/L.. Digestion\4\

followed by:

AA direct aspiration ..........cccceu.. 13 I 1 I T 3111 D-99...ciciis e 1-3490-85\2\
AA fUrMaCe.......... e, I = TN 3113 B-99...ccviis e 1-3492-96 \47\
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ICP/AES......... 200.7,Rev. 44  3120B... 3120 B............. 3120 B-99.....ooovovrs oo 1-4471-97 \50\
(1994).

ICPIMS............ 200.8, REV. 5.4 oooooooeeeeeeeeeeees oo eooeeeresssesneeneeen D5673-03............ 993.14\3\
(1994).

37. Nickel--Total M\ mg/L....... Digestion \4\
followed by:
AA direct aspiration ..........ccceuee. 3111B Or Cuecever e 3111 B or C-99........ D1886-90, 94 (98) (A 1-3499-85\2\
\36\. or B).
AA furnace.......... oevveenrnnnene, 3113 Buiiciiiis s 3113 B-99............. D1886-90, 94 (98)  1-4503-89 \51\
(©.
STGFAA............. 200.9, Rev. 2.2
(1994).
ICP/AES\36\........ 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....cociivs e 1-4471-97 \50\
(1994).
ICPIMS.............. 200.8,ReV. 5.4 it e e D5673-03............ 993.14\3\
(1994).
[ NG5 ) A o | R D4190-94, 99........ See footnote \34\
Colorimetric = .o 3500-Ni D (17th
(heptoxime). Edition).
38. Nitrate (asN), mg/L......... lon Chromatography.. 300.0, Rev 2.1 (1993) 41108B.............. 4110B.............. 4110 B-00............. D4327-97, 03........ 993.30\3\
and 300.1, Rev 1.0
(2997).

[[Page 21]]

lon Selective oo 4500-NO3 D......... 4500-NO3 D......... 4500-NO3 D-00........

Electrode.

Colorimetric 3521 NI it et e e et 973.50\3\, 419D \1,\

(Brucine sulfate), \7\, p. 28\9\

or.

Nitrate-nitrite N

minus Nitrite N

(See parameters 39

and 40)..

39. Nitrate-nitrite (as N), mg/L. Cadmium reduction, .........c.cccce... 4500-NO3 | ST 4500-NO3 E.......... 4500-NO3 E-00......... D3867-99(B).........

manual or.

Automated, or....... 353.2, Rev. 2.0 4500-NO3 Fornen 4500-NO3 F.......... 4500-NO3 F-00......... D3867-99(A)......... 1-4545-85\2\
(2993).

Automated hydrazine. ........ccccoceuenee 4500-NO3 Hoooene 4500-NO3 H.......... 4500-NO3 H-00.........

lon Chromatography.. 300.0, Rev 2.1 (1993) 4110B.............. 4110B.............. 4110 B-00............. D4327-97............ 993.30\3\
and 300.1, Rev 1.0
(1997).

CIEIUV ..iiiiits eirieieririeinints sevteiesisaeesintes seaesessesenestesens ssestssesesssseesssss  sessensssssensssesen D6508, Rev. 2\54\

40. Nitrite (asN), mg/L......... Spectrophotometric: ..........ccccveeee. 4500-NO2 B 4500-NO2 B.......... 4500-NO2 B-00.....c... wecerrrrereeennens See footnote \25\

Manual or.

AUIOMELEH o e et sttt enreteenaerenena 1-4540-85\2\

(Diazotization).

Automated (*bypass 353.2, Rev. 2.0 4500-NO3 Fornen 4500-NO3 F.......... 4500-NO3 F-00......... D3867-99(A)......... [-4545-85\2\

cadmium reduction). (1993).

Manua (*bypass  ...ccoceeeererenen 4500-NO3 E...... 4500-NO3 E.......... 4500-NO3 E-00......... D3867-99(B).........
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cadmium reduction).
lon Chromatography.. 300.0, Rev 2.1 (1993) 4110B.............. 4110B.............. 4110 B-00............. D4327-97, 03........ 993.30\3\
and 300.1, Rev 1.0
(1997).
(O A SO D6508, Rev.2\54\
41. Qil and grease--Tota Hexane extractable 1664A \42\........... .ccovevvecvviennnne 5520 B \38\......... 5520 B-01\38\........
recoverable, mg/L. material (HEM): n-
Hexane extraction
and gravimetry.
Silicagel treated 1664A \42\...........
HEM (SGT-HEM):
Silicagel
treatment and
gravimetry..

[[Page 22]]

42. Organic carbon--Total (TOC), Combustion or — ....cccceevrenenns 5310B, C, or D..... 5310B, C, or D..... 5310 B, C, or D-00.... D2579-93 (A or B)... 973.47,\3\ p. 14\24\
mg/L. oxidation.
43. Organic nitrogen (asN), mg/L Total Kjeldahl N
(Parameter 31)
minus ammoniaN
(Parameter 4).
44. Orthophosphate (as P), mg/L.. Ascorbic acid
method:.
Automated, or....... 365.1, Rev. 2.0 4500-PF............ 4500-PF...cocviis s s 973.56\3\, 1-4601-85
(1993). \2\
Manual single .o 4500-PE............ 4500-PE.....cccevs v, D515-88(A).......... 973.55\3\
reagent.
Manual two reagent.. 365.3 (Issued
1978)\1\.
lon Chromatography.. 300.0, Rev 2.1 (1993) 4110B.............. 4110B.............. 4110 B-00............. D4327-97, 03........ 993.30\3\
and 300.1, Rev 1.0
(1997).

45. Osmium--Total \4\, mg/L...... Digestion \4\
followed by:
AAdirect 3111 D e 3111 D-99.............
aspiration, or.
AA furnace.......... 252.2 (Issued 1978)
\1\.
46. Oxygen, dissolved, mg/L...... Winkler (Azide ..o 4500-0O C............ 4500-0O C............ 4500-O C-01........... D888-92, 03 (A)..... 973.45B\3\, 1-1575-
modification), or. 78\8\
Electrode........... cooeeeeirinne 4500-0 G............ 4500-0 G............ 4500-0 G-01........... D888-92, 03 (B)..... 1-1576-78\8\
47. Palladium--Total \d\ mg/L.... Digestion \4\
followed by:
AAdirect e 111 2 T 3111 B-99...coiiis e, p. S27\10\
aspiration, or.
AA furnace.......... 253.2\1\ (ISSUEH it s et eesbee e p. S28\10\
1978).

[[Page 23]]
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48. Phenols, mg/L................ Manual distillation 420.1\1\ (ReV. 1978) ......ccecriiiiiis e rieies e seeesienes caeseeseeesaeseenes
\26\ Followed by:
Colorimetric (4AAP) 420.1\1\ (REV. 1978) ....ccciivieiiiiins cervrieiieiriiens cvresieiesressesssens seessessensesessens See footnote \27\
manual, or.
Automated........... 420.4 Rev. 1.0 (1993)
49. Phosphorus (elemental), M/L. Gas-liQUid it s e e e See footnote \28\
chromatography.
50. Phosphorus--Total, mg/L...... Persulfate digestion ...........c.c...... 4500-PBS.......... 4500-PB.5...coiis e e 973.55\3\
followed by: \20\
Manudl or........... 365.3\1\ (Issued  4500-PE............ 4500-PE.....ccccoes wonrrriirinnens D515-88(A)..........
1978).
Automated ascorbic  365.1 Rev. 2.0 (1993) 4500-PF............ A500-P F...cooiiit e et 973.56\3\, 1-4600-85
acid reduction. \2\
Semi-automated block 365.4\1\ (ISSUEA  ....ocveivciciiies e e D515-88(B).......... 1-4610-91 \48\
digestor. 1974).
51. Platinum--Total \\ mg/L..... Digestion \4\
followed by:
AA direct aspiration .........c.cce..... 1 I T 3111 B-99.............
AA furnace.......... 2552 \1\............
DICP..ciiis et tererties e ese e tesbe e esbeseneenaeareas See footnote \34\
52. Potassium--Total \4\ mg/L.... Digestion \4\

followed by:
AA direct aspiration ...........cccce.... 1 I = PSR 3111 B-99...cciiiit e 973.53\3\, 1-3630-85

ICPIAES............. 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99.............
(1994).
Flame photometric, ........ccccconee. 3500-K D............ 3500-K B............ 3500-K B-97...........
or.
(01 Fo T 44 1=: £ o 317B\17\
10N Chromatography.. ..ccoccceerrieiins coereereerreiienes errereresreeennes erresesesreesesnenens D6919-03............
53. Residue--Total, mg/L......... Gravimetric, 103-  ....ccooveveee. 2540 B.............. 2540 B.............. 2540 B-97.....oovivs e 1-3750-85 \2\
105[deg].
54. Residue--filterable, mg/L.... Gravimetric, ....cccceevenne 2540 C.............. 2540 C.............. 2540 C-97....ccovevir e 1-1750-85 \2\
180[deg].
55. Residue--non-filterable Gravimetric, 103-105 ........cccueueee. 2540 D.............. 2540D.............. 2540 D-97....ooviies e 1-3765-85\2\
(TSS), mg/L. [deg] C post washing
of residue.
56. Residue--settleable, mg/L.... Volumetric, (Imhoff ..................... 2540 F.............. 2540 F.............. 2540 F-97.............
cone), or
gravimetric.
57. Residue--Volatile, mg/L...... Gravimetric, 550  160.4 \I\......ccoit et e et eits eesbee e e e as beeseesesaaeanns 1-3753-85\2\

[deg]C.

[[Page 24]]

58. Rhodium--Total \4\ mg/L...... Digestion \4\
followed by:
AAdirect e 3111 Buiiiiiis e 3111 B-99.............
aspiration, or.
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AA furnace.......... 265.2\1\............
59. Ruthenium--Total \d\ mg/L.... Digestion \4\
followed by:
AAdirect e 3111 Bueciciiis e 3111 B-99.............
aspiration, or.
AA furnace.......... 267.2\1\............
60. Selenium--Total \A\ mg/L..... Digestion \4\
followed by:
AA fUrnace......c... oovverenenrnenene i ICT 2 TN 3113 B-99............. D3859-98, 03 (B).... 1-4668-98 \49\
STGFAA............. 200.9, Rev. 2.2
(1994).
ICP/IAES\36\........ 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99.............
(1994).
ICPIMS.............. 200.8,ReV.5.4 i e D5673-03............ 993.14\3\
(1994).
AA gaseous hydride.. ........cccoeeenene. 1 7 2 TR 3114 B-97............. D3859-98, 03 (A).... 1-3667-85\2\
61. Silica--Dissolved \37\ mg/L.. 0.45 micron
filtration followed
by:
Colorimetric, Manua ............c.e..... 4500-Si D........... 4500-Si02C......... 4500-SI02C-97......... D859-94, 00......... [-1700-85\2\
or.
AUIOMAIEH it e ettt eebeaeieb et erere e ntererenenas 1-2700-85\2\
(Molybdosilicate),
or.
ICPIAES............. 200.7, Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99....cciiis e 1-4471-97 \50\
(1994).
62. Silver--Total 4, 31 mg/L..... Digestion 4, 29
followed by:
AA direct aspiration ..........cccc....... 3111BOrCueeeet e, 3111 B or C-99........ eooveeeeeieees 974.27\3\, p. 37\9\,

[[Page 25]]

AA FUMBEE...ovoerss oo K] = J 3113 B-99.....cooorvrs eorereeerecreen 1-4724-89 \51\

STGFAA............. 200.9, Rev. 2.2
(1994).

ICPIAES............ 200.7,Rev. 44  3120B.... 3120 B...ooooeo.. 3120 B-99.......ooovrs oo 1-4471-97 \50\
(1994).

ICPIMS.......ooo.o. 200.8, REV. 5.4 ooccccceeeeeeesess eoooeeeeeeeesesees eeeeeeeesessssse
(1994).

63. Sodium--Total ,\4\ mg/L....... Digestion \4\

followed by:
AA direct aspiration ..........c.cccee.e. I I = OO 3111 B-99...ccciinr s 973.54\3\, 1-3735-85

ICP/AES............. 200.7, Rev. 4.4 3120B.............. 3120B.............. 3120 B-99.....ccoiivt e 1-4471-97 \50\

Flame photometric... .......cccocevenene 3500-NaD........... 3500-NaB........... 3500-NaB-97..........

10N Chromatography.. ..cccoceeoerreins coereereerrniienes errerenesreenennes erresesesreesesnenens D 6919-03...........
64. Specific conductance, Wheatstone bridge... 120.1\1\ (Rev. 1982) 25108B.............. 2510B.......cc.... 2510B-97............. D1125-95 (99) (A)... 973.40\3\, 1-2781-85

micromhos/cm at 25 [deg]C. \2\
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65. Sulfate (as SO4), mg/L Automated 375.2,Rev. 2.0

colorimetric. (1993).

GravimetriC......... wovveverrenenens

TUPDIJIMELTIC...cvs oeecireires e v rerenee eeerenees

lon Chromatography.. 300.0, Rev 2.1 (1993) 4110B
and 300.1, Rev 1.0

(1997).

4500-S\2\
E (18th).
D

4500-S\2\
4500-S\2\

66. Sulfide (as S), mg/L Titrimetric
(iodine), or.
Colorimetric
(methylene blue).
lon Selective
Electrode.
67. Sulfite (as SO3), mg/L Titrimetric (iodine-
iodate).
............ Colorimetric
(methylene blue).
69. Temperature, [deg]C.......... Thermometric........ woovvvevrneennns
70. Thallium--Total, \4\ mg/L.... Digestion\4\
followed by:

4500-S\2\

4500-s\2\  G........

68. Surfactants, mg/L

[[Page 26]]

AA direct aspiration
AA furnace.......... 279.2\1\ (Issued
1978).
.............. 200.9, Rev. 2.2
(1994).
ICP/AES............. 200.7, Rev. 4.4
(1994).
ICPIMS.............. 200.8, Rev.5.4
(1994).
71. Tin--Total \4\ mg/L Digestion \4\
followed by:
AA direct aspiration
AA furnace, or
STGFAA

STGFAA

.............. 200.9, Rev. 2.2
(1994).
ICPIAES............. 200.7, Rev. 4.4
(1994).
72. Titanium--Total ,\4\ mg/L Digestion \4\
followed by:
AA direct aspiration
AA furnace.......... 283.2\1\ (Issued
1978).

Nephelometric.......
(1993).
74. Vanadium--Total \4\ mg/L Digestion \4\
followed by:
AA direct aspiration
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73. Turbidity, NTU\53\........

4500-S\2\  F-00....... cooerereirirenee

426C\3\0
D4327-97, 03........

D516-90, 02.........
4110B-00.............

D6508, Rev. 2\54\

D

993.14\3\

3111 B-99 [-3850-78 \8\

3113 B-99.............

............................. See footnote \34\

2130B-01............. D1889-94, 00

4500-SO4\2\  Cor D. 4500-SO4\2\ Cor D. ...ccovciviviciis v 925.54\3\

993.30\3\

1-3840-85\2\

[-3860-85 \2\
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AA FUMNBECE.......cc. et cecies eeeteeeeeseesiee ceveesteesteeseease eeesressseesseesseens D3373-93, 03........

ICP/AES............. 200.7, Rev. 4.4 3120 B............. 3120 B............. 3120 B-99.....ccoviiv v 1-4471-97 \50\
(1994).

ICPIMS.............. 200.8, REV. 5.4 oot s s D5673-03............ 993.14\3\
(1994).

[T o SRR D4190-94, 99........ See footnote \34\

Colorimetric (Gallic ......ccccoveuenee 3500-V D............ 3500-V B............ 3500-V B-97...........

Acid).

[[Page 27]]

75. Zinc -Total \4\, mg/L........ Digestion \4\

followed by:

AA direct aspiration ..........ccceuee. 3111B Or Cuecever e 3111 Bor C-99........ D1691-95, 02 (A or  974.27\3\, p. 37\9\,

\36\. B). [-3900-85\2\

AA furnace.......... 289.2\1\ (Issued
1978).

ICP/IAES\36\........ 200.7,Rev. 4.4 3120 B.............. 3120 B.............. 3120 B-99\59\........ oo 1-4471-97 \50\
(1994).

ICPIMS.............. 200.8,ReV.5.4 i e D5673-03............ 993.14\3\
(1994).

[ L0 AN {51 W o SN D4190-94, 99........ See footnote \34\

Colorimetric = ..o, 3500-ZnE...........

(Dithizone) or.

(ZIiNCON)....ccvvis e 3500-ZnF........... 3500-Zn B........... 3500-Zn B-97.....ccces e See footnote \33\

Table 1B Notes:

\1\ “*Methods for Chemical Analysis of Water and Wastes," Environmental Protection Agency, Environmental Monitoring Systems Laboratory-Cincinnati (EMSL-CI), EPA-600/4-79-020 (NTIS PB 84-
128677), Revised March 1983 and 1979 where applicable.

\2\ Fishman, M. J., et a. “"Methods for Analysis of Inorganic Substancesin Water and Fluvial Sediments," U.S. Department of the Interior, Techniques of Water-Resource Investigations of the
U.S. Geological Survey, Denver, CO, Revised 1989, unless otherwise stated.

\3\ "Official Methods of Analysis of the Association of Official Analytical Chemists," Methods Manual, Sixteenth Edition, 4th Revision, 1998.

\4\ For the determination of total metals (which are equivalent to total recoverable metals) the sampleis not filtered before processing. A digestion procedure is required to solubilize
analytesin suspended material and to break down organic-metal complexes (to convert the analyte to a detectable form for colorimetric analysis). For non-platform graphite furnace atomic
absorption determinations a digestion using nitric acid (as specified in Section 4.1.3 of Methods for the Chemical Analysis of Water and Wastes) is required prior to analysis. The procedure
used should subject the sample to gentle, acid refluxing and at no time should the sample be taken to dryness. For direct aspiration flame atomic absorption determinations (FLAA) a
combination acid (nitric and hydrochloric acids) digestion is preferred prior to analysis. The approved total recoverable digestion is described as Method 200.2 in Supplement | of ~“"Methods
for the Determination of Metals in Environmental Samples' EPA/600R-94/111, May, 1994, and is reproduced in EPA Methods 200.7, 200.8, and 200.9 from the same Supplement. However, when using
the gaseous hydride technique or for the determination of certain elements such as antimony, arsenic, selenium, silver, and tin by non-EPA graphite furnace atomic absorption methods, mercury
by cold vapor atomic absorption, the noble metals and titanium by FLAA, a specific or modified sample digestion procedure may be required and in al cases the referenced method write-up
should be consulted for specific instruction and/or cautions. For analyses using inductively coupled plasma-atomic emission spectrometry (ICP-AES), the direct current plasma (DCP) technique
or the EPA spectrochemical techniques (platform furnace AA, ICP-AES, and ICP-MS) use EPA Method 200.2 or an approved alternate procedure (e.g., CEM microwave digestion, which may be used
with certain analytes asindicated in Table I B); the total recoverable digestion proceduresin EPA Methods 200.7, 200.8, and 200.9 may be used for those respective methods. Regardless of the
digestion procedure, the results of the analysis after digestion procedure are reported as ™ “total" metals.

\5\ Copper sulfate may be used in place of mercuric sulfate.

\6\ Manual digtillation is not required if comparability data on representative effluent samples are on file to show that this preliminary distillation step is not necessary: however, manual
distillation will be required to resolve any controversies.

\7\ Ammonia, Automated Electrode Method, Industrial Method Number 379-75 WE, dated February 19, 1976, Bran & Luebbe (Technicon) Auto Analyzer |1, Bran & Luebbe Analyzing Technologies, Inc.,
Elmsford, NY 10523.

\8\ The approved method is that cited in ~"Methods for Determination of Inorganic Substancesin Water and Fluvial Sediments’, USGS TWRI, Book 5, Chapter A1 (1979).

\9\ American National Standard on Photographic Processing Effluents, April 2, 1975. Available from ANSI, 25 West 43rd st., New York, NY 10036.

\10\ “"Selected Analytical Methods Approved and Cited by the United States Environmental Protection Agency," Supplement to the Fifteenth Edition of Standard Methods for the Examination of
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Water and Wastewater (1981).
\11\ The use of normal and differential pulse voltage ramps to increase sensitivity and resolution is acceptable.

[[Pege 28]]

\12\ Carbonaceous biochemical oxygen demand (CBODS5) must not be confused with the traditional BODS5 test method which measures ““total BOD." The addition of the nitrification inhibitor is not
aprocedural option, but must be included to report the CBOD5 parameter. A discharger whose permit requires reporting the traditional BOD5 may not use a nitrification inhibitor in the
procedure for reporting the results. Only when a discharger's permit specifically states CBODS is required can the permittee report data using a nitrification inhibitor.

\13\ OIC Chemical Oxygen Demand Method, Oceanography International Corporation, 1978, 512 West Loop, P.O. Box 2980, College Station, TX 77840.

\14\ Chemical Oxygen Demand, Method 8000, Hach Handbook of Water Analysis, 1979, Hach Chemical Company, P.O. Box 389, Loveland, CO 80537.

\15\ The back titration method will be used to resolve controversy.

\16\ Orion Research Instruction Manual, Residual Chlorine Electrode Model 97-70, 1977, Orion Research Incorporated, 840 Memorial Drive, Cambridge, MA 02138. The calibration graph for the Orion
residual chlorine method must be derived using a reagent blank and three standard solutions, containing 0.2, 1.0, and 5.0 mL 0.00281 N potassium iodate/100 mL solution, respectively.

\17\ The approved method is that cited in Standard Methods for the Examination of Water and Wastewater, 14th Edition, 1976.

\18\ National Council of the Paper Industry for Air and Stream Improvement, Inc., Technical Bulletin 253, December 1971.

\19\ Copper, Biocinchoinate Method, Method 8506, Hach Handbook of Water Analysis, 1979, Hach Chemical Company, P.O. Box 389, Loveland, CO 80537.

\20\ When using a method with block digestion, this treatment is not required.

\21\ Hydrogen ion (pH) Automated Electrode Method, Industrial Method Number 378-75WA, October 1976, Bran & Luebbe (Technicon) Autoanalyzer I1. Bran & Luebbe Analyzing Technologies, Inc.,
Elmsford, NY 10523.

\22\ Iron, 1,10-Phenanthroline Method, Method 8008, 1980, Hach Chemical Company, P.O. Box 389, Loveland, CO 80537.

\23\ Manganese, Periodate Oxidation Method, Method 8034, Hach Handbook of Wastewater Analysis, 1979, pages 2-113 and 2-117, Hach Chemical Company, Loveland, CO 80537.

\24\ Wershaw, R. L.,et d., "Methods for Analysis of Organic Substances in Water," Techniques of Water-Resources Investigation of the U.S. Geologica Survey, Book 5, Chapter A3, (1972
Revised 1987) p. 14.

\25\ Nitrogen, Nitrite, Method 8507, Hach Chemical Company, P.O. Box 389, Loveland, CO 80537.

\26\ Just prior to distillation, adjust the sulfuric-acid-preserved sample to pH 4 with 1 + 9 NaOH.

\27\ The approved method is cited in Standard Methods for the Examination of Water and Wastewater, 14th Edition. The colorimetric reaction is conducted at a pH of 10.0<plus-minus<l|s-thn-
eg>0.2. The approved methods are given on pp 576-81 of the 14th Edition: Method 510A for distillation, Method 510B for the manual colorimetric procedure, or Method 510C for the manual
spectrometric procedure.

\28\ R.F. Addison and R. G. Ackman, ~"Direct Determination of Elemental Phosphorus by Gas-Liquid Chromatography,” Journal of Chromatography, Vol. 47, No.3, pp. 421-426, 1970.

\29\ Approved methods for the analysis of silver in industrial wastewaters at concentrations of 1 mg/L and above are inadequate where silver exists as an inorganic halide. Silver halides such
as the bromide and chloride are relatively insoluble in reagents such as nitric acid but are readily soluble in an aqueous buffer of sodium thiosulfate and sodium hydroxide to pH of 12.

Therefore, for levels of silver above 1 mg/L, 20 mL of sample should be diluted to 100 mL by adding 40 mL each of 2 M Na2S203 and NaOH. Standards should be prepared in the same manner. For
levels of silver below 1 mg/L the approved method is satisfactory.

\30\ The approved method is that cited in Standard Methods for the Examination of Water and Wastewater, 15th Edition.

\31\ For samples known or suspected to contain high levels of silver (e.g., in excess of 4 mg/L), cyanogen iodide should be used to keep the silver in solution for analysis. Prepare a cyanogen
iodide solution by adding 4.0 mL of concentrated NH4OH, 6.5 g of KCN, and 5.0 mL of a1.0 N solution of 12 to 50 mL of reagent water in avolumetric flask and dilute to 100.0 mL. After
digestion of the sample, adjust the pH of the digestate to >7 to prevent the formation of HCN under acidic conditions. Add 1 mL of the cyanogen iodide solution to the sample digestate and
adjust the volume to 100 mL with reagent water (NOT acid). If cyanogen iodide is added to sample digestates, then silver standards must be prepared that contain cyanogen iodide as well.

Prepare working standards by diluting a small volume of a silver stock solution with water and adjusting the pH>7 with NH40OH. Add 1 mL of the cyanogen iodide solution and let stand 1 hour.
Transfer to a 100-mL volumetric flask and dilute to volume with water.

\32\ Stevens, H.H., Ficke, J. F., and Smoot, G. F., ~"Water Temperature--Influential Factors, Field Measurement and Data Presentation," Techniques of Water-Resources I nvestigations of the
U.S. Geological Survey, Book 1, Chapter D1, 1975.

\33\ Zinc, Zincon Method, Method 8009, Hach Handbook of Water Analysis, 1979, pages 2-231 and 2-333, Hach Chemical Company, Loveland, CO 80537.

\34\ “"Direct Current Plasma (DCP) Optical Emission Spectrometric Method for Trace Elemental Analysis of Water and Wastes, Method AES0029," 1986--Revised 1991, Thermo Jarrell Ash Corporation,
27 Forge Parkway, Franklin, MA 02038

\35\ Precision and recovery statements for the atomic absorption direct aspiration and graphite furnace methods, and for the spectrophotometric SDDC method for arsenic are provided in Appendix
D of this part titled, “*Precision and Recovery Statements for Methods for Measuring Metals."

\36\ Microwave-assisted digestion may be employed for this metal, when analyzed by this methodology. ““Closed Vessel Microwave Digestion of Wastewater Samples for Determination of Metals',
CEM Corporation, P.O. Box 200, Matthews, NC 28106-0200, April 16, 1992. Available from the CEM Corporation.

\37\ When determining boron and silica, only plastic, PTFE, or quartz laboratory ware may be used from start until completion of analysis.
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\38\ Only use n-hexane extraction solvent when determining Oil and Grease parameters--Hexane Extractable Material (HEM), or Silica Gel Treated HEM (analogous to EPA Method 1664A). Use of other
extraction solvents (e.g., those in the 18th and 19th editions) is prohibited.

\39\ Nitrogen, Total Kjeldahl, Method PAI-DKO01 (Block Digestion, Steam Distillation, Titrimetric Detection), revised 12/22/94, Ol Analytica/ALPKEM, P.O. Box 9010, College Station, TX 77842.

\40\ Nitrogen, Total Kjeldahl, Method PAI-DKO02 (Block Digestion, Steam Distillation, Colorimetric Detection), revised 12/22/94, Ol Analytical/ALPKEM, P.O. Box 9010, College Station, TX 77842.

\41\ Nitrogen, Total Kjeldahl, Method PAI-DK03 (Block Digestion, Automated FIA Gas Diffusion), revised 12/22/94, Ol Analytica/ALPKEM, P.O. Box 9010, College Station, TX 77842.

\42\ Method 1664, Revision A ““n-Hexane Extractable Material (HEM; Oil and Grease) and Silica Gel Treated n-Hexane Extractable Material (SGT-HEM; Non-polar Material) by Extraction and
Gravimetry" EPA-821-R-98-002, February 1999. Available at NTIS, PB-121949, U.S. Department of Commerce, 5285 Port Royal, Springfield, VA 22161.

\43\ USEPA. 2001. Method 1631, Revision E, “"Mercury in Water by Oxidation, Purge and Trap, and Cold Vapor Atomic Fluorescence Spectrometry" September 2002, Office of Water, U.S.
Environmental Protection Agency (EPA-821-R-02-024). The application of clean techniques described in EPA's draft Method 1669: Sampling Ambient Water for Trace Metals at EPA Water Quality
Criteria Levels (EPA-821-R-96-011) are recommended to preclude contamination at low-level, trace metal determinations.

\44\ Available Cyanide, Method OIA-1677, ~"Available Cyanide by Flow Injection, Ligand Exchange, and Amperometry,” ALPKEM, A Division of Ol Analytical, P.O. Box 9010, College Station, TX
77842-9010.

\45\ “*Methods of Analysisby the U.S. Geological Survey National Water Quality L aboratory--Determination of Ammonia Plus Organic Nitrogen by a Kjeldahl Digestion Method," Open File Report
(OFR) 00-170.

\46\ "Methods of Analysis by the U.S. Geological Survey National Water Quality Laboratory--Determination of Chromium in Water by Graphite Furnace Atomic Absorption Spectrophotometry,” Open
File Report (OFR) 93-449.

\47\ “"Methods of Analysis by the U.S. Geologica Survey National Water Quality L aboratory--Determination of Molybdenum by Graphite Furnace Atomic Absorption Spectrophotometry,” Open File
Report (OFR) 97-198.

\48\ “*Methods of Analysisby the U.S. Geological Survey National Water Quality Laboratory--Determination of Total Phosphorus by Kjeldahl Digestion Method and an Automated Colorimetric Finish
That Includes Dialysis' Open File Report (OFR) 92-146.

\49\ “*Methods of Analysis by the U.S. Geological Survey National Water Quality L aboratory--Determination of Arsenic and Selenium in Water and Sediment by Graphite Furnace-Atomic Absorption
Spectrometry" Open File Report (OFR) 98-639.

\50\ “*Methods of Analysisby the U.S. Geologica Survey National Water Quality L aboratory--Determination of Elementsin Whole-water Digests Using Inductively Coupled Plasma-Optical Emission
Spectrometry and Inductively Coupled Plasma-Mass Spectrometry,” Open File Report (OFR) 98-165.

\51\ “"Methods of Analysis by the U.S. Geological Survey National Water Quality L aboratory--Determination of Inorganic and Organic Constituentsin Water and Fluvial Sediment," Open File
Report (OFR) 93-125.

\52\ All EPA methods, excluding EPA Method 300.1, are published in ““Methods for the Determination of Metalsin Environmental Samples," Supplement |, National Exposure Risk Laboratory-
Cincinnati (NERL-CI), EPA/600/R-94/111, May 1994; and ““Methods for the Determination of Inorganic Substancesin Environmental Samples," NERL-CI, EPA/600/R-93/100, August, 1993. EPA Method
300.1 is available from http://www.epa.gov/saf ewater/methods/pdfmet300.pdf.

\53\ Styrene divinyl benzene beads (e.g., AMCO-AEPA-1 or equivalent) and stabilized formazin (e.g., Hach StablCal'TM or equivalent) are acceptable substitutes for formazin.

\54\ Method D6508, Rev. 2, “"Test Method for Determination of Dissolved Inorganic Anionsin Aqueous Matrices Using Capillary lon Electrophoresis and Chromate Electrolyte," available from
Waters Corp, 34 Maple St., Milford, MA, 01757, Telephone: 508/482-2131, Fax: 508/482-3625.

\55\ Kelada-01, K elada Automated Test Methods for Total Cyanide, Acid Dissociable Cyanide, and Thiocyanate," EPA 821-B-01-009, Revision 1.2, August 2001, National Technical Information
Service (NTIS), 5285 Port Royal Road, Springfield, VA 22161 [Order Number PB 2001-108275]. The toll free telephone number is: 800-553-6847. Note: A 450-W UV lamp may be used in this method
instead of the 550-W lamp specified if it provides performance within the quality control (QC) acceptance criteria of the method in a given instrument. Similarly, modified flow cell
configurations and flow conditions may be used in the method, provided that the QC acceptance criteria are met.

\56\ QuikChem Method 10-204-00-1-X, "Digestion and Distillation of Total Cyanide in Drinking and Wastewaters using MICRO DIST and Determination of Cyanide by Flow Injection Analysis' is
available from Lachat Instruments 6645 W. Mill Road, Milwaukee, WI 53218, Telephone: 414-358-4200.

\57\ When using sulfide removal test procedures described in Method 335.4, reconstitute particulate that is filtered with the sample prior to distillation.

\58\ Unless otherwise stated, if the language of this table specifies a sample digestion and/or distillation ““followed by" analysis with a method, approved digestion and/or distillation are
required prior to analysis.

\59\ Method 245.7, Rev. 2.0, “"Mercury in Water by Cold Vapor Atomic Fluorescence Spectrometry,” February 2005, EPA-821-R-05-001, available from the U.S. EPA Sample Control Center (operated
by CSC), 6101 Stevenson Avenue, Alexandria, VA 22304, Telephone: 703-461-2100, Fax: 703-461-8056.

[[Page 30]]

\60\ The use of EDTA may decrease method sensitivity in some samples. Analysts may omit EDTA provided that all method specified quality control acceptance criteria are met.

\61\ Samples analyzed for available cyanide using Methods Ol A-1677 or D6888-04 that contain particul ate matter may be filtered only after the ligand exchange reagents have been added to the
samples, because the ligand exchange process converts complexes containing available cyanide to free cyanide, which is not removed by filtration. Analysts are further cautioned to limit the
time between the addition of the ligand exchange reagents and sample analysis to no more than 30 minutes to preclude settling of materialsin samples.
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Table IC--List of Approved Test Procedures for Non-Pesticide Organic Compounds

EPA method number \2,\ \7\ Other approved methods
Parameter \1\ Standard Methods
GC GC/IMS HPLC [Edition(s)] Standard Methods Online ASTM Other

1. Acenaphthene.................. 610 625, 1625B........... 610 6440 B [18th, 19th, 20th] .....cccvevvreennee. D4657-92 (99)............ See footnote \9\, p. 27

2. Acenaphthylene................ 610 625, 1625B........... 610 6410 B, 6440 B, [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].

3. Acrol€in.......ccceevvueuenene 603 624 \4\, 1624B.......

4. Acrylonitrile................. 603 624 \4\, 1624B.......

5. Anthracene.................... 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].

6. Benzene..........ccceceenee. 602 624, 1624B........... .ccccvenne. 6200 B [20th] and 6210 B 6200 B and C-97..........

[18th,19th], 6200 C
[20th] and 6220 B

[18th,19th].
7.Benzidine........cocoeeveer evvereeen, 625\5\, 1625B....... (10 YR See footnote \3\, p.1
8. Benzo(a)anthracene............ 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
9. Benzo(a)pyrene................ 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
10. Benzo(b)fluoranthene......... 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
11. Benzo(g,h,i) perylene........ 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
12. Benzo(k) fluoranthene........ 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
13. BENZYI ChIOTITE......ciiiis ceriiiiiis cerieirieiiririe cterivieine cterestesene e et steres eeresesteseseasesesestene sbesessssenesesseneasesn See footnote \3\, p. 130:
See footnote \6\, p.
S102
14. Benzyl butyl phthalate....... 606 625, 1625B........... .ecceeeeene 6410 B [18th, 19th, 20th] 6410 B-00.........cccccee weevvrrervennnne. See footnote \9\, p. 27
[[Page 31]]
15. Bis(2-chloroethoxy) methane.. 611 625, 1625B........... cceeeeeee 6410 B [18th, 19th, 20th] 6410 B-00.......cccccvces ereerererierieeeeees See footnote \9\, p. 27
16. Bis(2-chloroethyl) ether..... 611 625, 1625B........... ceveeveenes 6410 B [18th, 19th, 20th] 6410 B-00........cccccees werrererirerenes See footnote \9\, p. 27
17. Bis(2-ethylhexyl) phthalate.. 606 625, 1625B........... .ecceevenens 6410 B [18th, 19th, 20th] 6410 B-00.........ccccee. vreveevrrerieeereenne See footnote \9\, p. 27
18. Bromodichloro-methane........ 601 624,1624B........... wcoceuenene 6200 C [20th] and 6230 B 6200 B and C-97..........
[18th, 19th], 6200 B
[20th] and 6210 B [18th,
19th].
19. Bromoform.........ccceeee... 601 624, 1624B........... wccoevnnee. 6200 C [20th] and 6230 B 6200 B and C-97..........
[18th, 19th], 6200 B
[20th] and 6210 B [18th,
19th].
20. Bromomethane................. 601 624, 1624B........... .cccoueuee. 6200 C [20th] and 6230 B 6200 B and C-97..........

[18th, 19th], 6200 B
[20th] and 6210 B [18th,
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19th].

21. 4-Bromophenyl phenyl ether... 611 625, 1625B........... .cccevnee 6410 B [18th, 19th, 20th] 6410 B-00.........ccccees verveererieeririeenens See footnote \9\, p. 27

22. Carbon tetrachloride......... 601 624, 1624B........... ..ccueuuee. 6200 C [20th] and 6230 B 6200 C-97......ccccvieee corvvreeeriiieieennens See footnote \3\, p. 130
[18th, 19th].

23. 4-Chloro-3-methyl phenal..... 604 625, 1625B........... weeeerenene 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ..cccccvvvrrcvrereennne. See footnote \9\, p. 27
19th, 20th].

24. Chlorobenzene................ 601, 602 624, 1624B........... ..ccuu...... 6200 B [20th] and 6210 B 6200 B and C-97.......... woeceeererecrenienne. See footnote \3\, p. 130

[18th, 19th], 6200 C
[20th] and 6220 B [18th,
19th], 6200 C [20th] and
6230 B [18th, 19th].
25. Chloroethane................ 601 624, 1624B........... weooveeeee 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,

19th].
[[Page 32]]
26. 2-Chloroethylvinyl ether..... 601 624, 1624B........... ccecerenene 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
27. Chloroform.........ccceeeee 601 624,1624B........... .coceuenene 6200 B [20th] and 6210 B 6200 B and C-97.......... ccevvveevvvreniennes See footnote \3\, p. 130
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
28. Chloromethane................ 601 624,1624B........... cccoeuenene 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th] 6200 C
[20th] and 6230 B [18th,
19th].
29. 2-Chloronaph-thalene......... 612 625, 1625B........... e 6410 B [18th, 19th, 20th] 6410 B-00.........ccccecs ereeerererererieanens See footnote \9\, p. 27
30. 2-Chlorophendl............... 604 625, 1625B........... cceceeenene 6410 B, 6420 B [18th, 6410 B(00, 6420 B-00..... ..ccceovrrrcvrereennne. See footnote \9\, p. 27
19th, 20th].
31. 4-Chlorophenyl phenyl ether.. 611 625, 1625B........... .eeeeevnens 6410 B [18th, 19th, 20th] 6410 B-00.........cccce. vreveevrririeeereeene See footnote \9\, p. 27
32. Chrysene.......ccccoeveeee. 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
33. Dibenzo(a,h)an-thracene...... 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
34. Dibromochloro-methane........ 601 624, 1624B........... .cccoeenee 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th] 6200 C
[20th] and 6230 B [18th,
19th].
35. 1,2-Dichloro-benzene......... 601, 602 624, 1625B........... oceurnee. 6200 C [20th] and 6220 B 6200 C-97.....cccceceevs wevrerieerrereneerenenns See footnote \9\, p. 27
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
[[Page 33]]
36. 1,3-Dichloro-benzene......... 601, 602 624, 1625B........... ..ccuen.. 6200 C [20th] and 6220 B 6200 C-97......ccccceevs vevrerrereerreresenes See footnote \9\, p. 27

[18th, 19th], 6200 C
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[20th] and 6230 B [18th,
19th].
37. 1,4-Dichloro-benzene......... 601, 602 624, 1625B........... .ccueuenee. 6200 C [20th] and 6220 B 6200 C-97......ccccvevvr worvvrereeisiisieeenens See footnote \9\, p. 27
[18th, 19th], 6200 C
[20th] and 6230 B [18th,

19th].
38. 3,3-Dichloro-benzidine....... ............ 625, 1625B........... 605 6410 B [18th, 19th, 20th] 6410 B-00................
39. Dichlorodifluoro-methane..... BOL ..ot e 6200 C [20th] and 6230 B 6200 C-97................
[18th, 19th].
40. 1,1-Dichloroethane........... 601 624, 1624B........... ..cccoeuee. 6200 B [20th] and 6210 B 6200 B and C-97..........

[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].

41. 1,2-Dichloroethane........... 601 624, 1624B........... ccccvrnene. 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].

42. 1,1-Dichloroethene........... 601 624, 1624B........... .cccvrnee. 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].

43. trans-1,2-Dichloro-ethene.... 601 624, 1624B........... .ccocue.e. 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].

44. 2 4-Dichlorophenal........... 604 625, 1625B........... .cecunee. 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ..cccceoceeerereenennene See footnote \9\, p. 27
19th, 20th].

45, 1,2-Dichloro-propane......... 601 624, 1624B........... .ccooeueene 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,

19th].
[[Page 34]]
46. cis-1,3-Dichloro-propene..... 601 624, 1624B........... wcccvevenee 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
47. trans-1,3-Dichloro-propene... 601 624, 1624B........... .ccoveeneene 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
48. Diethyl phthalate............ 606 625, 1625B........... cccceeenee. 6410 B [18th, 19th, 20th] 6410 B-00..........cccvvs wevrererireeenencrenens See footnote \9\, p. 27
49. 2,4-Dimethylphenal........... 604 625, 1625B........... ceeeveenes 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ....cccecererrrrreennes See footnote \9\, p. 27
19th, 20th].
50. Dimethyl phthaate........... 606 625, 1625B........... .ccceeenee. 6410 B [18th, 19th, 20th] 6410 B-00..........cccvs wevrereeeeecneeeneens See footnote \9\, p. 27
51. Di-n-butyl phthalate......... 606 625, 1625B........... cccceeeeees 6410 B [18th, 19th, 20th] 6410 B-00..........cccecs wrvrererirrrnecieenes See footnote \9\, p. 27
52. Di-n-octyl phthaate......... 606 625, 1625B........... wccererenee 6410 B [18th, 19th, 20th] 6410 B-00..........cccccs weveverererereirnenes See footnote \9\, p. 27
53. 2,3-Dinitrophenal............ 604 625, 1625B........... woereenes 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ..ocovvirereieiiiiiees crerereresereneenerenenes
19th, 20th].
54. 2,4-Dinitrotoluene........... 609 625, 1625B........... eeevvrenes 6410 B [18th, 19th, 20th] 6410 B-00.........cccces wrvrererirerieirieinenes See footnote \9\, p. 27
55. 2,6-Dinitrotoluene........... 609 625, 1625B........... .eeueeee. 6410 B [18th, 19th, 20th] 6410 B-00.........ccccce. veverirreieesrenene See footnote \9\, p. 27
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LS TOI = o1 g1 o0 )Y/ | 11 o USROS See footnote \3\, p. 130;
See footnote \6\, p.
S102
57. Ethylbenzene................. 602 624, 1624B........... wcccererees 6200 B [20th] and 6210 B 6200 B and C-97.......... wovvvirireeieiiiees ceenereresenesnenenenas

[18th, 19th], 6200 C
[20th] and 6220 B [18th,

19th].

58. Fluoranthene................. 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].

[[Page 35]]

59. Fluorene..........ccue... 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].

60. 1,2,3,4,6,7,8-Heptachloro- ............ 1613B \10\...........

dibenzofuran.

61. 1,2,3,4,7,8,9-Heptachloro-  ............ 1613B \10\...........

dibenzofuran.

62.1,2,346,7,8 ... 1613B \10\...........

Heptachlorodibenzo-p-dioxin.

63. Hexachlorobenzene............ 612 625, 1625B........... ceeeueeee. 6410 B [18th, 19th, 20th] 6410 B-00.......cccccvvs crrvreeerereeeererenns See footnote \9\, p. 27

64. Hexachloro-butadiene......... 612 625, 1625B........... ............ 6410 B [18th, 19th, 20th] 6410 B-00.......ccccceces ereerieererieeeeenes See footnote \9\, p. 27

65. Hexachlorocyclo-pentadiene... 612 625\5\, 1625B....... ............ 6410 B [18th, 19th, 20th] 6410 B-00.........ccccevs veverrvrieieesrerene See footnote \9\, p. 27

66.1,2,34,78- . 1613B \10\...........

Hexachl orodibenzofuran.

67.1,236,78 = ... 1613B \10\...........

Hexachlorodibenzofuran.

68.1,2,3789- = ... 1613B \10\...........

Hexachlorodibenzofuran.

69.2,34,6,78 ... 1613B \10\...........

Hexachlorodibenzofuran.

70. 1,2,3,4,7,8-Hexachlorodibenzo- ............ 1613B \10\...........

p-dioxin.

71.1,2,3,6,7,8-Hexachlorodibenzo- ............ 1613B \10\...........

p-dioxin.

72. 1,2,3,7,8,9-Hexachlorodibenzo- ............ 1613B \10\...........

p-dioxin 1613B \10\.

73. Hexachloroethane............. 612 625, 1625B........... ceeeeens 6410 B [18th, 19th, 20th] 6410 B-00.........ccccees erererererererinenens See footnote \9\, p. 27

74. Ideno(1,2,3-cd) pyrene....... 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].

75. Isophorone................... 609 625, 1625B........... .eeceeveneee 6410 B [18th, 19th, 20th] 6410 B-00.......c.ccccces wevrerieerierieenreee See footnote\9\, p. 27

[[Page 36]]

76. Methylene chloride........... 601 624, 1624B........... ccceeurue.. 6200 C [20th] and 6230 B 6200 C-97.....ccceceevs wevrerieerereriereens See footnote \3\, p. 130
[18th, 19th].

77. 2-Methyl-4,6-dinitrophenal... 604 625, 1625B........... ccceerennen. 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ...cccecevvrvrrenienene See footnote \9\, p. 27
19th, 20th].

78. Naphthalene.................. 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00......c.cccevvs wrvrervrereerrereenenes See footnote \9\, p. 27
19th, 20th].

79. Nitrobenzere................. 609 625, 1625B........... .ecceeeene 6410 B [18th, 19th, 20th] 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
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80. 2-Nitrophenal................ 604 625, 1625B........... ccoveueeee. 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ..cccvveerereerennee See footnote \9\, p. 27
19th, 20th].
81. 4-Nitrophenal................ 604 625, 1625B........... .coveueeee. 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ...cccceovvvvreenreneee See footnote\9\, p. 27
19th, 20th].
82. N-Nitrosodimethylamine....... 607 6255, 1625B.......... coeeeeueee 6410 B [18th, 19th, 20th] 6410 B-00.......ccccccvvs cvrvrerrerererrererennns See footnote \9\, p. 27
83. N-Nitrosodi-n-propylamine.... 607 6255, 1625B.......... wccoveee. 6410 B [18th, 19th, 20th] 6410 B-00.........ccccees verveererererireeenens See footnote \9\, p. 27
84. N-Nitrosodiphenylamine....... 607 6255, 1625B.......... .ccvueuee. 6410 B [18th, 19th, 20th] 6410 B-00.......cccceceee cvvrvrerreireeieerenes See footnote \9\, p. 27
85. Octachlorodibenzofuran....... ............ 1613B \10\*..........
86. Octachlorodibenzo-p-dioxin... ............ 1613B \10\...........
87. 2,2'-Oxybis(2-chloropropane) 611 625, 1625B........... ccoeevenee. 6410 B [18th, 19th, 20th] 6410 B-00................
[also known as bis(2-
chloroisopropyl) ether].
88. PCB-1016..................... 608 625......c.ccvevieer e 6410 B [18th, 19th, 20th] 6410 B-00.........ccccce evveerereerrrereeranns See footnote \3\, p. 43;
See footnote \8\
89. PCB-1221.........ccoeuune... 608 B625......cccveveeee e 6410 B [18th, 19th, 20th] 6410 B-00.......c.ccccecs ererrrerererereennens See footnote \3\, p. 43;
See footnote \8\
90. PCB-1232........cccevveneee 608 625......cccevveieer crerrrenens 6410 B [18th, 19th, 20th] 6410 B-00.......c.ccceces vevrerererierieenreean See footnote\3\, p. 43;
See footnote \8\
[[Page 37]]
91. PCB-1242...........c.ccu...... 608 625.......c.cceeveeen e 6410 B [18th, 19th, 20th] 6410 B-00.........ccccecs ereeerereerrrereeaens See footnote \3\, p. 43;
See footnote \8\
92. PCB-1248..........cccoo.... 608 625.......ccceeuene
93. PCB-1254.........ccveueu... 608 B625......cccveeeees e 6410 B [18th, 19th, 20th] 6410 B-00.......c.ccccecs ereerrrerererrereeeaens See footnote \3\, p. 43;
See footnote \8\
94. PCB-1260..........c..coo..... 608 625.......ccceveiees e 6410 B, 6630 B [18th, 6410 B-00.......cccccees wvverresiereeisienins See footnote 3, p. 43;
19th, 20th]. See footnote 8
95. 1,2,3,7,8-Pentachloro-  ............ 1613B\10\............
dibenzofuran.
96. 2,3,4,7,8-Pentachloro-  ............ 1613B\10\............
dibenzofuran.
97. 1,2,3,7,8,-Pentachlorodibenzo- ............ 1613B\10\............
p-dioxin.
98. Pentachlorophenal............ 604 625, 1625B........... ceceeeens 6410 B, 6630 B [18th, 6410 B-00.......c.ccceves werereerererieererienene See footnote \3\, p. 140;
19th, 20th]. Seefootnote \9\, p. 27
99. Phenanthrene................. 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote \9\, p. 27
19th, 20th].
100. Phenal........cccveueen. 604 625, 1625B........... coceeuruen. 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ..ccceovrereevrereennes See footnote \9\, p. 27
19th, 20th].
101. Pyrene.......ccccvvvenenee 610 625, 1625B........... 610 6410 B, 6440 B [18th, 6410 B-00................ D4657-92 (99)............ See footnote\9\, p. 27
19th, 20th].
102.2,3,7,8-Tetraa e 1613B10..............
chlorodibenzofuran.
103. 2,3,7,8-Tetra-chlorodibenzo- ............ 613, 625\54a\, 1613B
p-dioxin. \10\.
104. 1,1,2,2-Tetra-chloro ethane. 601 624, 1624B........... ..ccu...... 6200 B [20th] and 6210 B 6200 B and C-97.......... cceevvevrereevrirenen See footnote \3\, p. 130

[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
105. Tetrachloroethene......... 601 624, 1624B........... .o 6200 B [20th] and 6210 B 6200 B and C-97.....oove. covvevreererresrssses, Seefootnote\3, p. 130
[18th, 19th], 6200 C
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[20th] and 6230 B [18th,

19th].
[[Page 38]]
106. Toluene.......ccccueveene.. 602 624,1624B........... .coeuee... 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6220 B [18th,
19th].
107. 1,2,4-Trichloro-benzene..... 612 625, 1625B........... .eeeueeee. 6410 B [18th, 19th, 20th] 6410 B-00.......cccccceee cevrvrerrerereeieerenns See footnote \3\, p. 130;
See footnote \9\, p. 27
108. 1,1,1-Trichloro-ethane...... 601 624, 1624B........... ... 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
109. 1,1,2-Trichloro-ethane...... 601 624, 1624B........... 6200 B 6200 B and C-97.......... ceceevrveeieeeeeieeae See footnote \3\, p. 130.
[20th] and
6210B
[18th,
19th], 6200
C [20th] and
6230 B
[18th, 19th]
110. Trichloroethene............. 601 624,1624B........... cccocerenene 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
111. Trichlorofluoro-methane..... 601 624......cccoeiies e 6200 B [20th] and 6210 B 6200 B and C-97..........
[18th, 19th], 6200 C
[20th] and 6230 B [18th,
19th].
112. 2,4,6-Trichlorophenal....... 604 625, 1625B........... ccoeeereee. 6410 B, 6420 B [18th, 6410 B-00, 6420 B-00..... ..cccecvrererrrereennes See footnote \9\, p. 27
19th, 20th].
[[Page 39]]
113. Vinyl chloride.............. 601 624, 1624B........... ccceeueenee. 6200 B [20th] and 6210 B 6200 B and C-97..........

[18th, 19th], <Is-thn-
€g>6200 C [20th] and
6230 B [18th, 19th].

\1\ All parameters are expressed in micrograms per liter (([mu]g/L) except for Method 1613B in which the parameters are expressed in picograms per liter (pg/L).

\2\ The full text of Methods 601-613, 624, 625, 1624B, and 1625B, are given at Appendix A, " Test Procedures for Analysis of Organic Pollutants," of this Part 136. The full text of Method
1613B isincorporated by referenceinto this Part 136 and is available from the National Technical Information Services as stock number PB95-104774. The standardized test procedure to be
used to determine the method detection limit (MDL) for these test proceduresis given at Appendix B, "Definition and Procedure for the Determination of the Method Detection Limit," of this
Part 136.

\3\ “"Methods for Benzidine: Chlorinated Organic Compounds, Pentachl orophenol and Pesticides in Water and Wastewater," U.S. Environmental Protection Agency, September, 1978.

\4\ Method 624 may be extended to screen samples for Acrolein and Acrylonitrile. However, when they are known to be present, the preferred method for these two compoundsis Method 603 or
Method 1624B.

\5\ Method 625 may be extended to include benzidine, hexachlorocyclopentadiene, N-nitrosodimethylamine, and N-nitrosodiphenylamine. However, when they are known to be present, Methods 605,
607, and 612, or Method 1625B, are preferred methods for these compounds.
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\5a\ 625, screening only.

\6\ "“Selected Analytical Methods Approved and Cited by the United States Environmental Protection Agency," Supplement to the Fifteenth Edition of Standard Methods for the Examination of
Water and Wastewater (1981).

\7\ Each analyst must make an initial, one-time demonstration of their ability to generate acceptable precision and accuracy with Methods 601-603, 624, 625, 1624B, and 1625B (See Appendix A of
this Part 136) in accordance with procedures each in Section 8.2 of each of these methods. Additionally, each laboratory, on an on-going basis must spike and analyze 10% (5% for methods 624
and 625 and 100% for methods 1624B and 1625B) of all samplesto monitor and evaluate laboratory data quality in accordance with Sections 8.3 and 8.4 of these methods. When the recovery of
any parameter falls outside the warning limits, the analytical results for that parameter in the unspiked sample are suspect. The results should be reported, but cannot be used to
demonstrate regulatory compliance. These quality control requirements also apply to the Standard Methods, ASTM Methods, and other methods cited.

\8\ ““Organochlorine Pesticides and PCBs in Wastewater Using EmporeTM Disk" 3M Corporation Revised 10/28/94.

\9\ USGS Method 0-3116-87 from ~“Methods of Analysis by U.S. Geological Survey National Water Quality Laboratory--Determination of Inorganic and Organic Constituents in Water and Fluvial
Sediments," U.S. Geological Survey, Open File Report 93-125.

\10\ Analysts may use Fluid Management Systems, Inc. PowerPrep system in place of manual cleanup provided that the analysis meet the requirements of Method 1613B (as specified in Section 9 of
the method) and permitting authorities.

Table ID--List of Approved Test Procedures for Pesticides \1\

EPA \2,\ Standard Methods 18th,

Parameter Method \7\ 19th, 20th Ed. Standard Methods Online ASTM Other
L AIDN..icee GC..ooveveeene 608 6630B & C....ccecvvvvee e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
D5812-96 (2002)......... 27; See footnote \8\
GC/MS............... 625 64108B.................. 6410 B-00...............
2. AMETYN....cvceieae O See footnote \3\, p. 83; See footnote \6\, p
S68
3. Aminocarb..................... B 1 T TSR See footnote \3\, p. 94; See footnote \6\,
p. S16
4, Atraton........ccceeeveeee. Gttt rtriies e e eaena e See footnote \3\, p. 83; See footnote \6\,
p. S68
[[Page 40]]
5. Atrazine.......cccccouveuen. (T See footnote \3\, p. 83; See footnote \6\,
p. S68; See footnote \9\
6. Azinphos methyl............... (T See footnote \3\, p. 25; See footnote \6\,
p. S51
7.Barban.......cccoveeeeenenn. 8 I See footnote \3\, p. 104; See footnote \6\,
p. S64
8. [apha]-BHC................... GC..ovreeee 608 6630B & C....cceevvvie i D3086-90................ See footnote \3\, p. 7; See footnote \8\
D5812-96(02)............
GC/MS............... 625\5\ 64108B.................. 6410 B-00...............
9. [beta]-BHC.................... GC..vvvvrve 608 6630 C....cooevvvvevee v D3086-90................ See footnote \8\
D5812-96(02)............
GC/MS............... 625\5\ 64108B.................. 6410 B-00...............
10. [delta]-BHC.................. (CTOR 608 6630 C....coovvveveinr e D3086-90................ See footnote \8\
D5812-96(02)............
GC/MS............... 625\5\ 64108B.................. 6410 B-00...............
11. [gamma]-BHC (Lindane)........ GC.ovvevverene 608 6630B & C....cceevvvee e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
D5812-96(02)............ 27; See footnote \8\
GC/MS............... 625 64108B.................. 6410 B-00...............
12, Captan.......cccevevveuennns [ O 6630 B.....cccviiier e D3086-90................ See footnote\3\, p. 7
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D5812-96(02)............
13. Carbaryl........ccccne.... T G e et e eree e eeeiee e e eareeeeaeeeareaaaas See footnote \3\, p. 94, See footnote \6\,
p. S60
14. Carbo-phenothion............. T See footnote \4\, p. 27; See footnote \6\,
p. S73
15. Chlordane.................... GC..covvvveee 608 6630B & C....ccvvevvees e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
D5812-96(02)............ 27; Seefootnote \8\
GC/IMS............... 625 6410 B.................. 6410 B-00...............
16. Chloro-propham............... T G et e eeee e eeeeee e eeaeeenreeeaaaeaaaas See footnote\3\, p. 104; See footnote \6\,
p. S64.
17.2,4-D..uceececree [ O BBA0 Bt et e See footnote \3\, p. 115; See footnote \4\,
p. 40
18. 4,4[min]-DDD................. (ORI 608 6630 B & C....cvoeevves e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
D5812-96(02)............ 27; Seefootnote \8\
GC/IMS............... 625 6410 B...........c...... 6410 B-00...............
19. 4,4[min]-DDE................. (] O 608 6630 B & C...ccvevveer e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
D5812-96(02)............ 27; Seefootnote \8\
GC/IMS............... 625 6410 B........ccccu... 6410 B-00...............
[[Page 41]]
20. 4,4[min]-DDT......cccccen... (] O 608 6630 B & C...ccveveevs e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
D5812-96(02)............ 27; Seefootnote \8\
GC/MS............... 625 6410 B.........coc.o... 6410 B-00...............
21. Demeton-O.........cccueeene. (1O RR See footnote \3\, p. 25; See footnote \6\,
p. S51
22. Demeton-S...........ccc...... GCiieiiiiiet etriies e, e eae e See footnote \3\, p. 25; See footnote \6\,
p. Sb1
23. DiazinoN......cccceueeues G et et e eeree e e e e reeeiireeeaeeeaareeans See footnote \3\, p. 25; See footnote \4\,
p. 27; Seefootnote \6\, p. S51
24. Dicamba...........c.c...... L T See footnote \3\, p. 115
25. Dichlofen-thion.............. [T See footnote \4\, p. 27; See footnote \6\,
p. S73
26. Dichloran.................... (€1 O B630B & C...ovevvviet ettt e See footnote\3\, p. 7
27. Dicofol.......ccovevennen. G aceeciies ceeeieies e e D3086-90................
D5812-96(02)............
28. Dieldrin..........cueu.... GC..covrvere 608 6630 B & C....ovvevies ettt et See footnote \3\, p. 7; Seefootnote \4\, p.
27; See footnote \8\
GC/MS............... 625 6410 B.................. 6410 B-00...............
29. Dioxathion................... LR See footnote \4\, p. 27; See footnote \6\,
p. S73
30. Disulfoton................... L TR See footnote \3\, p. 25; See footnote \6\,
p. S51
31. DiUroN......ccceeveeeevennen. 8 O See footnote \3\, p. 104; See footnote \6\,
p. S64
32. Endosulfan I................. GC..ovveveres 608 6630B & C...oovvveves e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
D5812-96(02)............ 27; See footnote \8\
GC/MS.........c.o... 625\5\ 6410 B.................. 6410 B-00...............
33. Endosulfan I1................ GC...ovveveee 608 6630 B & C....ovvveves e, D3086-90................ See footnote \3\, p. 7; See footnote \8\
D5812-96(02)............
GCIMS............... 625\5\ 6410 B.................. 6410 B-00...............
34. Endosulfan Sulfate........... GC..ovvvvrvern, 608 6630 C....covevevriiies cereireeieneseeieeins seeenre e See footnote \8\
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GC/IMS............... 625 6410 B.................. 6410 B-00...............
35. Endrin.......ccveeveenen. GC..veeee. 608 6630B & C....cocvveeeet e D3086-90,............... See footnote \3\, p. 7; See footnote \4\, p.
D5812-96(02)............ 27; Seefootnote \8\
GC/IMS............... 625\5\ 6410 B.................. 6410 B-00...............
36. Endrin aldehyde.............. GC..veeee B08 ..ottt s et See footnote \8\
GCIMS............... 625
37. Ethion.........cccceeeennee. G it erieiiiies e e eae e ———— See footnote \4\, p. 27; See footnote \6\,
p. S73
38. Fenuron...................... T C s s e e ee eeeree e a—es teeeenteeeenreeeaaaeas See footnote \3\, p. 104; See footnote \6\,
p. S64
39. Fenuron-TCA......ccceeun.. I R See footnote \3\, p. 104; See footnote \6\,
p. S64
[[Page 42]]
40. Heptachlor................... GC..oovvveenne 608 6630B & C....ccoovevee e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
GC/MS............... 625 6410 B...........c..... 6410 B-00............... D5812-96(02)............ 27; Seefootnote \8\
41. Heptachlor epoxide........... GC..ovreeeen, 608 6630 B & C...oooovveees e D3086-90................ See footnote \3\, p. 7; See footnote \4\, p.
GC/MS............... 625 6410 B.................. 6410 B-00............... D5812- 96(02)........... 27; See footnote \6\, p. S73; See footnote
\8\
42.150drin.....ccovieerinnnns [ T See footnote \4\, p. 27; See footnote \6\,
p. S73
43, LinUuroN.......ccceeeeveeneens L ST See footnote \3\, p. 104; See footnote \6\,
p. S64
44, Mdathion.................... GC.ueeeeeeees e, BB30 C...oveeeeieet e e See footnote \3\, p. 25; See footnote \4\,
p. 27; Seefootnote \6\, p. S51
45, Methiocarb................... TLC ettt crttrieiiet eeee e e, tereere et naeaes See footnote \3\, p. 94; See footnote \6\,
p. S60
46. Methoxy-chlor................ (€1 O 6630B & C...oovviiee e D3086-90, D5812-96(02).. Seefootnote \3\, p. 7; See footnote \4\, p.
27; Seefootnote \8\
47. Mexacar-bate................. L R See footnote \3\, p. 94; See footnote \6\,
p. S60
48. Mir&X....ocovveveeireerenns [ O B630 B & C..cvvveiies et e See footnote \3\, p. 7; See footnote \4\, p.
27
49. Monuron..........cc.eeueee... L T See footnote \3\, p. 104; See footnote \6\,
p. S64
50. Monuron-TCA.......cccveene... I See footnote \3\, p. 104; See footnote \6\,
p. S64
51. Nuburon..........ccccue.... L I TR See footnote \3\, p. 104; See footnote \6\,
p. S64
52. Parathion methyl............. (1 O B630 C...coovvreieiiis ettt e See footnote \3\, p. 25; See footnote \4\,
p. 27
53. Parathion ethyl.............. [ O, B030 C...veeeeett et e See footnote \3\, p. 25; See footnote \4\,
p. 27
54. PCNB.....ccooeereeirennn (1O B630B & C...coovvvvt et e See footnote \3\, p. 7
55. Perthane............c........ U D3086-90, D5812-96(02).. See footnote \4\, p. 27
56. Prometon..................... Gt ceeeiies e eeeree e aa—s taeeeneeeeaeeaaaaeas See footnote \3\, p. 83; See footnote \6\,
p. S68; See footnote \9\
57. Prometryn........cccceueuee. L T See footnote \3\, p. 83; See footnote \6\,
p. S68; See footnote \9\
58. Propazine..........c.cceu... (U See footnote \3\, p. 83; See footnote \6\,

p. S68; See footnote \9\
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[[Page 43]]

59. Propham.........ccccceue.. B T SRR See footnote \3\, p. 104; See footnote \6\,
p. S64

60. Propoxur............cc....... TLC o tiiiciiiiiet eeiriirie ertee e eeee e festeeee s See footnote \3\, p. 94; See footnote \6\,
p. S60

61. Secbumeton................... T G et eeeees e e e eeeeee e a—e anreeeeiteeee—eeeanes See footnote \3\, p. 83; See footnote \6\,
p. S68

62. Siduron............cue.ee... L See footnote \3\, p. 104; See footnote \6\,
p. S64

63. Simazine.........ccceeuee.. (U See footnote \3\, p. 83; See footnote \6\,
p. S68; See footnote \9\

64. Strobane..........ccce.... [ O B630 B & C.ooeeees e et See footnote\3\, p. 7

65. SWEP....eeereererirenne T Gt eeeeies e eie e eeeree e areeeereeeareeaaanes See footnote \3\, p. 104; See footnote \6\,
p. S64

66.2,4,5T...ciciiereennns [ O BBA0 Bi.......viciiit s e See footnote \3\, p. 115; See footnote \4\,
p. 40

67.2,4,5-TP (Silvex)............ [ O BBA0 Bh....ooceeeceet s s See footnote \3\, p. 115; See footnote \4\,
p. 40

68. Terbuthylazine............... (T See footnote \3\, p. 83; See footnote \6\,
p. S68

69. Toxaphene.........c.cc.c..... GC..oovreren 608 6630 B & C....ccvvvvvve v D3086-90, D5812-96(02).. See footnote \3\, p. 7; See footnote \4\, p.
27; See footnote \8\

GC/IMS............... 625 6410 B.................. 6410 B-00...............
70. Triflurdin.................. [ O B630 B....ooeviiceiit e et See footnote \3\, p. 7; See footnote \9\

\1\ Pesticides are listed in this table by common name for the convenience of the reader. Additional pesticides may be found under Table IC, where entries are listed by chemical name.

\2\ The full text of Methods 608 and 625 are given at Appendix A, ““Test Procedures for Analysis of Organic Pollutants,” of this Part 136. The standardized test procedure to be used to
determine the method detection limit (MDL) for these test procedures is given at Appendix B, “"Definition and Procedure for the Determination of the Method Detection Limit," of this Part
136.

\3\ “"Methods for Benzidine, Chlorinated Organic Compounds, Pentachlorophenol and Pesticides in Water and Wastewater," U.S. Environmental Protection Agency, September 1978. This EPA
publication includes thin-layer chromatography (TLC) methods.

\4\"*Methods for Analysis of Organic Substances in Water and Fluvial Sediments," Techniques of Water-Resources |nvestigations of the U.S. Geologica Survey, Book 5, Chapter A3 (1987).

\5\ The method may be extended to include [alpha]-BHC, [gamma]-BHC, endosulfan I, endosulfan |1, and endrin. However, when they are known to exist, Method 608 is the preferred method.

\6\ "“Selected Analytical Methods Approved and Cited by the United States Environmental Protection Agency." Supplement to the Fifteenth Edition of Standard Methods for the Examination of
Water and Wastewater (1981).

\7\ Each analyst must make an initial, one-time, demonstration of their ability to generate acceptable precision and accuracy with Methods 608 and 625 (See Appendix A of this Part 136) in
accordance with procedures given in Section 8.2 of each of these methods. Additionally, each laboratory, on an on-going basis, must spike and analyze 10% of all samples analyzed with Method
608 or 5% of all samples analyzed with Method 625 to monitor and evaluate laboratory data quality in accordance with Sections 8.3 and 8.4 of these methods. When the recovery of any parameter
falls outside the warning limits, the analytical results for that parameter in the unspiked sample are suspect. The results should be reported, but cannot be used to demonstrate regulatory
compliance. These quality control requirements also apply to the Standard Methods, ASTM Methods, and other methods cited.

\8\ ““Organochlorine Pesticides and PCBs in Wastewater Using EmporeTM Disk", 3M Corporation, Revised 10/28/94.

\9\ USGS Method 0-3106-93 from “*Methods of Analysis by the U.S. Geological Survey National Water Quality L aboratory--Determination of Triazine and Other Nitrogen-containing Compounds by Gas
Chromatography with Nitrogen Phosphorus Detectors" U.S. Geological Survey Open File Report 94-37.

[[Page 44]]

Table |IE--List of Approved Radiologic Test Test Procedures
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Reference (method number or page)

Parameter and units Method Standard Methods 18th,
EPA \1\ 19th, 20th Ed. Standard Methods Online ASTM USGS\2\
1. Alpha-Total, pCi per liter..... Proportional or 900.0.....ccvvenene 7110B......cccevreee. 7110 B-00................. D1943-90, 9%6.............. pp. 75 and 78 \3\
scintillation
counter.
2. Alpha-Counting error, pCi per  Proportional or Appendix B........... 7110B....ccveenee 7110 B-00................. D1943-90, %.............. p. 79
liter. scintillation
counter.
3. Beta-Total, pCi per liter...... Proportional counter. 900.0................ 7110B......ccceeee 7110 B-00................. D1890-90, 9%.............. pp. 75 and 78\3\
4. Beta-Counting error, pCi....... Proportional counter. Appendix B........... 7110B....ccoveeene. 7110 B-00................. D1890-90, %6.............. p. 79
5. (@) Radium Total pCi per liter. Proportional counter. 903.0................ 7500-RaB................. 7500-RaB-01.............. D2460-90, 97...ccoccveivr e
(b) Ra, pCi per liter.............
Scintillation counter 903.1................ 7500-RacC................. 7500-RaC-01.............. D3454-91, 97.............. p. 81

\1\ Prescribed Procedures for Measurement of Radioactivity in Drinking Water, EPA-600/4-80-032 (1980), U.S. Environmental Protection Agency, August 1980.

\2\ Fishman, M. J. and Brown, Eugene, " Selected Methods of the U.S. Geological Survey of Analysis of Wastewaters," U.S. Geological Survey, Open-File Report 76-177 (1976).

\3\ The method found on p. 75 measures only the dissolved portion while the method on p. 78 measures only the suspended portion. Therefore, the two results must be added to obtain the
“total."

[[Page 45]]
Table IF--List of Approved Methods for Pharmaceutical Pollutants

Pharmaceuticals pollutants CASregistry No. Analytical method number
acetonitrile..........covene. 75-05-8...ovvveeieieieniriens 1666/1671/D3371/D3695.
n-amyl acetate................. 628-63-7.....ccveiririririirinnns 1666/D3695.
n-amyl alcohal................. 4 1666/D3695
benzene.......cccccceienne. T1-43-2.ieen D4763/D3695/502.2/524.2.
n-butyl-acetate................ 123-86-4.....ccovvrrirrrcrernee 1666/D3695.
tert-butyl alcohal............. 75-65-0...cveneeeeieene 1666.
chlorobenzere.................. 108-90-7...ccueieeeirieeenne 502.2/524.2.
chloroform.................... 67-66-3......cveeeeieenne 502.2/524.2/551.
o-dichlorobenzene.............. 95-50-1..cvirieiciieccienes 1625C/502.2/524.2.
1,2-dichloroethane............. 107-06-2.....oeeeeieeieine D3695/502.2/524.2.
diethylamine................... 109-89-7...covvveriririririernne 1666/1671.
dimethyl sulfoxide............. 67-68-5....c.eciiiriene 1666/1671.
ethanol.........cocovvvveneee 64-17-5....cocvciriiiinene 1666/1671/D3695.
ethyl acetate.................. 141-78-6...cooeeiee 1666/D3695.
n-heptane..........cccceueeee. 142-82-5.....ccovvrrieiee 1666/D3695.
n-hexane...........ccocevne. 110-54-3.....ocvirrcrernee 1666/D3695.
isobutyraldehyde............... 78-84-2....oinn 1666/1667.
isopropanol............ceeeene 67-63-0...coeveeriieine 1666/D3695.
isopropyl acetate.............. 108-21-4......ocoveeireene 1666/D3695.
isopropyl ether................ 108-20-3......ceireereirieienns 1666/D3695.
methanal..........c.ccevueee 67-56-1....c.coererereeicirienne 1666/1671/D3695.
Methyl Cellosolve [Deltd]...... 109-86-4.......cccovrirerirererene 1666/1671
methylene chloride............. 75-09-2...ccovviiieiiiieianns 502.2/524.2
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methyl formate................. 107-31-3...ceeeeeene 1666

4-methyl-2-pentanone (MIBK).... 108-10-1.........cccecvrerirenene 1624C/1666/D3695/D4763/524.2.
phenol.......ccccoeevnirenene. 108-95-2.....covverierrieieiinene D4763.

N-propanol..........c.ccee.e.. T71-23-8...ceveeieeene 1666/1671/D3695.

2-propanone (acetone).......... 67-64-1......oceeiiiinene D3695/D4763/524.2.
tetrahydrofuran................ 109-99-9......ocoirin 1666/524.2.

toluene........cccceeenvnenene 108-88-3......cccvivererriiee D3695/D4763/502.2/524.2.
triethlyamine.................. 121-44-8.....oeeeeennne 1666/1671.

Xylenes.......coeovvnnenene. (Note 1) 1624C/1666.

Table 1F note:

1. 1624C: m-xylene 108-38-3, o,p-xylene E-14095 (Not a CAS number; thisis the number provided in the
Environmental Monitoring Methods Index (EMMI) database.); 1666: m,p-xylene 136777-61-2, o-xylene 95-47-6.

Table IG--Test Methods for Pesticide Active Ingredients

EPA Survey Code Pesticide name CASNo. EPA Analytical Method No.(s)
8 Triadimefon.............. 43121-43-3 507/633/525.1/1656
12, Dichlorvos............... 62-73-7 1657/507/622/525.1
16...ciiiine 2,4-D; 2,4-D Sdltsand 94-75-7 1658/515.1/615/515.2/555

Esters [2,4-Dichloro-
phenoxyacetic acid].

17, 2,4-DB; 2,4-DB Satsand 94-82-6 1658/515.1/615/515.2/555
Esters[2,4-
Dichlorophenoxybutyric
acid].

22 Mevinphos................ 7786-34-7 1657/507/622/525.1

25, e Cyanazine................ 21725-46-2 629/507

26...cuiiiinns Propachlor............... 1918-16-7 1656/508/608.1/525.1

27 i MCPA; MCPA Sdtsand 94-74-6 1658/615/555

Esters [2-Methyl-4-
chlorophenoxyacetic
acid].
30 Dichlorprop; Dichlorprop 120-36-5 1658/515.1/615/515.2/555
Salts and Esters [2-(2,4-
Dichlorophenoxy)
propionic acid)].
1 TN MCPP; MCPP Salts and 93-65-2 1658/615/555
Esters [2-(2-Methyl-4-
chlorophenoxy) propionic

acid].
35 TCMTB [2- 21564-17-0 637
(Thiocyanomethylthio)
benzo-thiazol€].
39 Pronamide................ 23950-58-5 525.1/507/633.1
s I Propanil................. 709-98-8 632.1/1656
45, Metribuzin............... 21087-64-9 507/633/525.1/1656
52 Acephate................. 30560-19-1 1656/1657
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LSIC T Acifluorfen.............. 50594-66-6 515.1/515.2/555
LY S Alachlor................. 15972-60-8 505/507/645/525.1/1656
55, i Aldicarb................. 116-06-3 531.1
58 AMEtryn........ccco..... 834-12-8 507/619/525.1
60....cccrrirenene Atrazine........cccouue. 1912-24-9 505/507/619/525.1/1656
62....cconiririnns Benomyl.......ccovunee 17804-35-2 631
B8, Bromacil; Bromacil Salts 314-40-9 507/633/525.1/1656
and Esters.
Bromoxynil............... 1689-84-5 1625/1661
Bromoxynil octanoate..... 1689-99-2 1656
Butachlor................ 23184-66-9 507/645/525.1/1656
Captafol........c.c..... 2425-06-1 1656
Carbaryl [Sevin]......... 63-25-2 531.1/632/553
Carbofuran............... 1563-66-2 531.1/632
Chloroneb................ 2675-77-6 1656/508/608.1/525.1
Chlorothaonil........... 1897-45-6 508/608.2/525.1/1656
Stirofos........ceeeeee. 961-11-5 1657/507/622/525.1
Chlorpyrifos............. 2921-88-2 1657/508/622
Fenvaerate.............. 51630-58-1 1660
Diazinon................. 333-41-5 1657/507/614/622/525.1
Parathion methyl......... 298-00-0 1657/614/622
DCPA [Dimethyl 2,3,5,6- 1861-32-1 508/608.2/525.1/515.1/515.2/1656
tetrachloro-
terephthalate].
112, Dinoseb...........c...... 88-85-7 1658/515.1/615/515.2/555
113 Dioxathion............... 78-34-2 1657/614.1
118, Nabonate [Disodium 138-93-2 630.1
cyanodithio-
imidocarbonate].
119 Diuron........cccceueee 330-54-1 632/553
123, Endothal................ 145-73-3 548/548.1
124, Endrin........ccoooeee 72-20-8 1656/505/508/608/617/525.1
125.. e Ethaflurain............ 55283-68-6 1656/627 See footnote 1
126...ccviiinee Ethion.......cccoceene. 563-12-2 1657/614/614.1
127 Ethoprop..........co..... 13194-48-4 1657/507/622/525.1
132, Fenarimal................ 60168-88-9 507/633.1/525.1/1656
133 Fenthion................. 55-38-9 1657/622
138....ccceee Glyphosate 1071-83-6 547
[N(Phosphonomethyl)
glycine].
140......ccennee Heptachlor............... 76-44-8 1656/505/508/608/617/525.1
144 Isopropdlin.............. 33820-53-0 1656/627
148 Linuron................. 330-55-2 553/632
150 Malathion................ 121-75-5 1657/614
154 Methamidophos............ 10265-92-6 1657
156....ccirinee Methomyl................. 16752-77-5 531.1/632
158, Methoxychlor............. 72-43-5 1656/505/508/608.2/617/525.1
172 Nabam........cccceenne. 142-59-6 630/630.1
173 e Naled.......ccccovrnene. 300-76-5 1657/622
175 e Norflurazon.............. 27314-13-2 507/645/525.1/1656
178 Benflurain.............. 1861-40-1 11656/1627
182, Fensulfothion............ 115-90-2 1657/622
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183....cie Disulfoton............... 298-04-4 1657/507/614/622/525.1

185...ee Phosmet.................. 732-11-6 1657/622.1

186.....cccvvnee Azinphos Methyl.......... 86-50-0 1657/614/622

192, Organo-tin pesticides....  12379-54-3 Ind-01/200.7/200.9

197, Boldtar.................. 35400-43-2 1657/622

203 Parathion................ 56-38-2 1657/614

204 Pendimethalin............ 40487-42-1 1656

205.....cccnien Pentachloronitrobenzene.. 82-68-8 1656/608.1/617

206......cccuennee. Pentachlorophenal......... 87-86-5 625/1625/515.2/555/515.1/ 525.1

208.....cccruen Permethrin............... 52645-53-1 608.2/508/525.1/1656/1660

212, Phorate........c...c.c... 298-02-2 1657/622

218....oine. Busan 85 [Potassium 128-03-0 630/630.1
dimethy!dithiocarbamate] .
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219...cciinns Busan 40 [Potassium N- 51026-28-9 630/630.1
hydroxymethyl-N-
methyldithiocarbamate].

220 KN Methyl [Potassium N- 137-41-7 630/630.1
methyl-dithiocarbamate].

223 Prometon................. 1610-18-0 507/619/525.1

224................ Prometryn................ 7287-19-6 507/619/525.1

226 Propazine................ 139-40-2 507/619/525.1/1656

230 PyrethrinI.............. 121-21-1 1660

232 Pyrethrin Il............. 121-29-9 1660

236 DEF [S,S,S-Tributyl 78-48-8 1657
phosphorotrithioate].

239 Simazine................. 122-34-9 505/507/619/525.1/1656

241 Carbam-S[Sodium 128-04-1 630/630.1
dimethyldithiocarbanate].

243 Vapam [Sodium 137-42-8 630/630.1
methyldithiocarbamate].

252 Tebuthiuron.............. 34014-18-1 507/525.1

254 Terbacil.......coocnee. 5902-51-2 507/633/525.1/1656

255, e Terbufos................. 13071-79-9 1657/507/614.1/525.1

256....ccninien Terbuthylazine........... 5915-41-3 619/1656

PISY (O Terbutryn.........c..... 886-50-0 507/619/525.1

259...ciiiinns Dazomet.........cc...... 533-74-4 630/630.1/1659

262....cconien Toxaphene................ 8001-35-2 1656/505/508/608/617/525.1

263....ccniien Merphos [Tributyl 150-50-5 1657/507/525.1/622
phosphorotrithioate].

264.......oueee. Trifluralin.............. 1582-09-8 1656/508/617/627/525.1

268.....ccnuen Ziram [Zinc 137-30-4 630/630.1

dimethyldithiocarbamate].

\1\ Monitor and report astotal Trifluralin.
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Table IH--List of Approved Microbiological Methods for Ambient Water

Standard methods

Parameter and units Method \1\ EPA 18th, 19th, 20th Standard methods AOAC, ASTM, USGS Other
Ed. online
Bacteria
1. E. coli, number per 100 MPN\6,8,14\  ................. 9221 B.1/9221 F 9221 B.1-99/9221 F
mL. multiple tube, \11,13\. \11,13\.
Multipletube/ ..o 9223 B \12........ 9223 B-97\12\.... 991.15\10\....... Colilert[supreg]
multiple well, \12,16\ Colilert-
18[supreg]
\12,15,16\.
MF\2,5,6,7,8\two 1103.1\19\....... 9222 B/9222 G 9222 B-97/9222 G D5392-93\9\......
step, or \18\, 9213 D. \18\.
Single step....... 1603\20\, 1604 ..ot e e mColiBlue-
\21\. 24[supreg] \17\.
2. Enterococci, number per  MPN \6,8\ multiple .................. 9230B............ 9230 B-93.........
100 mL. tube,
Multipletubel .o s e D6503-99\9\...... Enterolert[supreg]
multiple well. \12,22\.
MF\2,5,6,7,8\ two 1106.1\23\....... 9230 C............ 9230 C-93......... D5259-92 \9\......
step.

Single step, or... 1600\24\.........
Plate count....... p. 143\3\........

Protozoa:
3. Cryptosporidium.......... Filtration/IMS/FA. 1622\25)\1623
\26\.
4. Giardia................. Filtration/IMS/FA. 1623\26\.........

\1\ The method must be specified when results are reported.

\2\ A 0.45 [mu]m membrane filter (MF) or other pore size certified by the manufacturer to fully retain organisms to be cultivated and to be free of
extractables which could interfere with their growth.

\3\ USEPA.. 1978. Micrabiological Methods for Monitoring the Environment, Water, and Wastes. Environmental Monitoring and Support Laboratory, U.S.
Environmental Protection Agency, Cincinnati, OH. EPA/600/8-78/017.

\4\ [Reserved)]

\5\ Because the MF technique usually yields low and variable recovery from chlorinated wastewaters, the Most Probable Number method will be required to
resolve any controversies.

\6\ Tests must be conducted to provide organism enumeration (density). Select the appropriate configuration of tubeg/filtrations and dilutions/volumes
to account for the quality, character, consistency, and anticipated organism density of the water sample.

\7\ When the MF method has not been used previously to test waters with high turbidity, large number of noncoliform bacteria, or samples that may
contain organisms stressed by chlorine, a parallel test should be conducted with a multiple-tube technique to demonstrate applicability and
comparability of results.

\8\ To assess the comparability of results obtained with individual methods, it is suggested that side-by-side tests be conducted across seasons of the
year with the water samples routinely tested in accordance with the most current Standard Methods for the Examination of Water and Wastewater or EPA
dternate test procedure (ATP) guidelines.

\9\ ASTM. 2000, 1999, 1996. Annua Book of ASTM Standards--Water and Environmental Technology. Section 11.02. ASTM International. 100 Barr Harbor Drive,
West Conshohocken, PA 19428.

\10\ AOAC. 1995. Official Methods of Analysis of AOAC International, 16th Edition, Volume |, Chapter 17. Association of Official Analytical Chemists
International. 481 North Frederick Avenue, Suite 500, Gaithersburg, MD 20877-2417.

\11\ The multiple-tube fermentation test is used in 9221B.1. Lactose broth may be used in lieu of lauryl tryptose broth (LTB), if at least 25 parallel
tests are conducted between this broth and LTB using the water samples normally tested, and this comparison demonstrates that the fal se-positive rate
and false-negative rate for total coliform using lactose broth is less than 10 percent. No requirement exists to run the completed phase on 10 percent
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of al total coliform-positive tubes on a seasonal basis.

\12\ These tests are collectively known as defined enzyme substrate tests, where, for example, a substrate is used to detect the enzyme [beta] -
glucuronidase produced by E. cali.

\13\ After prior enrichment in a presumptive medium for total coliform using 9221B.1, all presumptive tubes or bottles showing any amount of gas, growth
or acidity within 48 h <plus-minus<Is-thn-eg> 3 h of incubation shall be submitted to 9221F. Commercially available EC-MUG media or EC media
supplemented in the laboratory with 50 [mu]g/mL of MUG may be used.

\14\ Samples shall be enumerated by the multiple-tube or multiple-well procedure. Using multiple-tube procedures, employ an appropriate tube and
dilution configuration of the sample as needed and report the Most Probable Number (MPN). Samples tested with Colilert[supreg] may be enumerated with
the multiple-well procedures, Quanti-Tray[supreg] or Quanti-Tray[supreg] 2000, and the MPN cal culated from the table provided by the manufacturer.

\15\ Colilert-18[supreg] is an optimized formulation of the Colilert[supreg] for the determination of total coliforms and E. coli that provides results
within 18 h of incubation at 35 [deg] C rather than the 24 h required for the Colilert[supreg] test and is recommended for marine water samples.

\16\ Descriptions of the Colilert[supreg], Colilert-18[supreg], Quanti-Tray[supreg], and Quanti-Tray[supreg]/2000 may be obtained from IDEXX
Laboratories, Inc., 1 IDEXX Drive, Westbrook, ME 04092.

\17\ A description of the mColiBlue24|supreg] test, Total Coliforms and E. coali, is available from Hach Company, 100 Dayton Ave., Ames, |A 50010.

\18\ Subject total coliform positive samples determined by 9222B or other membrane filter procedure to 9222G using NA-MUG media.
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\19\ USEPA. July 2006. Method 1103.1: Escherichia coli (E. coli) in Water by Membrane Filtration Using membrane-Thermotolerant Escherichia coli Agar
(mTEC). U.S. Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-010.

\20\ USEPA. July 2006. Method 1603: Escherichia coli (E. coli) in Water by Membrane Filtration Using Modified membrane-Thermotol erant Escherichia coli
Agar (Modified mTEC). U.S. Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-011.

\21\ Preparation and use of M| agar with a standard membrane filter procedure is set forth in the article, Brenner et al. 1993. “"New Medium for the
Simultaneous Detection of Total Coliform and Escherichiacoli in Water." Appl. Environ. Microbiol. 59:3534-3544 and in USEPA. September 2002.: Method
1604: Total Coliforms and Escherichia coli (E. coli) in Water by Membrane Filtration by Using a Simultaneous Detection Technique (Ml Medium). U.S.
Environmental Protection Agency, Office of Water, Washington, DC EPA 821-R-02-024.

\22\ A description of the Enterolert[supreg] test may be obtained from IDEXX Laboratories, Inc., 1 IDEXX Drive, Westbrook, ME 04092.

\23\ USEPA. July 2006. Method 1106.1: Enterococci in Water by Membrane Filtration Using membrane-Enterococcus-Esculin Iron Agar (mE-EIA). U.S.
Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-008.

\24\ USEPA. July 2006. M ethod 1600: Enterococci in Water by Membrane Filtration Using membrane-Enterococcus Indoxy!-[beta]-D-Glucoside Agar (mEl). U.S.
Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-06-009.

\25\ Method 1622 uses filtration, concentration, immunomagnetic separation of oocysts from captured material, immunofluorescence assay to determine
concentrations, and confirmation through vital dye staining and differential interference contrast microscopy for the detection of Cryptosporidium.

USEPA. 2001. Method 1622: Cryptosporidium in Water by Filtration/IMS/FA. U.S. Environmental Protection Agency, Office of Water, Washington, DC EPA-821-
R-01-026.

\26\ Method 1623 uses filtration, concentration, immunomagnetic separation of oocysts and cysts from captured material, immunofluorescence assay to
determine concentrations, and confirmation through vital dye staining and differential interference contrast microscopy for the simultaneous detection
of Cryptosporidium and Giardia oocysts and cysts. USEPA. 2001. Method 1623. Cryptosporidium and Giardiain Water by Filtration/IMS/FA. U.S.
Environmental Protection Agency, Office of Water, Washington, DC EPA-821-R-01-025.
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(b) The full texts of the methods from the following references

which arecitedin Tables|A, IB, IC, ID, IE, IF, IG and IH are

incorporated by reference into this regulation and may be obtained from

the source identified. All costs cited are subject to change and must be

verified from the indicated source. The full texts of al the test

procedures cited are available for inspection at the Nationa Archives

and Records Administration (NARA). For information on the availability

of thismaterial at NARA, call 202-741-6030, or go to: http://

www.archives.gov/federal --register/code--of --federal --regul ati ong/i br--
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locations.html.
References, Sources, Costs, and Table Citations:

(2) Thefull texts of Methods 601-613, 624, 625, 1613, 1624, and
1625 are printed in appendix A of this part 136. The full text for
determining the method detection limit when using the test proceduresis
given in appendix B of this part 136. The full text of Method 200.7 is
printed in appendix C of this part 136. Cited in: Table IB, Note 5;
TableIC, Note 2; and Table ID, Note 2.

(2) USEPA. 1978. Microbiological Methods for Monitoring the
Environment, Water, and Wastes. Environmental Monitoring and Support
Laboratory, U.S. Environmental Protection Agency, Cincinnati, Ohio. EPA/
600/8-78/017. Available at http://www.epa.gov/clariton/srch.htm or from:
National Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia 22161, Pub. No. PB-290329/A.S. Table 1A, Note 3;
Table IH, Note 3.

(3) "Methods for Chemical Analysis of Water and Wastes," U.S.
Environmental Protection Agency, EPA-600/4-79-020, March 1979, or
“*Methods for Chemical Analysis of Water and Wastes," U.S.
Environmental Protection Agency, EPA-600/4-79-020, Revised March 1983.
Available from: ORD Publications, CERI, U.S. Environmental Protection
Agency, Cincinnati, Ohio 45268, Table IB, Note 1.

(4) “Methods for Benzidine, Chlorinated Organic Compounds,
Pentachlorophenol and Pesticides in Water and Wastewater," U.S.
Environmental Protection Agency, 1978. Available from: ORD Publications,
CERI, U.S. Environmental Protection Agency, Cincinnati, Ohio 45268,
TableIC, Note 3; Table D, Note 3.

(5) “"Prescribed Procedures for Measurement of Radioactivity in
Drinking Water," U.S. Environmental Protection Agency, EPA-600/4-80-
032, 1980. Available from: ORD Publications, CERI, U.S. Environmental
Protection Agency, Cincinnati, Ohio 45268, Table IE, Note 1.

(6) American Public Health Association. 1992, 1995, and 1998.
Standard Methods for the Examination of Water and Wastewater. 18th,
19th, and 20th Edition (respectively). Available from: American Public
Health Association, 1015 15th Street, NW., Washington, DC 20005.
Standard Methods Online is available through the Standard Methods Web
site (http://www.standardmethods.org). Tables A, IB, IC, ID, IE, and
IH.

(7) Ibid, 15th Edition, 1980. Table IB, Note 30; Table ID.

(8) Ibid, 14th Edition, 1975. Table IB, Notes 17 and 27.

(9) “"Selected Analytical Methods Approved and Cited by the United
States Environmental Protection Agency," Supplement to the 15th Edition
of Standard Methods for the Examination of Water and Wastewater, 1981.
Available from: American Public Health Association, 1015 Fifteenth
Street NW., Washington, DC 20036. Cost available from publisher. Table
1B, Note 10; Table IC, Note 6; Table ID, Note 6.

(10) ASTM International. Annual Book of ASTM Standards, Water, and
Environmental Technology, Section 11, Volumes 11.01 and 11.02, 1994,
1996, 1999, Volume 11.02, 2000, and individual standards published after
2000. Available from: ASTM International, 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959, or http://www.astm.org.
Tables|A, IB, IC, ID, IE, and IH.
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(11) USGS. 1989. U.S. Geological Survey Techniques of Water-
Resources Investigations, Book 5, Laboratory Analysis, Chapter A4,
Methods for Collection and Analysis of Aquatic Biological and
Microbiological Samples, U.S. Geological Survey, U.S. Department of the
Interior, Reston, Virginia. Available
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from USGS Books and Open-File Reports Section, Federal Center, Box
25425, Denver, Colorado 80225. Table |A, Note 5; Table IH.

(12) “"Methods for Determination of Inorganic Substances in Water
and Fluvial Sediments," by M.J. Fishman and Linda C. Friedman,
Techniques of Water-Resources Investigations of the U.S. Geological
Survey, Book 5 Chapter A1 (1989). Available from: U.S. Geological
Survey, Denver Federal Center, Box 25425, Denver, CO 80225. Cost:
$108.75 (subject to change). Table IB, Note 2.

(13) ““Methods for Determination of Inorganic Substancesin Water
and Fluvial Sediments," N.W. Skougstad and others, editors. Techniques
of Water-Resources Investigations of the U.S. Geologica Survey, Book 5,
Chapter A1 (1979). Available from: U.S. Geological Survey, Denver
Federal Center, Box 25425, Denver, CO 80225. Cost: $10.00 (subject to
change), Table 1B, Note 8.

(14) “*Methods for the Determination of Organic Substancesin Water
and Fluvial Sediments," Wershaw, R.L., et a, Techniques of Water-
Resources Investigations of the U.S. Geological Survey, Book 5, Chapter
A3(1987). Available from: U.S. Geologica Survey, Denver Federal
Center, Box 25425, Denver, CO 80225. Cost: $0.90 (subject to change).
Table IB, Note 24; Table ID, Note 4.

(15) “"Water Temperature--Influential Factors, Field Measurement and
Data Presentation,” by H.H. Stevens, Jr., J. Ficke, and G.F. Smoot,
Techniques of Water-Resources Investigations of the U.S. Geological
Survey, Book 1, Chapter D1, 1975. Available from: U.S. Geological
Survey, Denver Federal Center, Box 25425, Denver, CO 80225. Cost: $1.60
(subject to change). Table 1B, Note 32.

(16) **Selected Methods of the U.S. Geological Survey of Analysis of
Wastewaters," by M.J. Fishman and Eugene Brown; U.S. Geological Survey
Open File Report 76-77 (1976). Available from: U.S. Geologica Survey,
Branch of Distribution, 1200 South Eads Street, Arlington, VA 22202.

Cost: $13.50 (subject to change). Table IE, Note 2.

(17) AOAC-International. Official Methods of Analysis of AOAC-
International, 16th Edition, (1995). Available from: AOAC-International,
481 North Frederick Avenue, Suite 500, Gaithersburg, MD 20877. Table IB,
See footnote 3.

(18) “*American National Standard on Photographic Processing
Effluents,” April 2, 1975. Available from: American National Standards
Institute, 1430 Broadway, New Y ork, New Y ork 10018. Table IB, Note 9.

(19) “"An Investigation of Improved Procedures for Measurement of
Mill Effluent and Receiving Water Color," NCASI Technical Bulletin No.
253, December 1971. Available from: National Council of the Paper
Industry for Air and Stream Improvements, Inc., 260 Madison Avenue, New
York, NY 10016. Cost available from publisher. Table IB, Note 18.

(20) Ammonia, Automated Electrode Method, Industrial Method Number
379-75WE, dated February 19, 1976. Technicon Auto Analyzer 1. Method
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and price available from Technicon Industrial Systems, Tarrytown, New
York 10591. Table B, Note 7.

(21) Chemica Oxygen Demand, Method 8000, Hach Handbook of Water
Analysis, 1979. Method price available from Hach Chemical Company, P.O.
Box 389, Loveland, Colorado 80537. Table IB, Note 14.

(22) OIC Chemical Oxygen Demand Method, 1978. Method and price
available from Oceanography International Corporation, 512 West Loop,
P.O. Box 2980, College Station, Texas 77840. Table IB, Note 13.

(23) ORION Research Instruction Manual, Residual Chlorine Electrode
Model 97-70, 1977. Method and price available from ORION Research
Incorporation, 840 Memoria Drive, Cambridge, Massachusetts 02138. Table
1B, Note 16.

(24) Bicinchoninate Method for Copper. Method 8506, Hach Handbook of
Water Analysis, 1979, Method and price available from Hach Chemical
Company, P.O. Box 300, Loveland, Colorado 80537. Table IB, Note 19.

(25) Hydrogen lon (pH) Automated Electrode Method, Industrial Method
Number 378-75WA. October 1976. Bran & Luebbe (Technicon) Auto Analyzer
1. Method and price available from Bran & Luebbe Analyzing
Technologies, Inc. Elmsford, N.Y. 10523. Table IB, Note 21.

(26) 1,10-Phenanthroline Method using FerroVer Iron Reagent for
Water,
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Hach Method 8008, 1980. Method and price available from Hach Chemical
Company, P.O. Box 389 Loveland, Colorado 80537. Table 1B, Note 22.

(27) Periodate Oxidation Method for Manganese, Method 8034, Hach
Handbook for Water Analysis, 1979. Method and price available from Hach
Chemical Company, P.O. Box 389, Loveland, Colorado 80537. Table 1B, Note
23.

(28) Nitrogen, Nitrite--Low Range, Diazotization Method for Water
and Wastewater, Hach Method 8507, 1979. Method and price available from
Hach Chemical Company, P.O. Box 389, Loveland, Colorado 80537. Table IB,
Note 25.

(29) Zincon Method for Zinc, Method 8009. Hach Handbook for Water
Analysis, 1979. Method and price available from Hach Chemical Company,
P.O. Box 389, Loveland, Colorado 80537. Table IB, Note 33.

(30) " Direct Determination of Elemental Phosphorus by Gas-Liquid
Chromatography," by R.F. Addison and R.G. Ackman, Journal of
Chromatography, Volume 47, No. 3, pp. 421-426, 1970. Available in most
public libraries. Back volumes of the Journal of Chromatography are
available from Elsevier/North-Holland, Inc., Journal Information Centre,

52 Vanderbilt Avenue, New York, NY 10164. Cost available from publisher.
Table IB, Note 28.

(31) " Direct Current Plasma (DCP) Optical Emission Spectrometric
Method for Trace Elemental Analysis of Water and Wastes', Method AES
0029, 1986-Revised 1991, Fison Instruments, Inc., 32 Commerce Center,
Cherry Hill Drive, Danvers, MA 01923. Table B, Note 34.

(32) "Closed Vessel Microwave Digestion of Wastewater Samples for
Determination of Metals, CEM Corporation, P.O. Box 200, Matthews, North
Carolina 28106-0200, April 16, 1992. Available from the CEM Corporation.
Table 1B, Note 36.

(33) “"Organochlorine Pesticides and PCBs in Wastewater Using Empore
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\TM\ Disk" Test Method 3M 0222, Revised 10/28/94. 3M Corporation, 3M
Center Building 220-9E-10, St. Paul, MN 55144-1000. Method available
from 3M Corporation. Table IC, Note 8 and Table ID, Note 8.

(34) USEPA.. October 2002. Methods for Measuring the Acute Toxicity
of Effluents and Receiving Waters to Freshwater and Marine Organisms.
Fifth Edition. U.S. Environmental Protection Agency, Office of Water,
Washington, DC EPA 821-R-02-012. Available at http://www.epa.gov/
epahome/index/sources.htm or from National Technical Information
Service, 5285 Port Royal Road, Springfield, Virginia 22161, Pub. No.
PB2002-108488. Tahle 1A, Note 25.

(35) “"Nitrogen, Total Kjeldahl, Method PAI-DKO1 (Block Digestion,
Steam Distillation, Titrimetric Detection)”, revised 12/22/94.

Available from Perstorp Analytical Corporation, 9445 SW Ridder Rd.,
Suite 310, P.O. Box 648, Wilsonville, OK 97070. Table IB, Note 39.

(36) "Nitrogen, Total Kjeldahl, Method PAI-DK02 (Block Digestion,
Steam Distillation, Colorimetric Detection)”, revised 12/22/94.

Available from Perstorp Analytical Corporation, 9445 SW Ridder Rd.,
Suite 310, P.O. Box 648, Wilsonville, OK 97070. Table IB, Note 40.

(37) “"Nitrogen, Total Kjeldahl, Method PAI-DKO03 (Block Digestion,
Automated FIA Gas Diffusion)”, revised 12/22/94. Available from
Perstorp Analytical Corporation, 9445 SW Ridder Rd., Suite 310, P.O. Box
648, Wilsonville, OK 97070. Table IB, Note 41.

(38) USEPA.. October 2002. Short-Term Methods for Measuring the
Chronic Toxicity of Effluents and Receiving Waters to Freshwater
Organisms. Fourth Edition. U.S. Environmental Protection Agency, Office
of Water, Washington, DC EPA 821-R-02-013. Available at http://
www.epa.gov/epahome/index/sources.htm or from National Technical
Information Service, 5285 Port Royal Road, Springfield, Virginia 22161,
Pub. No. PB2002-108489. Table |A, Note 26.

(39) USEPA. October 2002. Short-Term Methods for Measuring the
Chronic Toxicity of Effluents and Receiving Waters to Marine and
Estuarine Organisms. Third Edition. U.S. Environmental Protection
Agency, Office of Water, Washington, DC EPA 821-R-02-014. Available at
http://www.epa.gov/epahome/index/sources.htm or from National Technical
Information Service, 5285 Port Royal Road, Springfield, Virginia 22161,
Pub. No. PB2002-108490. Table |A, Note 27.

[[Page 53]]

(40) EPA Methods 1666, 1667, and 1671 listed in the table above are
published in the compendium titled Analytical Methods for the
Determination of Pollutantsin Pharmaceutical Manufacturing Industry
Wastewaters (EPA 821-B-98-016). EPA Methods 502.2 and 524.2 have been
incorporated by reference into 40 CFR 141.24 and are in Methods for the
Determination of Organic Compounds in Drinking Water, EPA-600/4-88-039,
December 1988, Revised, July 1991, and Methods for the Determination of
Organic Compounds in Drinking Water-Supplement 11, EPA-600/R-92-129,
August 1992, respectively. These EPA test method compendia are available
from the National Technical Information Service, NTIS PB91-231480 and
PB92-207703, U.S. Department of Commerce, 5285 Port Royal Road,
Springfield, Virginia 22161. The toll-free number is 800-553-6847. ASTM
test methods D3371, D3695, and D4763 are available from the American
Society for Testing and Materials, 100 Barr Harbor Drive, West
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Conshohocken, PA 19428-2959.

(41) USEPA. 2002. Method 1631, Revision E, ““Mercury in Water by
Oxidation, Purge and Trap, and Cold Vapor Atomic Fluorescence
Spectrometry." September 2002. Office of Water, U.S. Environmental
Protection Agency (EPA-821-R-02-019). Available from: Nationa Technical
Information Service, 5285 Port Royal Road, Springfield, Virginia 22161.
Publication No. PB2002-108220. Cost: $25.50 (subject to change).

(42) [Reserved]

(43) Method OIA-1677, Available Cyanide by Flow Injection, Ligand
Exchange, and Amperometry. August 1999. ALPKEM, Ol Analytical, Box 648,
Wilsonville, Oregon 97070 (EPA-821-R-99-013). Available from: National
Technical Information Service, 5285 Port Royal Road, Springfield,

Virginia 22161. Publication No. PB99-132011. Cost: $22.50. Table B,
Note 44.

(44) "Methods of Analysis by the U.S. Geologica Survey National
Water Quality Laboratory Determination of Ammonium Plus Organic Nitrogen
by aKjeldahl Digestion Method and an Automated Photometric Finish that
Includes Digest Cleanup by Gas Diffusion”, Open File Report (OFR) 00-
170. Available from: U.S. Geologica Survey, Denver Federal Center, Box
25425, Denver, CO 80225. Table IB, Note 45.

(45) ““Methods of Analysis by the U.S. Geological Survey National
Water Quality Laboratory--Determination of Chromium in Water by Graphite
Furnace Atomic Absorption Spectrophotometry”, Open File Report (OFR)
93-449. Available from: U.S. Geologica Survey, Denver Federal Center,
Box 25425, Denver, CO 80225. Table IB, Note 46.

(46) “"Methods of Analysis by the U.S. Geologica Survey National
Water Quality Laboratory--Determination of Molybdenum in Water by
Graphite Furnace Atomic Absorption Spectrophotometry”, Open File Report
(OFR) 97-198. Available from: U.S. Geological Survey, Denver Federal
Center, Box 25425, Denver, CO 80225. Table IB, Note 47.

(47) “"Methods of Analysis by the U.S. Geological Survey National
Water Quality Laboratory--Determination of Total Phosphorus by Kjeldahl
Digestion Method and an Automated Colorimetric Finish That Includes
Dialysis’ Open File Report (OFR) 92-146. Available from: U.S.

Geologica Survey, Denver Federal Center, Box 25425, Denver, CO 80225.
Table IB, Note 48.

(48) "Methods of Analysis by the U.S. Geological Survey National
Water Quality Laboratory--Determination of Arsenic and Selenium in Water
and Sediment by Graphite Furnace--Atomic Absorption Spectrometry” Open
File Report (OFR) 98-639. Table 1B, Note 49.

(49) “"Methods of Analysis by the U.S. Geological Survey National
Water Quality Laboratory--Determination of Elementsin Whole-Water
Digests Using Inductively Coupled Plasma-Optical Emission Spectrometry
and Inductively Coupled Plasma-Mass Spectrometry” , Open File Report
(OFR) 98-165. Available from: U.S. Geological Survey, Denver Federal
Center, Box 25425, Denver, CO 80225. Table IB, Note 50.

(50) “"Methods of Analysis by the U.S. Geologica Survey National
Water Quality Laboratory--Determination of Triazine and Other Nitrogen-
containing Compounds by Gas Chromatography with Nitrogen Phosphorus
Detectors' U.S.Geological Survey Open File Report 94-37. Available
from: U.S.
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Geologica Survey, Denver Federal Center, Box 25425, Denver, CO 80225.
Table D, Note 9.

(51) “"Methods of Analysis by the U.S. Geological Survey National
Water Quality Laboratory--Determination of Inorganic and Organic
Congtituentsin Water and Fluvial Sediments"’, Open File Report (OFR)
93-125. Available from: U.S. Geologica Survey, Denver Federal Center,
Box 25425, Denver, CO 80225. Table IB, Note 51; Table IC, Note 9.

(52) IDEXX Laboratories, Inc. 2002. Description of Colilert[reg],
Colilert-18[reg], Quanti-Tray[reg], Quanti-Tray[reg]/2000,

Enterolert[reg] methods are available from IDEXX Laboratories, Inc., One
Idexx Drive, Westbrook, Maine 04092. Table |A, Notes 17 and 23; Table
IH, Notes 16 and 22.

(53) Hach Company, Inc. Revision 2, 1999. Description of m-
ColiBlue24[reg] Method, Total Coliformsand E. cali, is available from
Hach Company, 100 Dayton Ave, Ames |A 50010. Table |A, Note 18; Table
IH, Note 17.

(54) USEPA.. July 2006. Method 1103.1: Escherichiacoli (E. coli) in
Water by Membrane Filtration Using membrane-Thermotolerant Escherichia
coli Agar (mTEC). U.S. Environmental Protection Agency, Office of Water,
Washington DC EPA-621-R-06-010. Available at http://www.epa.gov/
waterscience/methods/. Table IH, Note 19.

(55) USEPA. July 2006. Method 1106.1: Enterococci in Water by
Membrane Filtration Using membrane-Enterococcus-Esculin Iron Agar (mE-
EIA). U.S. Environmental Protection Agency, Office of Water, Washington
DC EPA-621-R-06-008. Available at http://www.epa.gov/waterscience/
methods/. Table IH, Note 23

(56) USEPA. July 2006. Method 1603: Escherichia coli (E. coli) in
Water by Membrane Filtration Using Modified membrane-Thermotol erant
Escherichia coli Agar (Modified mTEC). U.S. Environmental Protection
Agency, Office of Water, Washington DC EPA-821-R-06-011. Available at
http://www.epa.gov/waterscience/methods/. Table IH, Note 19; Table IH,
Note 20.

(57) Brenner et al. 1993. New Medium for the Simultaneous Detection
of Total Coliforms and Escherichiacoli in Water. Appl. Environ.

Microbiol. 59:3534-3544. Available from the American Society for
Microbiology, 1752 N Street NW., Washington DC 20036. Table IH, Note 21.

(58) USEPA.. September 2002. Method 1604: Total Coliforms and
Escherichia coli (E. coli) in Water by Membrane Filtration Using a
Simultaneous Detection Technique (M1 Medium). U.S. Environmental
Protection Agency, Office of Water, Washington DC EPA-821-R-02-024.
Available at http://www.epa.gov/waterscience/methods/. Table IH, Note
20.

(59) USEPA. July 2006. Method 1600: Enterococci in Water by Membrane
Filtration Using membrane-Enterococcus I ndoxyl-[beta] -D-Glucoside Agar
(mEl). U.S. Environmental Protection Agency, Office of Water, Washington
DC EPA-821-R-06-009. Available at http://www.epa.gov/waterscience/
methods/. Table |A, Note 24; Table IH, Note 24.

(60) USEPA. April 2001. Method 1622: Cryptosporidium in Water by
Filtration/IMS/FA. U.S. Environmental Protection Agency, Office of
Water, Washington DC EPA-821-R-01-026. Available at http://www.epa.gov/
waterscience/methods/. Table IH, Note 25.

(61) USEPA. April 2001. Method 1623: Cryptosporidium and Giardiain
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Water by Filtration/IMS/FA. U.S. Environmental Protection Agency, Office
of Water, Washington DC. EPA-821-R-01-025. Available at http://
Www.epa.gov/waterscience/methods/. Table IH, Note 26.

(62) AOAC. 1995. Official Methods of Analysis of AOAC International,
16th Edition, Volume I, Chapter 17. AOAC International, 481 North
Frederick Avenue, Suite 500, Gaithersburg, Maryland 20877-2417. Table
A, Note 11; Table IH.

(63) Waters Corporation. Method D6508, Rev. 2, " Test Method for
Determination of Dissolved Inorganic Anionsin Aqueous Matrices Using
Capillary lon Electrophoresis and Chromate Electrolyte," available from
Waters Corp, 34 Maple Street, Milford, MA 01757, Telephone: 508/482-
2131, Fax: 508/482-3625, Table IB, See footnote 54.

(64) Kelada-01, “"Kelada Automated Test Methods for Total Cyanide,
Acid Dissociable Cyanide, and Thiocyanate," EPA 821-B-01-009 Revision
1.2, August 2001 is available from
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National Technical Information Service (NTIS), 5285 Port Royal Road,
Springfield, VA 22161 [Order Number PB 2001-108275]. Telephone: 800-553-
6847. Table 1B, See footnote 55.

(65) QuikChem Method 10-204-00-1-X, "“"Digestion and Distillation of
Total Cyanidein Drinking and Wastewaters using MICRO DIST and
Determination of Cyanide by Flow Injection Analysis’ Revision 2.2,

March 2005 is available from Lachat Instruments 6645 W. Mill Road,
Milwaukee, W1 53218, Telephone: 414-358-4200. Table IB, See footnote 56.

(66) “"Methods for the Determination of Metalsin Environmental
Samples," Supplement |, National Exposure Risk Laboratory-Cincinnati
(NERL-CI), EPA/600/R-94/111, May 1994; and ~“Methods for the
Determination of Inorganic Substances in Environmental Samples," NERL-
Cl, EPA/600/R-93/100, August, 1993 are available from National Technical
Information Service (NTIS), 5285 Port Royal Road, Springfield, VA 22161.
Telephone: 800-553-6847. Table IB.

(67) “*Determination of Inorganic lonsin Drinking Water by lon
Chromatography,” Rev. 1.0, 1997 is available from from http://
www.epa.gov/saf etwater/methods/met300.pdf. Table IB.

(68) Table IG Methods are available in ““Methods For The
Determination of Nonconventional Pesticides In Municipa and Industrial
Wastewater, Volume |," EPA 821-R-93-010A, August 1993 Revision |, and
““Methods For The Determination of Nonconventional Pesticides In
Municipal and Industrial Wastewater, Volume 11," EPA 821-R-93-010B
(August 1993) are available from National Technical Information Service
(NTIS), 5285 Port Royal Road, Springfield, VA 22161. Telephone: 800-553-
6847.

(69) Method 245.7, Rev. 2.0, “"Mercury in Water by Cold Vapor Atomic
Fluorescence Spectrometry," February 2005, EPA-821-R-05-001, available
from the U.S. EPA Sample Control Center (operated by CSC), 6101
Stevenson Avenue, Alexandria, VA 22304, Telephone: 703-461-8056. Table
1B, See footnote 59.

(70) USEPA.. July 2006. Method 1680: Fecal Coliformsin Sewage Sludge
(Biosolids) by Multiple-Tube Fermentation using Lauryl Tryptose Broth
(LTB) and EC Medium. U.S. Environmental Protection Agency, Office of
Water, Washington DC. EPA 821-R-06-012. Available at http://www.epa.gov/
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waterscience/methods/.

(71) USEPA. July 2006. Method 1681: Fecal Coliformsin Sewage Sludge
(Biosolids) by Multiple-Tube Fermentation using A-1 Medium. U.S.
Environmental Protection Agency, Office of Water, Washington DC. EPA
821-R-06-013. Available at http://www.epa.gov/waterscience/methods/.

(72) USEPA.. July 2006. Method 1682: Salmonellain Sewage Sludge
(Biosolids) by Modified Semisolid Rappaport-Vassiliadis (MSRV) Medium.
U.S. Environmental Protection Agency, Office of Water, Washington DC.
EPA 821-R-06-014. Available at http://www.epa.gov/waterscience/methods/.

(c) Under certain circumstances, the Regional Administrator or the
Director in the Region or State where the discharge will occur may
determine for a particular discharge that additional parameters or
pollutants must be reported. Under such circumstances, additional test
procedures for analysis of pollutants may be specified by the Regional
Administrator, or the Director upon recommendation of the Alternate Test
Procedure Program Coordinator, Washington, DC.

(d) Under certain circumstances, the Administrator may approve
additional aternate test procedures for nationwide use, upon
recommendation by the Alternate Test Procedure Program Coordinator,
Washington, DC.

(e) Sample preservation procedures, container materials, and maximum
allowable holding times for parameters are cited in Tables |A, 1B, IC,

ID, IE, IF, 1G and IH are prescribed in Table I1. Information in the

table takes precedence over information in specific methods or

elsawhere. Any person may apply for avariance from the prescribed
preservation techniques, container materials, and maximum holding times
applicable to samples taken from a specific discharge. Applications for
variances may be made by letters to the Regional Administrator in the
Region in which the discharge will occur. Sufficient data should be
provided to assure such variance does not adversely affect the integrity

of the sample. Such datawill be forwarded by
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the Regional Administrator, to the Alternate Test Procedure Program
Coordinator, Washington, DC, for technical review and recommendations
for action on the variance application. Upon receipt of the
recommendations from the Alternate Test Procedure Program Coordinator,
the Regional Administrator may grant a variance applicableto the

specific discharge to the applicant. A decision to approve or deny a
variance will be made within 90 days of receipt of the application by

the Regional Administrator.

Table |1--Required Containers, Preservation Techniques, and Holding Times

Maximum holding time
Parameter No./name Container \1\ Preservation \2,3\ \4\

Table |A--Bacterial Tests:

1-5. Coliform, total, fecal, and PA, G.................. Cooal, <10 [deg]C, 6 hours.\22,23\

E. coli. 0.0008% Na2S203 \5\.

6. Fecal streptococgci............ PA, G Cool, <10 [deg]C, 6 hours.\22\
0.0008% Na2S203 \5\.
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7. ENterococGi.........cc...... PA G Cool, <10 [deg]C, 6 hours.\22\
0.0008% Na2S203 \5\.
8. Salmonédlla..........cc...... PA, G Cool, <10 [deg]C, 6 hours.\22\
0.0008% Na2S203 \5\.
Table |A--Aquatic Toxicity Tests:
9-11. Toxicity, acute and chronic P, FP, G............... Cool, <=6 [deg]C \16\.. 36 hours.
TableB--Inorganic Tests:
L Acidity..cocoeviieriennne. P,FP,G......... Cool, <=6 [deg]C \18\.. 14 days.
2. Alkalinity......ccccovveeeee. P, FP,G........... Cool, <=6 [deg]C\18\.. 14 days.
4. AMmOonia.......cccceereeunee P, FP,G.............. Cool, <=6 [deg]C\18\, 28 days.
H2S04 to pH<2.
9. Biochemica oxygen demand..... P, FP, G............... Cool, <=6 [deg]C \18\.. 48 hours.
10. Boron........ccceeeeeenvens P, FP, or Quartz....... HNO3to pH<2........... 6 months.
11. Bromide.........c..cu....... P, FP,G.............. Nonerequired.......... 28 days.
14. Biochemical oxygendemand, P,FPG................ Cool, <=6 [deg]C\18\.. 48 hours.
carbonaceous.
15. Chemical oxygen demand....... P, FP,G............... Cool, <=6 [deg]C \18\, 28 days.
H2S04 to pH<2.
16. Chloride..................... P, FP,G.............. Nonerequired.......... 28 days.
17. Chlorine, total residual..... PG None required.......... Analyze within 15
minutes.
21. ColOr....ccvereeiriine, P,FP,G............ Cool, <=6 [deg]C \18\.. 48 hours.
23-24. Cyanide, total or P, FP, G............... Cool, <=6 [deg]C\18\, 14 days.
available (or CATC). NaOH to pH<Is-thn-
eg>12\6\, reducing
agent \5\.
25. Fluoride........ccccenee. P None required.......... 28 days.
27. Hardness..................... P, FP, G............ HNO3 or H2S04 to pH<2.. 6 months.
28. Hydrogenion (pH)............ P,FP,G......ccc..... None required.......... Analyze within 15
minutes.
31, 43. Kjeldahl and organic N... P, FP, G............... Cool, <=6 [deg]C\18\, 28 days.
H2S04 to pH<2.
Table IB--Metals: \7\
18. Chromium Vl.................. P, FP, G.............. Cool, <=6 [deg]C\18\, 28 days.
pH =9.3-9.7\20\.
35. Mercury (CVAA).......... P, FP,G.....ccc..ee. HNO3 to pH<2........... 28 days.
35. Mercury (CVAFS).............. FP, G; and FP-lined cap 5 mL/L 12N HCl or 5mL/ 90 days\17\
\17\. L BrCI\17\.
3,58,12,13,19,20,22,26, P,FP G...... HNO3topH<2,orat 6 months.
29, 30, 32-34, 36, 37, 45, 47, least 24 hours prior
51, 52, 58-60, 62, 63, 70-72, to analysis\19\.
74, 75.

Metals, except boron, chromium
V1, and mercury.

38. Nitrate.......coceevuvennee P, FP G........... Cool, <=6 [deg]C \18\.. 48 hours.
39. Nitrate-nitrite.............. P, FP,G....ccoen. Cool, <=6 [deg]C\18\, 28 days.
H2S04 to pH<2.
40. Nitrite....coeveeeeeeeee. P, FP,G............... Cool, <=6 [deg]C \18\.. 48 hours.
41. Oil and grease............... (T Cool to<=6[deg]C 28 days.
\18\, HCI or H2SO4 to
pH<2.
42. Organic Carbon............... P,FP,G...ccccoee Cool to<=6[deg]C 28 days.

\18\, HCI, H2S04, or
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H3PO4 to pH<2.
44. Orthophosphate............... P, FP,G......... Cool, <=6 [deg]C \18\.. Filter within 15
minutes; Analyze
within 48 hours.

46. Oxygen, Dissolved Probe...... G, Bottle and top...... Nonerequired.......... Analyze within 15
minutes.
47. Winklef.....oocvvveennns G, Bottle and top...... Fix on siteand store 8 hours.
in dark.
48. Phenoals.........ccccvnne.. [T Cool, <=6 [deg]C\18\, 28 days.
H2S04 to pH<2.
49. Phosphorous (elementd)...... {C TR Cool, <=6 [deg]C \18\.. 48 hours.
50. Phosphorous, total........... P, FP, G............... Cool, <=6 [deg]C\18\, 28 days.
H2S04 to pH<2.
53. Residug, total............... P, FP, G............... Cool, <=6 [deg]C\18\.. 7 days.
54, Residue, Filterable.......... P,FP,G......c..... Cool, <=6 [deg]C \18\.. 7 days.
55. Residue, Nonfilterable (TSS). P, FP, G............... Cool, <=6 [deg]C\18\.. 7 days.
56. Residue, Settleable.......... P,FP,G....ccouee Cool, <=6 [deg]C\18\.. 48 hours.
[[Page 57]]
57. Residue, Voldtile............ P,FP,G............. Cool, <=6 [deg]C\18\.. 7 days.
61. Silica..cccoeererernanns Por Quartz............ Cool, <=6 [deg]C \18\.. 28 days.
64. Specific conductance......... P, FP,G...ccoee. Cool, <=6 [deg]C \18\.. 28 days.
65. Sulfate........ccoeenennee P,FP,G....... Cool, <=6 [deg]C \18\.. 28 days.
66. Sulfide...........ccoeeuee. P, FP, G............. Cool, <=6 [deg]C\18\, 7 days.

add zinc acetate plus
sodium hydroxide to
pH<Is-thn-eg>9.

67. Sulfite......ccceuveneeee. P, FP,G.............. Nonerequired.......... Analyze within 15
minutes.

68. Surfactants.................. P, FP,G....ccccoe. Cool, <=6 [deg]C \18\.. 48 hours.

69. Temperature.................. P, FP,G.............. Nonerequired.......... Analyze.

73. Turbidity......c.ccooeenee P,FP,G..ccceeve Cool, <=6 [deg]C \18\.. 48 hours.

Table |C--Organic Tests\8\
13, 18-20, 22, 24-28, 34-37, 39- G, FP-lined septum..... Cool, <=6 [deg]C\18\, 14 days.
43, 45-47, 56, 76, 104, 105, 108- 0.008% Na2S203 \5\.
111, 113. Purgeable Halocarbons.
6, 57, 106. Purgeable aromatic G, FP-lined septum..... Cool, <=6 [deg]C\18\, 14 days.\9\
hydrocarbons. 0.008% Na2S203 \5\,
HCI to pH 2\9\.
3, 4. Acrolein and acrylonitrile. G, FP-lined septum..... Cool, <=6 [deg]C \18\, 14 days.\10\
0.008% Na2S203\5\, pH
to 4-5\10\.
23,30, 44, 49, 53, 77, 80, 81, G, FP-lined cap........ Cool, <=6 [deg]C \18\, 7 days until
98, 100, 112. Phenols\11\. 0.008% Na2S203\5\.  extraction, 40 days
after extraction.
7, 38. Benzidines\11, 12\....... G, FP-lined cap........ Cool, <=6 [deg]C\18\, 7 days until
0.008% Na2S203\5\.  extraction.\13\
14, 17, 48, 50-52. Phthalate G, FP-lined cap........ Cool, <=6 [deg]C \18\.. 7 days until
esters\11\. extraction, 40 days
after extraction.
82-84. Nitrosamines\11, 14\..... G, FP-lined cap........ Cool, <=6 [deg]C\18\, 7 days until
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storein dark, 0.008% extraction, 40 days

Na2S203 \5\. after extraction.
88-94. PCBs\11\................. G, FP-lined cap........ Cool, <=6 [deg]C \18\.. 1 year until
extraction, 1 year
after extraction.
54, 55, 75, 79. Nitroaromatics G, FP-lined cap........ Cool, <=6 [deg]C \18\, 7 days until
and isophorone \11\. storein dark, 0.008% extraction, 40 days
Na2S203 \5\. after extraction.
1,2,5,812,32,33,58,59, G,FP-lined cap........ Cool, <=6 [deg]C\18\, 7 days until
74,78, 99, 101. Polynuclear storein dark, 0.008% extraction, 40 days
aromatic hydrocarbons\11\. Na2S203 \5\. after extraction.
15, 16, 21, 31, 87. Haloethers G, FP-lined cap........ Cool, <=6 [deg]C\18\, 7 days until
\11\. 0.008% Na2S203\5\.  extraction, 40 days
after extraction.
29, 35-37, 63-65, 107. G, FP-lined cap........ Cool, <=6 [deg]C \18\.. 7 days until
Chlorinated hydrocarbons \11\. extraction, 40 days

after extraction.
60-62, 66-72, 85, 86, 95-97, 102,
103. CDDS/CDFs\11\.

Aqueous Samples: FieldandLab  G......cccovevenenee Cool, <=6 [deg]C\18\, 1year.
Preservation. 0.008% Na2S203 \5\,

pH<9.
Solids and Mixed-Phase Samples.  G.......ccoovveunee Cool, <=6 [deg]C \18\.. 7 days.
Field Preservation.
Tissue Samples: Field {C T Cool, <=6 [deg]C\18\.. 24 hours.
Preservation.
Solids, Mixed-Phase, and Tissue  G.....cccoeeevveeenne Freeze, <=-10 [deg]C... 1year.

Samples: Lab Preservation.
Table ID--Pesticides Tests:

1-70. Pesticides \11\............ G, FP-lined cap........ Cool, <=6 [deg]C\18\, 7 days until
pH 5-9\15\. extraction, 40 days
after extraction.
Table |E--Radiological Tests:
1-5. Alpha, beta, and radium..... P, FP G............. HNO3to pH<2........... 6 months.
Table IH--Bacterial Tests:
LE COlivovnirineiannne PA,G....cccovene Cool, <10 [deg]C, 6 hours.\22\
0.0008% Na2S203 \5\.
2. Enterococgi.........c......... PA, G Cool, <10 [deg]C, 6 hours.\22\
0.0008% Na2S203 \5\.
Table IH--Protozoan Tests:
8. Cryptosporidium............... LDPE; field filtration. 0-8 [deg]C............. 96 hours.\21\
[[Page 58]]
9. Giardia......oeeereenene. LDPE; field filtration. 0-8 [deg]C............. 96 hours\21\

\1\ ""P" is polyethylene; “"FP" is fluoropolymer (polytetrafluoroethylene (PTFE; Teflon[supreg]), or other
fluoropolymer, unless stated otherwise in this Table I1; “"G" isglass; “"PA" isany plastic that is made of
a sterlizable material (polypropylene or other autoclavable plastic); "LDPE" islow density polyethylene.

\2\ Except where noted in this Table |1 and the method for the parameter, preserve each grab sample within 15
minutes of collection. For a composite sample collected with an automated sampler (e.g., using a 24-hour
composite sampler; see 40 CFR 122.21(g)(7)(i) or 40 CFR Part 403, Appendix E), refrigerate the sample at <=6
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[deg] C during collection unless specified otherwise in this Table |1 or in the method(s). For a composite
sample to be split into separate aliquots for preservation and/or analysis, maintain the sample at <=6 [deg]C,
unless specified otherwise in this Table Il or in the method(s), until collection, splitting, and preservation
iscompleted. Add the preservative to the sample container prior to sample collection when the preservative
will not compromise the integrity of a grab sample, a composite sample, or an aliquot split from a composite
sample; otherwise, preserve the grab sample, composite sample, or aliquot split from a composite sample within
15 minutes of collection. If acomposite measurement is required but a composite sample would compromise
sample integrity, individual grab samples must be collected at prescribed time intervals (e.g., 4 samples over
the course of aday, at 6-hour intervals). Grab samples must be analyzed separately and the concentrations
averaged. Alternatively, grab samples may be collected in the field and composited in the laboratory if the
compositing procedure produces results equivalent to results produced by arithmetic averaging of the results
of analysis of individual grab samples. For examples of laboratory compositing procedures, see EPA Method
1664A (oil and grease) and the procedures at 40 CFR 141.34(f)(14)(iv) and (v) (volatile organics).

\3\ When any sampleis to be shipped by common carrier or sent viathe U.S. Postal Service, it must comply with
the Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). The person offering such
material for transportation is responsible for ensuring such compliance. For the preservation requirements of
Tablell, the Office of Hazardous Materials, Materials Transportation Bureau, Department of Transportation has
determined that the Hazardous Materials Regulations do not apply to the following materials: Hydrochloric acid
(HCI) in water solutions at concentrations of 0.04% by weight or less (pH about 1.96 or greater); Nitric acid
(HNO3) in water solutions at concentrations of 0.15% by weight or less (pH about 1.62 or greater); Sulfuric
acid (H2S04) in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or greater); and
Sodium hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or less (pH about 12.30 or
less).

\4\ Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that
samples may be held before the start of analysis and still be considered valid (e.g., samples analyzed for
fecal coliforms may be held up to 6 hours prior to commencing analysis). Samples may be held for longer
periods only if the permittee or monitoring laboratory has data on file to show that, for the specific types
of samples under study, the analytes are stable for the longer time, and has received a variance from the
Regional Administrator under Sec. 136.3(€). For a grab sample, the holding time begins at the time of
collection. For a composite sample collected with an automated sampler (e.g., using a 24-hour composite
sampler; see 40 CFR 122.21(g)(7)(i) or 40 CFR Part 403, Appendix E), the holding time begins at the time of
the end of collection of the composite sample. For aset of grab samples composited in the field or
laboratory, the holding time begins at the time of collection of the last grab sample in the set. Some samples
may not be stable for the maximum time period given in the table. A permittee or monitoring laboratory is
obligated to hold the sample for a shorter timeiif it knows that a shorter time is necessary to maintain
sample stability. See Sec. 136.3(€) for details. The date and time of collection of an individual grab
sample is the date and time at which the sample is collected. For a set of grab samplesto be composited, and
that are all collected on the same calendar date, the date of collection is the date on which the samples are
collected. For a set of grab samples to be composited, and that are collected across two calendar dates, the
date of collection isthe dates of the two days; e.g., November 14-15. For a composite sample collected
automatically on a given date, the date of collection is the date on which the sampleis collected. For a
composite sample collected automatically, and that is collected across two calendar dates, the date of
collection is the dates of the two days; e.g., November 14-15.

\5\ Add areducing agent only if an oxidant (e.g., chlorine) is present. Reducing agents shown to be effective
are sodium thiosulfate (Na2S203), ascorbic acid, sodium arsenite (NaAsO2), or sodium borohydride (NaBH4).
However, some of these agents have been shown to produce a positive or negative cyanide bias, depending on
other substances in the sample and the analytical method used. Therefore, do not add an excess of reducing
agent. Methods recommending ascorbic acid (e.g., EPA Method 335.4) specify adding ascorbic acid crystals, 0.1-
0.6 g, until adrop of sample produces no color on potassium iodide (K1) starch paper, then adding 0.06 g (60
mg) for each liter of sample volume. If NaBH4 or NaAsO2 is used, 25 mg/L NaBH4 or 100 mg/L NaAsO2 will reduce
more than 50 mg/L of chlorine (see method "Kelada-01" and/or Standard Method 4500-CN- for more information).
After adding reducing agent, test the sample using K| paper, atest strip (e.g. for chlorine, SenSafeTM Total
Chlorine Water Check 480010) moistened with acetate buffer solution (see Standard Method 4500-CI.C.3e), or a
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chlorine/oxidant test method (e.g., EPA Method 330.4 or 330.5), to make sure all oxidant is removed. If
oxidant remains, add more reducing agent. Whatever agent is used, it should be tested to assure that cyanide
results are not affected adversely.

\6\ Sampl e collection and preservation: Collect a volume of sample appropriate to the analytical method in a
bottle of the material specified. If the sample can be analyzed within 48 hours and sulfide is not present,
adjust the pH to <Is-thn-eg> 12 with sodium hydroxide solution (e.g., 5% w/v), refrigerate as specified, and
analyze within 48 hours. Otherwise, to extend the holding time to 14 days and mitigate interferences, treat
the sample immediately using any or all of the following techniques, as necessary, followed by adjustment of
the sample pH to <Is-thn-eq> 12 and refrigeration as specified. There may be interferences that are not
mitigated by approved procedures. Any procedure for removal or suppression of an interference may be employed,
provided the laboratory demonstrates that it more accurately measures cyanide. Particulate cyanide (e.g.,
ferric ferrocyanide) or a strong cyanide complex (e.g., cobalt cyanide) are more accurately measured if the
laboratory holds the sample at room temperature and pH <lIs-thn-eg> 12 for a minimum of 4 hours prior to
analysis, and performs UV digestion or dissolution under alkaline (pH=12) conditions, if necessary.

(1) Sulfur: To remove elemental sulfur (S8), filter the sample immediately. If the filtration time will exceed
15 minutes, use alarger filter or amethod that requires a smaller sample volume (e.g., EPA Method 335.4 or
Lachat Method 01). Adjust the pH of thefiltrate to > 12 with NaOH, refrigerate the filter and filtrate, and
ship or transport to the laboratory. In the laboratory, extract the filter with 100 mL of 5% NaOH solution for
aminimum of 2 hours. Filter the extract and discard the solids. Combine the 5% NaOH-extracted filtrate with
the initial filtrate, lower the pH to approximately 12 with concentrated hydrochloric or sulfuric acid, and
analyze the combined filtrate. Because the detection limit for cyanide will beincreased by dilution by the
filtrate from the solids, test the sample with and without the solids procedure if alow detection limit for
cyanide is necessary. Do not use the solids procedure if a higher cyanide concentration is obtained without
it. Alternatively, analyze the filtrates from the sample and the solids separately, add the amounts determined
(in [mu]g or mg), and divide by the original sample volume to obtain the cyanide concentration.

[[Page 59]]

(2) Sulfide: If the sample contains sulfide as determined by |ead acetate paper, or if sulfide is known or

suspected to be present, immediately conduct one of the volatilization treatments or the precipitation

treatment as follows: Volatilization--Headspace expelling. In afume hood or well-ventilated area, transfer

0.75 liter of sampleto a4.4 L collapsible container (e.g., CubitainerTM). Acidify with concentrated

hydrochloric acid to pH < 2. Cap the container and shake vigorously for 30 seconds. Remove the cap and expel

the headspace into the fume hood or open area by collapsing the container without expelling the sample. Refill

the headspace by expanding the container. Repeat expelling atotal of five headspace volumes. Adjust the pH to

> 12, refrigerate, and ship or transport to the laboratory. Scaling to a smaller or larger sample volume must

maintain the air to sample volume ratio. A larger volume of air will result in too great aloss of cyanide (>

10%). Dynamic stripping: In afume hood or well-ventilated area, transfer 0.75 liter of sample to a container

of the material specified and acidify with concentrated hydrochloric acid to pH < 2. Using acalibrated air

sampling pump or flowmeter, purge the acidified sample into the fume hood or open area through afritted glass

aerator at aflow rate of 2.25 L/min for 4 minutes. Adjust the pH to > 12, refrigerate, and ship or transport

to the laboratory. Scaling to asmaller or larger sample volume must maintain the air to sample volume ratio.

A larger volume of air will result in too great aloss of cyanide (> 10%). Precipitation: If the sample

contains particulate matter that would be removed by filtration, filter the sample prior to treatment to

assure that cyanide associated with the particulate matter isincluded in the measurement. Ship or transport

the filter to the laboratory. In the laboratory, extract the filter with 100 mL of 5% NaOH solution for a

minimum of 2 hours. Filter the extract and discard the solids. Combine the 5% NaOH-extracted filtrate with the

initial filtrate, lower the pH to approximately 12 with concentrated hydrochloric or sulfuric acid, and

analyze the combined filtrate. Because the detection limit for cyanide will be increased by dilution by the

filtrate from the solids, test the sample with and without the solids procedure if alow detection limit for

cyanideis necessary. Do not use the solids procedure if a higher cyanide concentration is obtained without

it. Alternatively, analyze the filtrates from the sample and the solids separately, add the amounts determined
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(in [mu]g or mg), and divide by the original sample volume to obtain the cyanide concentration. For removal of
sulfide by precipitation, raise the pH of the sample to > 12 with NaOH solution, then add approximately 1 mg

of powdered cadmium chloride for each mL of sample. For example, add approximately 500 mg to a 500-mL sample.
Cap and shake the container to mix. Allow the precipitate to settle and test the sample with lead acetate

paper. If necessary, add cadmium chloride but avoid adding an excess. Finaly, filter through 0.45 micron

filter. Cool the sample as specified and ship or transport the filtrate and filter to the laboratory. In the

laboratory, extract the filter with 100 mL of 5% NaOH solution for a minimum of 2 hours. Filter the extract

and discard the solids. Combine the 5% NaOH-extracted filtrate with the initial filtrate, lower the pH to
approximately 12 with concentrated hydrochloric or sulfuric acid, and analyze the combined filtrate. Because
the detection limit for cyanide will be increased by dilution by the filtrate from the solids, test the sample

with and without the solids procedure if alow detection limit for cyanide is necessary. Do not use the solids
procedure if a higher cyanide concentration is obtained without it. Alternatively, analyze the filtrates from

the sample and the solids separately, add the amounts determined (in [mu]g or mg), and divide by the origina
sample volume to obtain the cyanide concentration. If aligand-exchange method is used (e.g., ASTM D6888), it
may be necessary to increase the ligand-exchange reagent to offset any excess of cadmium chloride.

(3) Sulfite, thiosulfate, or thiocyanate: If sulfite, thiosulfate, or thiocyanate is known or suspected to be
present, use UV digestion with a glass coil (Method Kelada-01) or ligand exchange (Method OIA-1677) to
preclude cyanide loss or positive interference.

(4) Aldehyde: If formaldehyde, acetaldehyde, or another water-soluble aldehyde is known or suspected to be
present, treat the sample with 20 mL of 3.5% ethylenediamine solution per liter of sample.

(5) Carbonate: Carbonate interference is evidenced by noticeabl e effervescence upon acidification in the
distillation flask, areduction in the pH of the absorber solution, and incomplete cyanide spike recovery.

When significant carbonate is present, adjust the pH to <ls-thn-eq>=12 using calcium hydroxide instead of
sodium hydroxide. Allow the precipitate to settle and decant or filter the sample prior to analysis (also see
Standard Method 4500-CN.B.3.d).

(6) Chlorine, hypochlorite, or other oxidant: Treat a sample known or suspected to contain chlorine,
hypochlorite, or other oxidant as directed in footnote 5.

\7\ For dissolved metals, filter grab samples within 15 minutes of collection and before adding preservatives.
For a composite sample collected with an automated sampler (e.g., using a 24-hour composite sampler; see 40
CFR 122.21(g)(7)(i) or 40 CFR Part 403, Appendix E), filter the sample within 15 minutes after completion of
collection and before adding preservatives. If it is known or suspected that dissolved sample integrity will
be compromised during collection of a composite sample collected automatically over time (e.g., by interchange
of ametal between dissolved and suspended forms), collect and filter grab samples to be composited (footnote
2) in place of a composite sample collected automatically.

\8\ Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds.

\9\ If the sampleis not adjusted to pH 2, then the sample must be analyzed within seven days of sampling.

\10\ The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH
adjustment must be analyzed within 3 days of sampling.

\11\ When the extractable analytes of concern fall within asingle chemical category, the specified preservative
and maximum holding times should be observed for optimum safeguard of sample integrity (i.e., use al
necessary preservatives and hold for the shortest time listed). When the analytes of concern fall within two
or more chemical categories, the sample may be preserved by cooling to <=6 [deg]C, reducing residual chlorine
with 0.008% sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved in this
manner may be held for seven days before extraction and for forty days after extraction. Exceptionsto this
optional preservation and holding time procedure are noted in footnote 5 (regarding the requirement for
thiosulfate reduction), and footnotes 12, 13 (regarding the analysis of benzidine).

\12\ If 1,2-diphenylhydrazineis likely to be present, adjust the pH of the sample to 4.0 <plus-minus<|s-thn-eg>
0.2 to prevent rearrangement to benzidine.

\13\ Extracts may be stored up to 30 days at < O [deg]C.

\14\ For the analysis of diphenylnitrosamine, add 0.008% Na2S203 and adjust pH to 7-10 with NaOH within 24 hours
of sampling.

\15\ The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are
extracted within 72 hours of collection. For the analysis of aldrin, add 0.008% Na2S203.
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\16\ Sufficient ice should be placed with the samplesin the shipping container to ensure that iceis till
present when the samples arrive at the laboratory. However, even if iceis present when the samples arrive, it
is necessary to immediately measure the temperature of the samples and confirm that the preservation
temperature maximum has not been exceeded. In the isolated cases where it can be documented that this holding
temperature cannot be met, the permittee can be given the option of on-site testing or can request a variance.
The request for a variance should include supportive data which show that the toxicity of the effluent samples
is not reduced because of the increased holding temperature.

\17\ Samples collected for the determination of trace level mercury (<100 ng/L) using EPA Method 1631 must be
collected in tightly-capped fluoropolymer or glass bottles and preserved with BrCl or HCI solution within 48
hours of sample collection. The time to preservation may be extended to 28 daysif a sampleisoxidized in the
sample bottle. A sample collected for dissolved trace level mercury should be filtered in the |aboratory
within 24 hours of the time of collection. However, if circumstances preclude overnight shipment, the sample
should befiltered in a designated clean areain the field in accordance with procedures given in Method 1669.

If sample integrity will not be maintained by shipment to and filtration in the laboratory, the sample must be
filtered in adesignated clean areain the field within the time period necessary to maintain sample

integrity. A sample that has been collected for determination of total or dissolved trace level mercury must
be analyzed within 90 days of sample collection.

\18\ Aqueous samples must be preserved at <=6 [deg]C, and should not be frozen unless data demonstrating that
sample freezing does not adversely impact sample integrity is maintained on file and accepted as valid by the
regulatory authority. Also, for purposes of NPDES monitoring, the specification of ““<=[deg]C" isused in
place of the "4 [deg]C" and “"< 4 [deg] C" sample temperature requirements listed in some methods. It is not
necessary to measure the sample temperature to three significant figures (\1/100\th of 1 degree); rather,
three significant figures are specified so that rounding down to 6 [deg] C may not be used to meet the <=6
[deg] C requirement. The preservation temperature does not apply to samples that are analyzed immediately (less
than 15 minutes).

[[Page 60]]

\19\ An aqueous sample may be collected and shipped without acid preservation. However, acid must be added at
least 24 hours before analysis to dissolve any metals that adsorb to the container walls. If the sample must
be analyzed within 24 hours of collection, add the acid immediately (see footnote 2). Soil and sediment
samples do not need to be preserved with acid. The allowances in this footnote supersede the preservation and
holding time requirements in the approved metals methods.

\20\ To achieve the 28-day holding time, use the ammonium sulfate buffer solution specified in EPA Method 218.6.
The alowance in this footnote supersedes preservation and holding time requirements in the approved
hexavalent chromium methods, unless this supersession would compromise the measurement, in which case
reguirements in the method must be followed.

\21\ Holding time is calculated from time of sample collection to elution for samples shipped to the laboratory
in bulk and calculated from the time of sample filtration to elution for samplesfiltered in the field.

\22\ Samples analysis should begin immediately, preferably within 2 hours of collection. The maximum transport
time to the laboratory is 6 hours, and samples should be processed within 2 hours of receipt at the
laboratory.

\23\ For fecal coliform samples for sewage sludge (biosolids) only, the holding time is extended to 24 hours for
the following sample types using either EPA Method 1680 (LTB-EC) or 1681 (A-1): Class A composted, Class B
aerobically digested, and Class B anaerobically digested.

[38 FR 28758, Oct. 16, 1973]

Editorial Note: For Federal Register citations affecting Sec.
136.3, seethe List of CFR Sections Affected, which appearsin the
Finding Aids section of the printed volume and on GPO Access.
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Sec. 136.4 Application for alternate test procedures.

(a) Any person may apply to the Regional Administrator in the Region
where the discharge occurs for approval of an alternative test
procedure.

(b) When the discharge for which an alternative test procedure is
proposed occurs within a State having a permit program approved pursuant
to section 402 of the Act, the applicant shall submit his application to
the Regiona Administrator through the Director of the State agency
having responsibility for issuance of NPDES permits within such State.

(c) Unless and until printed application forms are made available,
an application for an alternate test procedure may be made by letter in
triplicate. Any application for an aternate test procedure under this
paragraph (c) shall:

(2) Provide the name and address of the responsible person or firm
making the discharge (if not the applicant) and the applicable ID number
of the existing or pending permit, issuing agency, and type of permit
for which the alternate test procedure is requested, and the discharge
serial number.

(2) Identify the pollutant or parameter for which approval of an
alternate testing procedure is being requested.

(3) Provide justification for using testing procedures other than
those specified in Tablell.

(4) Provide a detailed description of the proposed alternate test
procedure, together with references to published studies of the
applicability of the alternate test procedure to the effluentsin
question.

(d) An application for approval of an alternate test procedure for
nationwide use may be made by letter in triplicate to the Alternate Test
Procedure Program Coordinator, Office of Science and Technology (4303),
Office of Water, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW., Washington, DC 20460. Any application for an alternate test
procedure under this paragraph (d) shall:

(2) Provide the name and address of the responsible person or firm
making the application.

(2) Identify the pollutant(s) or parameter(s) for which nationwide
approva of an alternate testing procedure is being requested.

(3) Provide a detailed description of the proposed alternate
procedure, together with references to published or other studies
confirming the general applicability of the alternate test procedure to
the pollutant(s) or parameter(s) in waste water discharges from
representative and specified industrial or other categories.

(4) Provide comparability datafor the performance of the proposed
alternate test procedure compared to the performance of the approved
test procedures.

[38 FR 28760, Oct. 16, 1973, as amended at 41 FR 52785, Dec. 1, 1976; 62
FR 30763, June 5, 1997; 72 FR 11239, Mar. 12, 2007]

Sec. 136.5 Approval of alternate test procedures.
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(a) The Regional Administrator of the region in which the discharge
will
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occur has final responsibility for approval of any aternate test
procedure proposed by the responsible person or firm making the
discharge.

(b) Within thirty days of receipt of an application, the Director
will forward such application proposed by the responsible person or firm
making the discharge, together with his recommendations, to the Regional
Administrator. Where the Director recommends rejection of the
application for scientific and technical reasons which he provides, the
Regional Administrator shall deny the application and shall forward this
decision to the Director of the State Permit Program and to the
Alternate Test Procedure Program Coordinator, Office of Science and
Technology (4303), Office of Water, U.S. Environmental Protection
Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460.

(c) Before approving any application for an aternate test procedure
proposed by the responsible person or firm making the discharge, the
Regional Administrator shall forward a copy of the application to the
Alternate Test Procedure Program Coordinator, Office of Science and
Technology (4303), Office of Water, U.S. Environmental Protection
Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460.

(d) Within ninety days of receipt by the Regional Administrator of
an application for an alternate test procedure, proposed by the
responsible person or firm making the discharge, the Regional
Administrator shall notify the applicant and the appropriate State
agency of approval or rejection, or shall specify the additional
information which is required to determine whether to approve the
proposed test procedure. Prior to the expiration of such ninety day
period, arecommendation providing the scientific and other technical
basis for acceptance or rejection will be forwarded to the Regional
Administrator by the Alternate Test Procedure Program Coordinator,
Washington, DC. A copy of al approval and rejection notifications will
be forwarded to the Alternate Test Procedure Program Coordinator, Office
of Science and Technology (4303), Office of Water, U.S. Environmental
Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460,
for the purposes of national coordination.

(e) Approva for nationwide use. (1) As expeditiously asis
practicable after receipt by the Alternate Test Procedure Program
Coordinator, Washington, DC, of an application for an aternate test
procedure for nationwide use, the Alternate Test Procedure Program
Coordinator, Washington, DC, shall notify the applicant in writing
whether the application is complete. If the application isincomplete,
the applicant shall be informed of the information necessary to make the
application complete.

(2) As expeditioudly asis practicable after receipt of a complete
package, the Alternate Test Procedure Program Coordinator shall perform
any analysis necessary to determine whether the alternate test procedure
satisfies the applicable requirements of this part, and the Alternate
Test Procedure Program Coordinator shall recommend to the Administrator
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that he/she approve or reject the application and shall also notify the
application of the recommendation.

(3) As expeditiously as practicable, an alternate method determined
by the Administrator to satisfy the applicable requirements of this part
shall be proposed by EPA for incorporation in subsection 136.3 of 40 CFR
part 136. EPA shall make available for review all the factual bases for
its proposal, including any performance data submitted by the applicant
and any available EPA analysis of those data.

(4) Following a period of public comment, EPA shall, as
expeditiously as practicable, publish in the Federal Register afinal
decision to approve or reject the alternate method.

[38 FR 28760, Oct. 16, 1973, as amended at 41 FR 52785, Dec. 1, 1976; 55
FR 33440, Aug. 15, 1990; 62 FR 30763, June 5, 1997; 72 FR 11239, Mar.
12, 2007]

Sec. 136.6 Method modifications and analytical requirements.

(a) Definitions of terms used in this section.

(1) Analyst means the person or laboratory using atest procedure
(analytical method) in this Part.

(2) Chemistry of the method means the reagents and reactions used in
atest
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procedure that allow determination of the analyte(s) of interest in an
environmental sample.

(3) Determinative technique means the way in which an analyte is
identified and quantified (e.g., colorimetry, mass spectrometry).

(4) Equivalent Performance means that the modified method produces
results that meet the QC acceptance criteria of the approved method at
this part.

(5) Method-defined analyte means an analyte defined solely by the
method used to determine the analyte. Such an analyte may be a physical
parameter, a parameter that is not a specific chemical, or a parameter
that may be comprised of a number of substances. Examples of such
analytes include temperature, oil and grease, total suspended solids,
total phenalics, turbidity, chemical oxygen demand, and biochemical
oxygen demand.

(6) QC means ““quality control."

(b) Method modifications.

(1) Allowable changes. Except as set forth in paragraph (b)(3) of
this section, an analyst may modify an approved test procedure
(analytical method) provided that the chemistry of the method or the
determinative technique is not changed, and provided that the
requirements of paragraph (b)(2) of this section are met.

(i) Potentially acceptable modifications regardless of current
method performance include changes between automated and manual discrete
instrumentation; changes in the calibration range (provided that the
modified range covers any relevant regulatory limit); changesin
equipment such as using similar equipment from a vendor other than that
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mentioned in the method (e.g., a purge-and-trap device from OIA rather
than Tekmar), changes in equipment operating parameters such as changing
the monitoring wavelength of a colorimeter or modifying the temperature
program for a specific GC column; changes to chromatographic columns
(treated in greater detail in paragraph (d) of this section); and

increases in purge-and-trap sample volumes (provided specificationsin
paragraph (€) of this section are met). The changes are only allowed
provided that al the requirements of paragraph (b)(2) of this section

are met.

(ii) If the characteristics of awastewater matrix prevent efficient
recovery of organic pollutants and prevent the method from meeting QC
requirements, the analyst may attempt to resolve the issue by using
salts as specified in Guidance on Evaluation, Resolution, and
Documentation of Analytical Problems Associated with Compliance
Monitoring (EPA 821-B-93-001, June 1993), provided that such salts do
not react with or introduce the target pollutant into the sample (as
evidenced by the analysis of method blanks, laboratory control samples,
and spiked samples that also contain such salts) and that all
requirements of paragraph (b)(2) of this section are met. Chlorinated
samples must be dechlorinated prior to the addition of such salts.

(i) If the characteristics of a wastewater matrix result in poor
sample dispersion or reagent deposition on equipment and prevents the
analyst from meeting QC requirements, the analysts may attempt to
resolve the issue by adding an inert surfactant (i.e. a surfactant that
will not affect the chemistry of the method), which may include Brij-35
or sodium dodecyl sulfate (SDS), provided that such surfactant does not
react with or introduce the target pollutant into the sample (as
evidenced by the analysis of method blanks, laboratory control samples,
and spiked samples that also contain such surfactant) and that all
requirements of paragraph (b)(2) of this section are met. Chlorinated
samples must be dechlorinated prior to the addition of such surfactant.

(2) Requirements. A modified method must produce equivalent
performance to the approved methods for the analyte(s) of interest, and
the equivalent performance must be documented.

(i) Requirements for establishing equivalent performance

(A) If the approved method contains QC tests and QC acceptance
criteria, the modified method must use these QC tests and the modified
method must meet the QC acceptance criteria. The Analyst may only rely
on QC tests and QC acceptance criteriain amethod if it includes
wastewater matrix QC tests
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and QC acceptance criteria (e.g., as matrix spikes) and both initial
(start-up) and ongoing QC tests and QC acceptance criteria.
(B) If the approved method does not contain QC tests and QC

acceptance criteria, or if the QC tests and QC acceptance criteriain

the method do not meet the requirements of paragraph (b)(2)(i)(A) of

this section, the analyst must employ QC tests specified in Protocol for

EPA Approval of Alternate Test Procedures for Organic and Inorganic

Analytesin Wastewater and Drinking Water (EPA-821-B-98-002, March 1999)

and meet the QC provisions specified therein. In addition, the Analyst

must perform on-going QC tests, including assessment of performance of
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the modified method on the sample matrix (e.g., analysis of a matrix
spike/matrix spike duplicate pair for every twenty samples of a
discharge analyzed), and analysis of an ongoing precision and recovery
sample and a blank with each batch of 20 or fewer samples.

(C) Cadlibration must be performed using the modified method and the
modified method must be tested with every wastewater matrix to which it
will be applied (up to nine distinct matrices; as described in the ATP
Protocol, after validation in nine distinct matrices, the method may be
applied to all wastewater matrices), in addition to any and all reagent
water tests. If the performance in the wastewater matrix or reagent
water does not meet the QC acceptance criteria the method modification
may not be used.

(D) Analysts must test representative effluents with the modified
method, and demonstrate that the results are equivalent or superior to
results with the unmodified method.

(i) Requirements for documentation. The modified method must be
documented in a method write-up or an addendum that describes the
modification(s) to the approved method. The write-up or addendum must
include a reference number (e.g., method number), revision number, and
revision date so that it may be referenced accurately. In addition, the
organization that uses the modified method must document the results of
QC tests and keep these records, along with a copy of the method write-
up or addendum, for review by an auditor.

(3) Restrictions. An analyst may not modify an approved analytical
method for a method-defined analyte. In addition, an analyst may not
modify an approved method if the modification would result in
measurement of a different form or species of an analyte (e.g., achange
to ametals digestion or total cyanide distillation). An analyst may
also may not modify any sample preservation and/or holding time
requirements of an approved method.

(c) Analytical requirements for multi-analyte methods (Target
Analytes). For the purpose of NPDES reporting, the discharger or
permittee must meet QC requirements only for the analyte(s) being
measured and reported under the NPDES permit.

(d) The following modifications to approved methods are authorized
in the circumstances described below:

(1) Capillary column. Use of a capillary (open tubular) GC column
rather than a packed column is allowed with EPA Methods 601-613, 624,
625, and 1624B in Appendix A to this part, provided that all QC tests
for the approved method are performed and all QC acceptance criteriaare
met. When changing from a packed column to a capillary column, retention
timeswill change. Analysts are not required to meet retention time
specified in the approved method when this change is made. Instead,
analysts must generate new retention time tables with capillary columns
to be kept on file along with other startup test and ongoing QC data,
for review by auditors.

(2) Increased sample volume in purge and trap methodology. Use of
increased sample volumes, up to a maximum of 25 mL, isalowed for an
approved method, provided that the height of the water column in the
purge vessel isat least 5 cm. The analyst should also use one or more
surrogate analytes that are chemically similar to the analytes of
interest in order to demonstrate that the increased sample volume does
not adversely affect the analytical results.
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[72 FR 11239, Mar. 12, 2007]
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Appendix A to Part 136--Methods for Organic Chemical Analysis of
Municipal and Industrial Wastewater

Method 601--Purgeable Halocarbons
1. Scope and Application
1.1 This method covers the determination of 29 purgeable

hal ocarbons.
The following parameters may be determined by this method:

STORET

Parameter No. CAS No.
Bromodichloromethane............ccc.ccue...... 32101 75-27-4
Bromoform........cccceeeeeeevecceccveecnene, 32104 75-25-2
Bromomethane...........cccceevvveveevenennn. 34413 74-83-9
Carbon tetrachloride..........cccovveaneee.. 32102 56-23-5
Chlorobenzene..........coceeeveveceeennn. 34301 108-90-7
Chloroethane...........coccovevveiveivenneenen. 34311 75-00-3
2-Chloroethylvinyl ether....................... 34576 100-75-8
Chloroform.......cccceeeeeceeeeeceeennen, 32106 67-66-3
Chloromethane..........cocoeveeveeveeinennne 34418 74-87-3
Dibromochloromethane..............ccccucu..... 32105 124-48-1
1,2-Dichlorobenzene..........cccccceueeeunee. 34536 95-50-1
1,3-Dichlorobenzene.........cccccoveeeennne. 34566 541-73-1
1,4-Dichlorobenzeng.........cceeevvviveennns 34571 106-46-7
Dichlorodifluoromethane............c.cco...... 34668 75-71-8
1,1-Dichloroethane...........cccceeeuveennee. 34496 75-34-3
1,2-Dichloroethane...........cccccevveveeneen. 34531 107-06-2
1,1-Dichloroethane.........c..cccveuvennenee. 34501 75-35-4
trans-1,2-Dichloroethene....................... 34546 156-60-5
1,2-Dichloropropane..........ccccoveeereneee. 34541 78-87-5
cis-1,3-Dichloropropene..........ccoceeveunee. 34704  10061-01-5
trans-1,3-Dichloropropene............cccc...... 34699  10061-02-6
Methylene chloride.........cccccoeirennnee. 34423 75-09-2
1,1,2,2-Tetrachloroethane...................... 34516 79-34-5
Tetrachloroethene..........cccceveeveereneene. 34475 127-18-4
1,1,1-Trichloroethane...........c..ccoeeunene. 34506 71-55-6
1,1,2-Trichloroethane...........c..ccoeun..e. 34511 79-00-5
Tetrachloroethene.........ccccoeeeveevenee. 39180 79-01-6
Trichlorofluoromethane..............c.c........ 34488 75-69-4
Vinyl chloride.........ccoccoeiiineenenn 39715 75-01-4

1.2 Thisisapurge and trap gas chromatographic (GC) method
applicable to the determination of the compounds listed above in
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municipa and industrial discharges as provided under 40 CFR 136.1. When
this method is used to analyze unfamiliar samples for any or all of the
compounds above, compound identifications should be supported by at

least one additional qualitative technique. This method describes

analytical conditions for a second gas chromatographic column that can

be used to confirm measurements made with the primary column. Method 624
provides gas chromatograph/mass spectrometer (GC/MS) conditions
appropriate for the qualitative and quantitative confirmation of results

for most of the parameters listed above.

1.3 The method detection limit (MDL, defined in Section 12.1) \1\
for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix.

1.4 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of aternate test procedures under 40 CFR 136.4
and 136.5.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the operation of a purge and trap system and a
gas chromatograph and in the interpretation of gas chromatograms. Each
analyst must demonstrate the ability to generate acceptable results with
this method using the procedure described in Section 8.2.

2. Summary of Method

2.1 Aninert gasis bubbled through a 5-mL water sample contained in
a specially-designed purging chamber at ambient temperature. The
halocarbons are efficiently transferred from the agueous phase to the
vapor phase. The vapor is swept through a sorbent trap where the
hal ocarbons are trapped. After purging is completed, the trap is heated
and backflushed with the inert gas to desorb the halocarbons onto a gas
chromatographic column. The gas chromatograph is temperature programmed
to separate the halocarbons which are then detected with a halide-
specific detector. \2,3\

2.2 The method provides an optional gas chromatographic column that
may be helpful in resolving the compounds of interest from interferences
that may occur.

3. Interferences

3.1 Impuritiesin the purge gas and organic compounds outgassing
from the plumbing ahead of the trap account for the majority of
contamination problems. The analytical system must be demonstrated to be
free from contamination under the conditions of the analysis by running
laboratory reagent blanks as described in Section 8.1.3. The use of non-
Teflon plastic tubing, non-Teflon thread sealants, or flow controllers
with rubber components in the purge and trap system should be avoided.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly fluorocarbons and methylene chloride) through the septum
sedl ilto the sample during shipment and storage. A field reagent blank
prepared from reagent water and carried through the sampling and
handling protocol can serve as a check on such contamination.

3.3 Contamination by carry-over can occur whenever high level and
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low level samples are sequentially analyzed. To reduce carry-over, the
purging device and sample syringe must be rinsed with reagent water
between sample analyses. Whenever an unusually concentrated sampleis
encountered, it should be followed by an analysis of reagent water to
check for cross contamination. For samples containing large amounts of
water-soluble materials, suspended solids,
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high boiling compounds or high organohalide levels, it may be necessary
to wash out the purging device with a detergent solution, rinse it with
distilled water, and then dry it in a 105[deg] C oven between analyses.
The trap and other parts of the system are also subject to

contamination; therefore, frequent bakeout and purging of the entire
system may be required.

4. Safety

4.1 The toxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemical compound
should be treated as a potential health hazard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of materia data handling sheets should a so be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified \4,6\ for
the information of the analyst.

4.2 The following parameters covered by this method have been
tentatively classified as known or suspected, human or mammalian
carcinogens: carbon tetrachloride, chloroform, 1,4-dichlorobenzene, and
vinyl chloride. Primary standards of these toxic compounds should be
prepared in ahood. A NIOSH/MESA approved toxic gas respirator should be
worn when the analyst handles high concentrations of these toxic
compounds.

5. Apparatus and Materials

5.1 Sampling equipment, for discrete sampling.

5.1.1 Via--25-mL capacity or larger, equipped with a screw cap with
aholein the center (Pierce <greek-i>13075 or equivalent). Detergent
wash, rinse with tap and distilled water, and dry at 105 [deg]C before
use.

5.1.2 Septum--Teflon-faced silicone (Pierce <greek-i>12722 or
equivalent). Detergent wash, rinse with tap and distilled water, and dry
at 105 [deg]C for 1 h before use.

5.2 Purge and trap system--The purge and trap system consists of
three separate pieces of equipment: a purging device, trap, and
desorber. Several complete systems are now commercialy available.

5.2.1 The purging device must be designed to accept 5-mL samples
with awater column at least 3 cm deep. The gaseous head space between
the water column and the trap must have a total volume of less than 15
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mL. The purge gas must pass through the water column as finely divided
bubbles with a diameter of less than 3 mm at the origin. The purge gas
must be introduced no more than 5 mm from the base of the water column.
The purging deviceillustrated in Figure 1 meets these design criteria.

5.2.2 The trap must be at least 25 cm long and have an inside
diameter of at least 0.105 in. The trap must be packed to contain the
following minimum lengths of adsorbents: 1.0 cm of methyl silicone
coated packing (Section 6.3.3), 7.7 cm of 2,6-diphenylene oxide polymer
(Section 6.3.2), 7.7 cm of silicagel (Section 6.3.4), 7.7 cm of coconut
charcoal (Section 6.3.1). If it is not necessary to analyze for
dichlorodifluoromethane, the charcoal can be eliminated, and the polymer
section lengthened to 15 cm. The minimum specifications for the trap are
illustrated in Figure 2.

5.2.3 The desorber must be capable of rapidly heating the trap to
180 [deg] C. The polymer section of the trap should not be heated higher
than 180 [deg] C and the remaining sections should not exceed 200 [deg] C.
The desorber illustrated in Figure 2 meets these design criteria.

5.2.4 The purge and trap system may be assembled as a separate unit
or be coupled to a gas chromatograph asillustrated in Figures 3 and 4.

5.3 Gas chromatograph--An analytical system complete with a
temperature programmabl e gas chromatograph suitable for on-column
injection and all required accessories including syringes, analytical
columns, gases, detector, and strip-chart recorder. A data systemis
recommended for measuring peak areas.

5.3.1 Column 1--8 ft long x 0.1 in. ID stainless steel or glass,
packed with 1% SP-1000 on Carbopack B (60/80 mesh) or equivalent. This
column was used to devel op the method performance statementsin Section
12. Guidelines for the use of alternate column packings are provided in
Section 10.1.

5.3.2 Column 2--6 ft long x 0.1 in. ID stainless steel or glass,
packed with chemically bonded n-octane on Porasil-C (100/120 mesh) or
equivalent.

5.3.3 Detector--Electrolytic conductivity or microcoulometric
detector. These types of detectors have proven effectivein the analysis
of wastewaters for the parameters listed in the scope (Section 1.1). The
electrolytic conductivity detector was used to develop the method
performance statements in Section 12. Guidelines for the use of
alternate detectors are provided in Section 10.1.

5.4 Syringes--5-mL glass hypodermic with Luerlok tip (two each), if
applicable to the purging device.

5.5 Micro syringes--25-[micro]L, 0.006 in. ID needle.

5.6 Syringe valve--2-way, with Luer ends (three each).

5.7 Syringe--5-mL, gas-tight with shut-off valve.

5.8 Bottle--15-mL., screw-cap, with Teflon cap liner.
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5.9 Balance--Analytical, capable of accurately weighing 0.0001 g.
6. Reagents
6.1 Reagent water--Reagent water is defined as awater in which an

interferent is not observed at the MDL of the parameters of interest.
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6.1.1 Reagent water can be generated by passing tap water through a
carbon filter bed containing about 1 Ib of activated carbon (Filtrasorb-
300, Calgon Corp., or equivalent).

6.1.2 A water purification system (Millipore Super-Q or equivalent)
may be used to generate reagent water.

6.1.3 Reagent water may also be prepared by boiling water for 15
min. Subsequently, while maintaining the temperature at 90 [deg] C,
bubble a contaminant-free inert gas through the water for 1 h. While
still hot, transfer the water to a narrow mouth screw-cap bottle and
seal with a Teflon-lined septum and cap.

6.2 Sodium thiosulfate--(ACS) Granular.

6.3 Trap Materials:

6.3.1 Coconut charcoal--6/10 mesh sieved to 26 mesh, Barnabey
Cheney, CA-580-26 lot <greek-i> M-2649 or equivalent.

6.3.2 2,6-Diphenylene oxide polymer--Tenax, (60/80 mesh),
chromatographic grade or equivalent.

6.3.3 Methy! silicone packing--3% OV-1 on Chromosorb-W (60/80 mesh)
or equivalent.

6.3.4 Silica gel--35/60 mesh, Davison, grade-15 or equivalent.

6.4 Methanol--Pesticide quality or equivalent.

6.5 Stock standard solutions--Stock standard solutions may be
prepared from pure standard materials or purchased as certified
solutions. Prepare stock standard solutions in methanol using assayed
liquids or gases as appropriate. Because of the toxicity of some of the
organohalides, primary dilutions of these materials should be prepared
inahood. A NIOSH/MESA approved toxic gas respirator should be used
when the analyst handles high concentrations of such materials.

6.5.1 Place about 9.8 mL of methanol into a 10-mL ground glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 min or until al alcohol wetted surfaces have dried. Weigh the
flask to the learest 0.1 mg.

6.5.2 Add the assayed reference material :

6.5.2.1 Liquid--Using a 100 [micro]L syringe, immediately add two or
more drops of assayed reference material to the flask, then reweigh. Be
sure that the drops fall directly into the alcohol without contacting
the neck of the flask.

6.5.2.2 Gases--To prepare standards for any of the six halocarbons
that boil below 30 [deg] C (bromomethane, chloroethane, chloromethane,
dichlorodifluoromethane, trichlorofluoromethane, vinyl chloride), fill a
5-mL valved gas-tight syringe with the reference standard to the 5.0-mL
mark. Lower the needle to 5 mm above the methanol meniscus. Slowly
introduce the reference standard above the surface of the liquid (the
heavy gas will rapidly dissolve into the methanol).

6.5.3 Reweigh, dilute to volume, stopper, then mix by inverting the
flask several times. Calculate the concentration in [micro]g/[micro]L
from the net gain in weight. When compound purity is assayed to be 96%
or greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are certified by the
malufacturer or by an independent source.

6.5.4 Transfer the stock standard solution into a Teflon-sealed
screw-cap bottle. Store, with minimal headspace, at -10 to -20 [deg]C
and protect from light.
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6.5.5 Prepare fresh standards weekly for the six gases and 2-
chloroethylvinyl ether. All other standards must be replaced after one
month, or sooner if comparison with check standards indicates a problem.

6.6 Secondary dilution standards--Using stock standard solutions,
prepare secondary dilution standards in methanol that contain the
compounds of interest, either singly or mixed together. The secondary
dilution standards should be prepared at concentrations such that the
aqueous calibration standards prepared in Section 7.3.1 or 7.4.1 will
bracket the working range of the analytical system. Secondary dilution
standards should be stored with minimal headspace and should be checked
frequently for signs of degradation or evaporation, especially just
prior to preparing calibration standards from them.

6.7 Quality control check sample concentrate--See Section 8.2.1.

7. Cdibration

7.1 Assemble a purge and trap system that meets the specifications
in Section 5.2. Condition the trap overnight at 180 [deg]C by
backflushing with an inert gas flow of at least 20 mL/min. Condition the
trap for 10 min once daily prior to use.

7.2 Connect the purge and trap system to a gas chromatograph. The
gas chromatograph must be operated using temperature and flow rate
conditions equivalent to those given in Table 1. Calibrate the purge and
trap-gas chromatographic system using either the external standard
technique (Section 7.3) or the internal standard technique (Section
7.4).

7.3 External standard calibration procedure:

7.3.1 Prepare calibration standards at a miminum of three
concentration levels for each parameter by carefully adding 20.0
[micro]L of one or more secondary dilution standards to 100, 500, or
1000 [micro]L of reagent water. A 25-[micro]L
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syringe with a0.006 in. ID needle should be used for this operation.

One of the external standards should be at a concentration near, but
above, the MDL (Table 1) and the other concentrations should correspond
to the expected range of concentrations found in real samples or should
define the working range of the detector. These aqueous standards can be
stored up to 24 h, if held in sealed vials with zero headspace as

described in Section 9.2. If not so stored, they must be discarded after

1h.

7.3.2 Analyze each calibration standard according to Section 10, and
tabulate peak height or area responses versus the concentration in the
standard. The results can be used to prepare a calibration curve for
each compound. Alternatively, if the ratio of response to concentration
(calibration factor) is a constant over the working range (<10% relative
standard deviation, RSD), linearity through the origin can be assumed
and the average ratio or calibration factor can be used in place of a
calibration curve.

7.4 Internal standard calibration procedure--To use this approach,
the analyst must select one or more internal standards that are similar
in analytical behavior to the compounds of interest. The analyst must
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further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these
limitations, no internal standard can be suggested that is applicable to

all samples. The compounds recommended for use as surrogate spikesin
Section 8.7 have been used successfully asinternal standards, because
of their generally unique retention times.

7.4.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest as described in
Section 7.3.1.

7.4.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 6.5 and 6.6. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 [micro]g/mL of each internal standard compound. The
addition of 10 [micro]L of this standard to 5.0 mL of sample or
calibration standard would be equivalent to 30 [micro]g/L.

7.4.3 Analyze each calibration standard according to Section 10,
adding 10 [micro]L of interna standard spiking solution directly to the
syringe (Section 10.4). Tabulate peak height or area responses against
concentration for each compound and internal standard, and calculate
response factors (RF) for each compound using Equation 1.
[GRAPHIC] [TIFF OMITTED] TC15N091.094

Equation 1
where:
A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard.
C<INF>s</INF>=Concentration of the parameter to be measured.

If the RF value over the working range is a constant (<10% RSD), the RF
can be assumed to be invariant and the average RF can be used for
calculations. Alternatively, the results can be used to plot a

calibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.5 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of a QC check sample.

7.5.1 Prepare the QC check sample as described in Section 8.2.2.

7.5.2 Analyze the QC check sample according to Section 10.

7.5.3 For each parameter, compare the response (Q) with the
corresponding calibration acceptance criteriafound in Table 2. If the
responses for all parameters of interest fall within the designated
ranges, analysis of actual samples can begin. If any individual Q falls
outside the range, proceed according to Section 7.5.4.

Note: The large number of parametersin Table 2 present a
substantial probability that one or more will not meet the calibration
acceptance criteriawhen all parameters are analyzed.

7.5.4 Repeat the test only for those parameters that failed to meet
the calibration acceptance criteria. If the response for a parameter
does not fall within the range in this second test, a new calibration
curve, calibration factor, or RF must be prepared for that parameter
according to Section 7.3 or 7.4.

8. Quality Control
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8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samples to evaluate and document data
quality. The laboratory must maintain records to document the quality of
datathat is generated. Ongoing data quality checks are compared with
established performance criteriato determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision
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with this method. This ability is established as described in Section
8.2.

8.1.2 In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options (detailed in
Section 10.1) to improve the separations or lower the cost of
measurements. Each time such a modification is made to the method, the
analyst is required to repeat the procedure in Section 8.2.

8.1.3 Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system are under
control.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samplesto monitor and evaluate laboratory data
quality. This procedureis described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analysesis equivalent
to 10% of all samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of data that is generated. This procedureis described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.2.1 A quality control (QC) check sample concentrateis required
containing each parameter of interest at a concentration of 10 [micro]g/
mL in methanol. The QC check sample concentrate must be obtained from
the U.S. Environmental Protection Agency, Environmental Monitoring and
Support Laboratory in Cincinnati, Ohio, if available. If not available
from that source, the QC check sample concentrate must be obtained from
another external source. If not available from either source above, the
QC check sample concentrate must be prepared by the laboratory using
stock standards prepared independently from those used for calibration.

8.2.2 Prepare a QC check sample to contain 20 [micro]g/L of each
parameter by adding 200 [micro]L of QC check sample concentrate to 100
mL of reagent water.
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8.2.3 Analyze four 5-mL aiquots of the well-mixed QC check sample
according to Section 10.

8.2.4 Calculate the average recovery (X) in [micro]g/L, and the
standard deviation of the recovery (s) in [micro]g/L, for each parameter
of interest using the four results.

8.2.5 For each parameter compare s and X with the corresponding
acceptance criteriafor precision and accuracy, respectively, found in
Table 2. If sand X for al parameters of interest meet the acceptance
criteria, the system performance is acceptable and analysis of actual
samples can begin. If any individual s exceeds the precision limit or
any individual X falls outside the range for accuracy, then the system
performance is unacceptable for that parameter.

Note: The large number of parametersin Table 2 present a
substantial probability that one or more will fail at least one of the
acceptance criteriawhen all parameters are analyzed.

8.2.6 When one or more of the parameters tested fail at least one of
the acceptance criteria, the analyst must proceed according to Section
8.2.6.10r 8.2.6.2.

8.2.6.1 Locate and correct the source of the problem and repeat the
test for al parameters of interest beginning with Section 8.2.3.

8.2.6.2 Beginning with Section 8.2.3, repeat the test only for those
parameters that failed to meet criteria. Repested failure, however, will
confirm agenera problem with the measurement system. If this occurs,
locate and correct the source of the problem and repeat the test for all
compounds of interest beginning with Section 8.2.3.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to ten samples per month, at least one
spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:

8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against alimit specific to that parameter, the
spike should be at 20 [micro]g/L or 1 to 5 times higher than the
background concentration determined in Section 8.3.2, whichever
concentration would be larger.

8.3.2 Analyze one 5-mL sample aliquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second 5-mL sample aiquot with 10
[micro]L of the QC check sample concentrate and analyze it to determine
the concentration after spiking (A) of each parameter. Calculate each
percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
corresponding QC acceptance criteriafound in Table 2. These acceptance
criteriawere calculated to include an allowance for error in
measurement
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of both the background and spike concentrations, assuming a spike to
background ratio of 5:1. This error will be accounted for to the extent
that the analyst's spike to background ratio approaches 5:1. \7\ If
spiking was performed at a concentration lower than 20 [micro]g/L, the
analyst must use either the QC acceptance criteriain Table 2, or
optional QC acceptance criteria calculated for the specific spike
concentration. To calculate optional acceptance criteriafor the
recovery of a parameter: (1) Calculate accuracy (X') using the equation
in Table 3, substituting the spike concentration (T) for C; (2)

calculate overall precision (S) using the equation in Table 3,
substituting X' for X; (3) calculate the range for recovery at the spike
concentration as (100 X'/T)<plus-minus<ls-thn-eq>2.44(100 S/T)%. \7\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
Section 8.3, a QC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory. If the entire list of parametersin Table 2 must be measured
in the sample in Section 8.3, the probability that the analysis of a QC
check standard will be required is high. In this case the QC check
standard should be routinely analyzed with the spiked sample.

8.4.1 Prepare the QC check standard by adding 10 [micro]L of QC
check sample concentrate (Section 8.2.1 or 8.3.2) to 5 mL of reagent
water. The QC check standard needs only to contain the parameters that
failed criteriain the test in Section 8.3.

8.4.2 Analyze the QC check standard to determine the concentration
measured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T isthe true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
2. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter isjudged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P) and the standard deviation of
the percent recovery (s<INF>p</INF>). Express the accuracy assessment as
apercent recovery interval from P-2s<INF>p</INF> to P+2s<INF>p</INF>.
If p=90% and s<INF>p</INF>=10%, for example, the accuracy interval is
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expressed as 70-110%. Update the accuracy assessment for each parameter
on aregular basis (e.g. after each five to ten new accuracy
measurements).

8.6 It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
nature of the samples. Field duplicates may be analyzed to assess the
precision of the environmental measurements. When doubt exists over the
identification of a peak on the chromatogram, confirmatory techniques
such as gas chromatography with adissimilar column, specific element
detector, or mass spectrometer must be used. Whenever possible, the
laboratory should analyze standard reference materials and participate
in relevant performance evaluation studies.

8.7 The analyst should monitor both the performance of the
analytical system and the effectiveness of the method in dealing with
each sample matrix by spiking each sample, standard, and reagent water
blank with surrogate halocarbons. A combination of bromochloromethane,
2-bromo-1-chloropropane, and 1,4-dichlorobutane is recommended to
encompass the range of the temperature program used in this method. From
stock standard solutions prepared asin Section 6.5, add avolume to
give 750 [micro]g of each surrogate to 45 mL of reagent water contained
in a50-mL volumetric flask, mix and dilute to volume for a
concentration of 15 ng/[micro]L. Add 10 [micro]L of this surrogate
spiking solution directly into the 5-mL syringe with every sample and
reference standard analyzed. Prepare a fresh surrogate spiking solution
on aweekly basis. If theinternal standard calibration procedureis
being used, the surrogate compounds may be added directly to the
internal standard spiking solution (Section 7.4.2).

9. Sample Collection, Preservation, and Handling

9.1 All samples must be iced or refrigerated from the time of
collection until analysis. If the sample contains free or combined
chlorine, add sodium thiosulfate preservative (10 mg/40 mL is sufficient
for up to 5 ppm CI<INF>2</INF>) to the empty sample bottle just prior to
shipping to the sampling site. EPA Methods 330.4 and 330.5 may be used
for measurement of residual chlorine. \8\ Field test kits are available
for this purpose.

9.2 Grab samples must be collected in glass containers having a
total volume of at least 25 mL. Fill the sample bottle just to
overflowing in such a manner that no air
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bubbles pass through the sample as the bottle is being filled. Seal the
bottle so that no air bubbles are entrapped in it. If preservative has
been added, shake vigorously for 1 min. Maintain the hermetic seal on
the sample bottle until time of analysis.

9.3 All samples must be analyzed within 14 days of collection. \3\

10. Procedure

10.1 Table 1 summarizes the recommended operating conditions for the
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gas chromatograph. Included in this table are estimated retention times
and MDL that can be achieved under these conditions. An example of the
separations achieved by Column 1 is shown in Figure 5. Other packed
columns, chromatographic conditions, or detectors may be used if the
requirements of Section 8.2 are met.

10.2 Calibrate the system daily as described in Section 7.

10.3 Adjust the purge gas (nitrogen or helium) flow rate to 40 mL/
min. Attach the trap inlet to the purging device, and set the purge and
trap system to purge (Figure 3). Open the syringe valve located on the
purging device sample introduction needle.

10.4 Allow the sample to come to ambient temperature prior to
introducing it to the syringe. Remove the plunger from a 5-mL syringe
and attach a closed syringe valve. Open the sample bottle (or standard)
and carefully pour the sample into the syringe barrel to just short of
overflowing. Replace the syringe plunger and compress the sample. Open
the syringe valve and vent any residual air while adjusting the sample
volume to 5.0 mL. Since this process of taking an aliquot destroys the
validity of the sample for future analysis, the analyst should fill a
second syringe at this time to protect against possible loss of data.

Add 10.0 [micro]L of the surrogate spiking solution (Section 8.7) and
10.0 [micro]L of theinternal standard spiking solution (Section 7.4.2),
if applicable, through the valve bore, then close the valve.

10.5 Attach the syringe-syringe valve assembly to the syringe valve
on the purging device. Open the syringe valves and inject the sample
into the purging chamber.

10.6 Close both valves and purge the sample for 11.0 <plus-
minus<ls-thn-eq>0.1 min at ambient temperature.

10.7 After the 11-min purge time, attach the trap to the
chromatograph, adjust the purge and trap system to the desorb mode
(Figure 4), and begin to temperature program the gas chromatograph.
Introduce the trapped materials to the GC column by rapidly heating the
trap to 180 [deg] C while backflushing the trap with an inert gas between
20 and 60 mL/min for 4 min. If rapid heating of the trap cannot be
achieved, the GC column must be used as a secondary trap by cooling it
to 30 [deg] C (subambient temperature, if poor peak geometry or random
retention time problems persist) instead of theinitial program
temperature of 45 [deg]C

10.8 While the trap is being desorbed into the gas chromatograph,
empty the purging chamber using the sample introduction syringe. Wash
the chamber with two 5-mL flushes of reagent water.

10.9 After desorbing the sample for 4 min, recondition the trap by
returning the purge and trap system to the purge mode. Wait 15 sthen
close the syringe valve on the purging device to begin gas flow through
the trap. The trap temperature should be maintained at 180 [deg]C After
approximately 7 min, turn off the trap heater and open the syringe valve
to stop the gas flow through the trap. When the trap is cool, the next
sample can be analyzed.

10.10 Identify the parametersin the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaksin standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for a compound
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can be used to calculate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

10.11 If the response for a peak exceeds the working range of the
system, prepare a dilution of the sample with reagent water from the
aliquot in the second syringe and reanalyze.

11. Calculations

11.1 Determine the concentration of individual compounds in the
sample.

11.1.1 If the external standard calibration procedure is used,
calculate the concentration of the parameter being measured from the
peak response using the calibration curve or calibration factor
determined in Section 7.3.2.

11.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.4.3 and Equation 2.

Equation 2
[GRAPHIC] [TIFF OMITTED] TC15N091.095

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard.

11.2 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.
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12. Method Performance

12.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \1\ The MDL concentration
listed in Table 1 were obtained using reagent water. \11\. Similar
results were achieved using representative wastewaters. The MDL actually
achieved in agiven analysiswill vary depending on instrument
sensitivity and matrix effects.

12.2 This method is recommended for use in the concentration range
from the MDL to 1000xMDL. Direct aqueous injection techniques should be
used to measure concentration levels above 1000xMDL.

12.3 This method was tested by 20 |aboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked
at six concentrations over the range 8.0 to 500 [micro]g/L. \9\ Single
operator precision, overall precision, and method accuracy were found to
be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equations to
describe these relationships are presented in Table 3.
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Table 1--Chromatographic Conditions and Method Detection Limits

Retention time (min) Method detection

Parameter limit (micro]g/
Column 1 Column 2 L)

Chloromethane..........cococeveeeeeccereceeceeecee s 1.50 5.28 0.08
Bromomethane...........coceevevveveeiecciece s 2.17 7.05 1.18
Dichlorodifluoromethane............ccocveevvevveveennene. 2.62 nd 1.81
Vinyl chloride.........coooeoiiiinniicee 2.67 5.28 0.18
Chloroethane..........cccoceeevveveeevicceecee e, 3.33 8.68 0.52
Methylene chloride.........cccoeoenveinncinnene 5.25 10.1 0.25
Trichlorofluoromethane...........cocooveeviecieenens 7.18 nd nd
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1,1-Dichloroethene..........ccocceveveveccerecreeereenne. 7.93 7.72 0.13
1,1-Dichloroethane..........ccccoevveeevveveiieneenens 9.30 12.6 0.07
trans-1,2-Dichloroethene..........ccccoeeeevvcveiennns 10.1 9.38 0.10
Chloroform.......cccoeeeee e 10.7 12.1 0.05
1,2-Dichloroethane...........ccccoouvvvvecerevveenreenne. 114 15.4 0.03
1,1,1-Trichloroethane...........c.cocoeeuveeveeeennenne 12.6 13.1 0.03
Carbon tetrachloride...........cocovveveeveeceeennnn, 13.0 14.4 0.12
Bromodichloromethane............cccccoveeeeevveiveennen. 13.7 14.6 0.10
1,2-Dichloropropane..........ccceveeveeresieseennnnns 14.9 16.6 0.04
Cis-1,3-Dichloropropene.........coceveeeerereererennenens 15.2 16.6 0.34
Trichloroethene..........cccccveeveeveecceeecveeernee. 15.8 13.1 0.12
Dibromochloromethane...........ccccoevevvveveicveennenne 16.5 16.6 0.09
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1,1,2-Trichloroethane.............ccoceeeveeuveeeennnnne 16.5 18.1 0.02
trans-1,3-DichlOropropene..........ccoceeeeereereeneenne 16.5 18.0 0.20
2-Chloroethylvinyl ether...........cccccveeinieieene 18.0 nd 0.13
Bromoform.......cccceeeeeeeeie e 19.2 19.2 0.20
1,1,2,2-Tetrachloroethane...........c..ccoeeveeeernnee 21.6 nd 0.03
Tetrachloroethene.........cccccoveeeevevccieccieenne 21.7 15.0 0.03
Chlorobenzene..........cccocveeveeeeciececeeeeens 24.2 18.8 0.25
1,3-Dichlorobenzene.........ccccccveeeeveeiiecerinnne 34.0 224 0.32
1,2-Dichlorobenzene........ccococoveeieeeecceeeennnne 34.9 235 0.15
1,4-Dichlorobenzene.........ccccoveeveveeieeceeennnn. 354 22.3 0.24

Column 1 conditions: Carbopack B (60/80 mesh) coated with 1% SP-1000 packed inan 8 ft x 0.1 in. ID stainless
steel or glass column with helium carrier gas at 40 mL/min flow rate. Column temperature held at 45 [deg] C for
3 min then programmed at 8 [deg] C/min to 220 [deg]C and held for 15 min.

Column 2 conditions: Porisil-C (100/120 mesh) coated with n-octane packed ina 6 ft x 0.1 in. ID stainless steel
or glass column with helium carrier gas at 40 mL/min flow rate. Column temperature held at 50 [deg]C for 3 min
then programmed at 6 [deg]C/min to 170 [deg]C and held for 4 min.

nd=not determined.

Table 2--Calibration and QC Acceptance Criteria--Method 601 \a\

Limit for
Rangefor Q S Rangefor X RangeP,
Parameter ([microlg/L) ([microlg/ ([micro]g/L) Ps(%)

L)
Bromodichloromethane............cccccoovvevvvecveenenne 15.2-24.8 4.3 10.7-32.0 42-172
Bromoform.......cccceceeeevecececeecrecre e 14.7-25.3 47 5.0-29.3 13-159
Bromomethane..........c.cccoeeveeeveceecieeecreennen, 11.7-28.3 7.6 3.4-245 D-144
Carbon tetrachloride...........ccccevecveeveeeneenen. 13.7-26.3 5.6 11.8-25.3 43-143
Chlorobenzene........cocccveeeeeeececeeieecreinns 14.4-25.6 50 10.2-27.4 38-150
Chloroethane...........coceeveeeieiececceeeene 15.4-24.6 4.4 11.3-25.2  46-137
2-Chloroethylvinyl ether...........ccccoooieininnne. 12.0-28.0 8.3 45-355 14-186
ChloroforM......cceeeeeeececeeceeee e 15.0-25.0 45 12.4-240 49-133
Chloromethang.........cccoeeeeeeeeeeceeieecrecneenes 11.9-28.1 7.4 D-34.9 D-193
Dibromochloromethane............ccccoevvvveveininnne 13.1-26.9 6.3 7.9-35.1 24-191
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1,2-Dichlorobenzene.........cccoceeveveevecveeeneenne. 14.0-26.0 55 1.7-38.9 D-208
1,3-Dichlorobenzene.........ccccoeveveveieireenens 9.9-30.1 9.1 6.2-326  7-187
1,4-Dichlorobenzene........c..ccocevvveeveeeveeneenne. 13.9-26.1 55 11.5-255  42-143
1,1-Dichloroethang............ccooveeveeveeeveeinnnns 16.8-23.2 3.2 11.2-24.6  47-132
1,2-Dichloroethane............ccoveeeevveiiivieinnns 14.3-25.7 5.2 13.0-26.5 51-147
1,1-Dichloroethene.........c..cooveeeveeeirveveeinnns 12.6-27.4 6.6 10.2-27.3  28-167
trans-1,2-Dichloroethene..........ccccoeeeveeeeneee 12.8-27.2 6.4 11.4-27.1 38-155
1,2-Dichloropropane..........coveeerereeeesereeenens 14.8-25.2 52 10.1-299 44-156
Cis-1,3-DichlOropropene........ccccveeeeveeseeennens 12.8-27.2 7.3 6.2-33.8 22-178
trans-1,3-Dichloropropene.........ccccoeeevrereenene. 12.8-27.2 7.3 6.2-33.8 22-178
Methylene chloride.........coccoveveinrciennenne 15.5-24.5 4.0 7.0-27.6 25-162
1,1,2,2-Tetrachloroethane.............ccocceveeunnee. 9.8-30.2 9.2 6.6-31.8 8-184
Tetrachloroethene..........coceeveeeeevieeiieiieineens 14.0-26.0 5.4 8.1-29.6 26-162
1,1,1-Trichloroethane..........cc.coceeeeereeeennnnee. 14.2-25.8 49 10.8-24.8 41-138
1,1,2-Trichloroethane..........c..cooeeveereeeunnnnee. 15.7-24.3 3.9 9.6-254 39-136
Trichloroethene.........ccccceevvveeeeesicece 15.4-24.6 4.2 9.2-26.6 35-146
Trichlorofluoromethane...........cccceeveevevenenee. 13.3-26.7 6.0 7.4-281 21-156
Vinyl chloride.......ocovrveenrererreesenes 13.7-26.3 5.7 8.2-29.9 28-163

\a\ Criteriawere calculated assuming a QC check sample concentration of 20 [micro]g/L.
Q=Concentration measured in QC check sample, in [micro]g/L (Section 7.5.3).
s=Standard deviation of four recovery measurements, in [micro]g/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).

P, Ps=Percent recovery measured (Section 8.3.2, Section 8.4.2).

D=Detected; result must be greater than zero.

Note: These criteria are based directly upon the method performance datain Table 3. Where necessary, the limits

for recovery have been broadened to assure applicability of the limits to concentrations below those used to
develop Table 3.

Table 3--Method Accuracy and Precision as Functions of Concentration--Method 601

Single analyst
Parameter Accuracy, as recovery, precision, sr' Overall precision, S

X' ([micro]g/L) ([micro]g/L) (Imicro]lg/L)
Bromodichloromethane................ 1.12C-1.02 0.11X+0.04 0.20X+1.00
Bromoform.........coceevveeueennen. 0.96C-2.05 0.12X+0.58 0.21X+2.41
Bromomethane.............c.c...... 0.76C-1.27 0.28X+0.27 0.36X+0.94
Carbon tetrachloride................ 0.98C-1.04 0.15X+0.38 0.20X+0.39
Chlorobenzene............c.ou...... 1.00C-1.23 0.15X-0.02 0.18X+1.21
Choroethane...........ccoouveuee.. 0.99C-1.53 0.14X-0.13 0.17X+0.63
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2-Chloroethylvinyl ether \a........ 1.00C 0.20X 0.35X
Chloroform........ccceceeveveenenne 0.93C-0.39 0.13X+0.15 0.19X-0.02
Chloromethane....................... 0.77C+0.18 0.28X-0.31 0.52X+1.31
Dibromochloromethane................ 0.94C+2.72 0.11X+1.10 0.24X+1.68
1,2-Dichlorobenzene................. 0.93C+1.70 0.20X+0.97 0.13X+6.13
1,3-Dichlorobenzene................. 0.95C+0.43 0.14X+2.33 0.26X+2.34
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1,4-Dichlorobenzere................. 0.93C-0.09 0.15X+0.29 0.20X+0.41
1,1-Dichloroethane.................. 0.95C-1.08 0.09X+0.17 0.14X+0.94
1,2-Dichloroethane.................. 1.04C-1.06 0.11X+0.70 0.15X+0.94
1,1-Dichloroethene.................. 0.98C-0.87 0.21X-0.23 0.29X-0.40
trans-1,2-Dichloroethene............ 0.97C-0.16 0.11X+1.46 0.17X+1.46
1,2-Dichloropropane\a............. 1.00C 0.13X 0.23X
cis-1,3-Dichloropropene\a......... 1.00C 0.18X 0.32X
trans-1,3-Dichloropropene\al....... 1.00C 0.18X 0.32X
Methylene chloride.................. 0.91C-0.93 0.11X+0.33 0.21X+1.43
1,1,2,2-Tetrachloroethene........... 0.95C+0.19 0.14X+2.41 0.23X+2.79
Tetrachloroethene................... 0.94C+0.06 0.14X+0.38 0.18X+2.21
1,1,1-Trichloroethane............... 0.90C-0.16 0.15X+0.04 0.20X+0.37
1,1,2-Trichloroethare............... 0.86C+0.30 0.13X-0.14 0.19X+0.67
Trichloroethene..................... 0.87C+0.48 0.13X-0.03 0.23X+0.30
Trichlorofluoromethane.............. 0.89C-0.07 0.15X+0.67 0.26X+0.91
Vinyl chloride...........cc....... 0.97C-0.36 0.13X+0.65 0.27X+0.40

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in [micro]g/L.

sn'=Expected single analyst standard deviation of measurements at an average concentration found of X, in
[micro]jg/L.

S\1\=Expected interlaboratory standard deviation of measurements at an average concentration found of X, in
[micro]g/L.

C=True value for the concentration, in [micro]g/L.

X=Average recovery found for measurements of samples containing a concentration of C, in [micro]g/L.

\a\ Estimates based upon the performance in a single laboratory. \10\
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[GRAPHIC] [TIFF OMITTED] TC02JY 92.000
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[GRAPHIC] [TIFF OMITTED] TC02JY 92.001
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[GRAPHIC] [TIFF OMITTED] TC02JY 92.002
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[GRAPHIC] [TIFF OMITTED] TC02JY 92.003
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Method 602--Purgeable Aromatics
1. Scope and Application
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1.1 This method covers the determination of various purgeable
aromatics. The following parameters may be determined by this method:

STORET

Parameter No. CASNo.
Benzene.......cocoeeeeeeiieeceeeee, 34030 71-43-2
Chlorobenzene..........ccccocveeveeveecueecnenn, 34301 108-90-7
1,2-Dichlorobenzene........cccccoceevvevrenen. 34536  95-50-1
1,3-Dichlorobenzene.........cccccccovevecueenee 34566 541-73-1
1,4-Dichlorobenzene...........ccoceevveuveneen. 34571 106-46-7
Ethylbenzene.........ccccceovvevievciececnnne. 34371 100-41-4
TOIUENE......cveceeectecteceeeecte e 34010 108-88-3

1.2 Thisisapurge and trap gas chromatographic (GC) method
applicable to the determination of the compounds listed above in
municipa and industrial discharges as provided under 40 CFR 136.1. When
this method is used to analyze unfamiliar samples for any or all of the
compounds above, compound identifications should be supported by at
least one additional qualitative technique. This method describes
analytical conditions for a second gas chromatographic column that can
be used to confirm measurements made with the primary column. Method 624
provides gas chromatograph/mass spectrometer (GC/MS) conditions
appropriate for the qualitative and quantitative confirmation of results
for al of the parameters listed above.

1.3 The method detection limit (MDL, defined in Section 12.1) \1\
for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix.

1.4 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of alternate test procedures under 40 CFR 136.4
and 136.5.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the operation of a purge and trap system and a
gas chromatograph and in the interpretation of gas chromatograms. Each
analyst must demonstrate the ability to generate acceptabl e results with
this method using the procedure described in Section 8.2.

2. Summary of Method

2.1 Aninert gasis bubbled through a 5-mL water sample contained in
a specially-designed purging chamber at ambient temperature. The
aromatics are efficiently transferred from the agueous phase to the
vapor phase. The vapor is swept through a sorbent trap where the
aromatics are trapped. After purging is completed, the trap is heated
and backflushed with the inert gas to desorb the aromatics onto a gas
chromatographic column. The gas chromatograph is temperature programmed
to separate the aromatics which are then detected with a photoionization
detector. \2,3\

2.2 The method provides an optional gas chromatographic column that
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may be helpful in resolving the compounds of interest from interferences
that may occur.

3. Interferences

3.1 Impurities in the purge gas and organic compounds outgassing
from the plumbing ahead of the trap account for the majority of
contamination problems. The analytical system must be demonstrated to be
free from contamination under the conditions of the analysis by running
laboratory reagent blanks as described in Section 8.1.3. The use of non-
Teflon plastic tubing, non-Teflon thread sealants, or flow controllers
with rubber components in the purge and trap system should be avoided.

3.2 Samples can be contaminated by diffusion of volatile organics
through the septum seal into the sample during shipment and storage. A
field reagent blank prepared from reagent water and carried through the
sampling and handling protocol can serve as a check on such
contamination.

3.3 Contamination by carry-over can occur whenever high level and
low level samples are sequentially analyzed. To reduce carry-over, the
purging device and sample syringe must be rinsed with reagent water
between sample analyses. Whenever an unusually concentrated sampleis
encountered, it should be followed by an analysis of reagent water to
check for cross contamination. For samples containing large amounts of
water-soluble materials, suspended solids, high boiling compounds or
high aromatic levels, it may be necessary to wash the purging device
with a detergent solution, rinse it with distilled water, and then dry
itin an oven at 105 [deg] C between analyses. The trap and other parts
of the system are also subject to contamination; therefore, frequent
bakeout and purging of the entire system may be required.

4. Sefety

4.1 Thetoxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemical compound
should be treated as a potential health hazard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of materia data handling sheets should also be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety
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are available and have been identified \4,6\ for the information of the
analyst.

4.2 The following parameters covered by this method have been
tentatively classified as known or suspected, human or mammalian
carcinogens: benzene and 1,4-dichlorobenzene. Primary standards of these
toxic compounds should be prepared in a hood. A NIOSH/MESA approved
toxic gas respirator should be worn when the analyst handles high
concentrations of these toxic compounds.
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5. Apparatus and Materials

5.1 Sampling equipment, for discrete sampling.

5.1.1 Via]25-mL capacity or larger, equipped with a screw cap with
aholein the center (Pierce <greek-i>13075 or equivalent). Detergent
wash, rinse with tap and distilled water, and dry at 105 [deg] C before
use.

5.1.2 Septum--Teflon-faced silicone (Pierce <greek-i>12722 or
equivalent). Detergent wash, rinse with tap and distilled water, and dry
at 105 [deg]C for 1 h before use.

5.2 Purge and trap system--The purge and trap system consists of
three separate pieces of equipment: A purging device, trap, and
desorber. Several complete systems are now commercially available.

5.2.1 The purging device must be designed to accept 5-mL samples
with awater column at least 3 cm deep. The gaseous head space between
the water column and the trap must have a total volume of less than 15
mL. The purge gas must pass through the water column asfinely divided
bubbles with a diameter of lessthan 3 mm at the origin. The purge gas
must be introduced no more than 5 mm from the base of the water column.
The purging deviceillustrated in Figure 1 meets these design criteria.

5.2.2 The trap must be at least 25 cm long and have an inside
diameter of at least 0.105in.

5.2.2.1 Thetrap is packed with 1 cm of methy! silicone coated
packing (Section 6.4.2) and 23 cm of 2,6-diphenylene oxide polymer
(Section 6.4.1) as shown in Figure 2. This trap was used to develop the
method performance statements in Section 12.

5.2.2.2 Alternatively, either of the two traps described in Method
601 may be used, although water vapor will preclude the measurement of
low concentrations of benzene.

5.2.3 The desorber must be capable of rapidly heating the trap to
180 [deg]C. The polymer section of the trap should not be heated higher
than 180 [deg] C and the remaining sections should not exceed 200 [deg]C.
The desorber illustrated in Figure 2 meets these design criteria.

5.2.4 The purge and trap system may be assembled as a separate unit
or be coupled to a gas chromatograph asillustrated in Figures 3, 4, and
5.

5.3 Gas chromatograph--An analytical system complete with a
temperature programmable gas chromatograph suitable for on-column
injection and all required accessories including syringes, analytical
columns, gases, detector, and strip-chart recorder. A data systemis
recommended for measuring peak areas.

5.3.1 Column 1--6 ft long x 0.082 in. ID stainless steel or glass,
packed with 5% SP-1200 and 1.75% Bentone-34 on Supelcoport (100/120
mesh) or equivalent. This column was used to develop the method
performance statementsin Section 12. Guidelines for the use of
alternate column packings are provided in Section 10.1.

5.3.2 Column 2--8 ft long x 0.1 in ID stainless steel or glass,
packed with 5% 1,2,3-Tris(2-cyanoethoxy)propane on Chromosorb W-AW (60/
80 mesh) or equivalent.

5.3.3 Detector--Photoionization detector (h-Nu Systems, Inc. Model
PI-51-02 or equivalent). Thistype of detector has been proven effective
in the analysis of wastewaters for the parameters listed in the scope
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(Section 1.1), and was used to develop the method performance statements
in Section 12. Guidelines for the use of alternate detectors are
provided in Section 10.1.

5.4 Syringes--5-mL glass hypodermic with Luerlok tip (two each), if
applicable to the purging device.

5.5 Micro syringes--25-[micro]L, 0.006 in. ID needle.

5.6 Syringe valve--2-way, with Luer ends (three each).

5.7 Bottle--15-mL, screw-cap, with Teflon cap liner.

5.8 Balance--Analytical, capable of accurately weighing 0.0001 g.

6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.1.1 Reagent water can be generated by passing tap water through a
carbon filter bed containing about 1 Ib of activated carbon (Filtrasorb-
300, Calgon Corp., or equivalent).

6.1.2 A water purification system (Millipore Super-Q or equivalent)
may be used to generate reagent water.

6.1.3 Reagent water may also be prepared by boiling water for 15
min. Subsequently, while maintaining the temperature at 90 [deg] C,
bubble a contaminant-free inert gas through the water for 1 h. While
till hot, transfer the water to a narrow mouth screw-cap bottle and
seal with a Teflon-lined septum and cap.

6.2 Sodium thiosulfate--(ACS) Granular.

6.3 Hydrochloric acid (1+1)--Add 50 mL of concentrated HCI (ACS) to
50 mL of reagent water.

6.4 Trap Materias:
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6.4.1 2,6-Diphenylene oxide polymer--Tenax, (60/80 mesh),
chromatographic grade or equivalent.

6.4.2 Methy! silicone packing--3% OV-1 on Chromosorb-W (60/80 mesh)
or equivalent.

6.5 Methanol--Pesticide quality or equivalent.

6.6 Stock standard solutions--Stock standard solutions may be
prepared from pure standard material's or purchased as certified
solutions. Prepare stock standard solutions in methanol using assayed
liquids. Because of the toxicity of benzene and 1,4-dichlorobenzene,
primary dilutions of these materials should be prepared in ahood. A
NIOSH/MESA approved toxic gas respirator should be used when the analyst
handles high concentrations of such materials.

6.6.1 Place about 9.8 mL of methanol into a 10-mL ground glass
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 min or until all acohol wetted surfaces have dried. Weigh the
flask to the nearest 0.1 mg.

6.6.2 Using a 100-[micro]L syringe, immediately add two or more
drops of assayed reference materia to the flask, then reweigh. Be sure
that the dropsfall directly into the alcohol without contacting the
neck of the flask.

6.6.3 Reweigh, dilute to volume, stopper, then mix by inverting the
flask several times. Calculate the concentration in [micro]g/[micro]L
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from the net gain in weight. When compound purity is assayed to be 96%
or greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are certified by the
manufacturer or by an independent source.

6.6.4 Transfer the stock standard solution into a Teflon-sealed
screw-cap bottle. Store at 4 [deg]C and protect from light.

6.6.5 All standards must be replaced after one month, or sooner if
comparison with check standards indicates a problem.

6.7 Secondary dilution standards--Using stock standard solutions,
prepare secondary dilution standards in methanol that contain the
compounds of interest, either singly or mixed together. The secondary
dilution standards should be prepared at concentrations such that the
aqueous calibration standards prepared in Section 7.3.1 or 7.4.1 will
bracket the working range of the analytical system. Secondary solution
standards must be stored with zero headspace and should be checked
frequently for signs of degradation or evaporation, especially just
prior to preparing calibration standards from them.

6.8 Quality control check sample concentrate--See Section 8.2.1.

7. Calibration

7.1 Assemble a purge and trap system that meets the specifications
in Section 5.2. Condition the trap overnight at 180 [deg]C by
backflushing with an inert gas flow of at least 20 mL/min. Condition the
trap for 10 min once daily prior to use.

7.2 Connect the purge and trap system to a gas chromatograph. The
gas chromatograph must be operated using temperature and flow rate
conditions equivalent to those given in Table 1. Calibrate the purge and
trap-gas chromatographic system using either the external standard
technique (Section 7.3) or the internal standard technique (Section
7.4).

7.3 External standard calibration procedure:

7.3.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter by carefully adding 20.0
[micro]L of one or more secondary dilution standards to 100, 500, or
1000 mL of reagent water. A 25-[micro]L syringe with a0.006 in. ID
needle should be used for this operation. One of the external standards
should be at a concentration near, but above, the MDL (Table 1) and the
other concentrations should correspond to the expected range of
concentrations found in real samples or should define the working range
of the detector. These aqueous standards must be prepared fresh daily.

7.3.2 Analyze each calibration standard according to Section 10, and
tabulate peak height or area responses versus the concentration in the
standard. The results can be used to prepare a calibration curve for
each compound. Alternatively, if theratio of response to concentration
(calibration factor) is a constant over the working range (<10% relative
standard deviation, RSD), linearity through the origin can be assumed
and the average ratio or calibration factor can be used in place of a
calibration curve.

7.4 Internal standard calibration procedure--To use this approach,
the analyst must select one or more internal standards that are similar
in analytical behavior to the compounds of interest. The analyst must
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further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these

limitations, no internal standard can be suggested that is applicable to

all samples. The compound, [a pha],[alpha],[al pha],-trifluorotol uene,
recommended as a surrogate spiking compound in Section 8.7 has been used
successfully as an internal standard.

7.4.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest as described in
Section 7.3.1.

7.4.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 6.6 and 6.7. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 [micro]g/mL of each internal standard compound. The
addition of 10 [micro]l of this
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standard to 5.0 mL of sample or calibration standard would be equivalent
to 30 [micro]g/L.

7.4.3 Analyze each calibration standard according to Section 10,
adding 10 [micro]L of interna standard spiking solution directly to the
syringe (Section 10.4). Tabulate peak height or area responses against
concentration for each compound and internal standard, and calculate
response factors (RF) for each compound using Equation 1.

RF = (A<INF>s</INF>)(C<INF>is</INF> (A<INF>is</INF>)(C<INF>s</INF>)
Equation 1

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard
C<INF>s</INF>=Concentration of the parameter to be measured.

If the RF value over the working range is a constant (<10% RSD), the RF
can be assumed to be invariant and the average RF can be used for
calculations. Alternatively, the results can be used to plot a

caibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.5 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of a QC check sample.

7.5.1 Prepare the QC check sample as described in Section 8.2.2.

7.5.2 Analyze the QC check sample according to Section 10.

7.5.3 For each parameter, compare the response (Q) with the
corresponding calibration acceptance criteriafound in Table 2. If the
responses for al parameters of interest fall within the designated
ranges, analysis of actual samples can begin. If any individua Q falls
outside the range, a new calibration curve, calibration factor, or RF
must be prepared for that parameter according to Section 7.3 or 7.4.

8. Quality Control
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8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The mimimum requirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samples to evaluate and document data
quality. The laboratory must maintain records to document the quality of
datathat is generated. Ongoing data quality checks are compared with
established performance criteria to determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision with this
method. This ability is established as described in Section 8.2.

8.1.2 In recognition of advancesthat are occurring in
chromatography, the analyst is permitted certain options (detailed in
Section 10.1) to improve the separations or lower the cost of
measurements. Each time such a modification is made to the method, the
analyst is required to repeat the procedure in Section 8.2.

8.1.3 Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system are under
control.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samplesto monitor and evaluate laboratory data
quality. This procedureis described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analysesis equivalent
to 10% of all samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of datathat is generated. This procedure is described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.2.1 A quality control (QC) check sample concentrate is required
containing each parameter of interest at a concentration of 10 [micro]g/
mL in methanol. The QC check sample concentrate must be obtained from
the U.S. Environmental Protection Agency, Environmental Monitoring and
Support Laboratory in Cincinnati, Ohio, if available. If not available
from that source, the QC check sample concentrate must be obtained from
another external source. If not available from either source above, the
QC check sample concentrate must be prepared by the laboratory using
stock standards prepared independently from those used for calibration.

8.2.2 Prepare a QC check sample to contain 20 [micro]g/L of each
parameter by adding 200 [micro]L of QC check sample concentrate to 100
mL of reagant water.

8.2.3 Analyze four 5-mL aiquots of the well-mixed QC check sample
according to Section 10.

8.2.4 Calculate the average recovery (X) in [micro]g/L, and the
standard deviation of the recovery (s) in [micro]g/L, for each parameter
of interest using the four results.
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8.2.5 For each parameter compare s and X with the corresponding
acceptance criteria for precision and accuracy, respectively,
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foundin Table 2. If sand X for all parameters of interest meet the
acceptance criteria, the system performance is acceptable and analysis
of actual samples can begin. If any individua s exceeds the precision
limit or any individual X falls outside the range for accuracy, the
system performance is unacceptable for that parameter.

Note: The large number of parametersin Table 2 present a
substantial probability that one or more will fail at least one of the
acceptance criteriawhen all parameters are analyzed.

8.2.6 When one or more of the parameters tested fail at least one of
the acceptance criteria, the analyst must proceed according to Section
8.2.6.10r 8.2.6.2.

8.2.6.1 Locate and correct the source of the problem and repeat the
test for al parameters of interest beginning with Section 8.2.3.

8.2.6.2 Beginning with Section 8.2.3, repeat the test only for those
parameters that failed to meet criteria. Repeated failure, however, will
confirm a general problem with the measurement system. If this occurs,
locate and correct the source of the problem and repeat the test for all
compounds of interest beginning with Section 8.2.3.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to ten samples per month, at |east one
spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:

8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against a limit specific to that parameter, the
spike should be at 20 [micro]g/L or 1 to 5 times higher than the
background concentration determined in Section 8.3.2, whichever
concentration would be larger.

8.3.2 Analyze one 5-mL sample aliquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second 5-mL sample aliquot with 10
[micro]L of the QC check sample concentrate and analyze it to determine
the concentration after spiking (A) of each parameter. Calculate each
percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
corresponding QC acceptance criteriafound in Table 2. These acceptance
criteriawere calculated to include an allowance for error in
measurement of both the background and spike concentrations, assuming a
spike to background ratio of 5:1. This error will be accounted for to
the extent that the analyst's spike to background ratio approaches 5:1.
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\7\ If spiking was performed at a concentration lower than 20 [micro]g/
L, the analyst must use either the QC acceptance criteriain Table 2, or
optional QC acceptance criteria calculated for the specific spike
concentration. To calculate optional acceptance criteriafor the

recovery of aparameter: (1) Calculate accuracy (X') using the equation
in Table 3, substituting the spike concentration (T) for C; (2)

calculate overall precision (S) using the equation in Table 3,
substituting X' for X; (3) calculate the range for recovery at the spike
concentration as (100 X'/T) <plus-minus<|s-thn-eq>2.44(100 S/T)%. \7\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
Section 8.3, a QC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory.

8.4.1 Prepare the QC check standard by adding 10 [micro]L of QC
check sample concentrate (Section 8.2.1 or 8.3.2) to 5 mL of reagent
water. The QC check standard needs only to contain the parameters that
failed criteriain the test in Section 8.3.

8.4.2 Analyze the QC check standard to determine the concentration
mesasured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T isthe true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
2. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter is judged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P)
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and the standard deviation of the percent recovery (s<INF>p</INF>).
Express the accuracy assessment as a percent recovery interval from P-
2s<INF>p</INF> to P+2s<INF>p</INF>. If P=90% and s<INF>p</INF>=10%, for
example, the accuracy interval is expressed as 70-110%. Update the
accuracy assessment for each parameter on aregular basis (e.g. after
each five to ten new accuracy measurements).
8.6 It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
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nature of the samples. Field duplicates may be analyzed to assess the
precision of the environmental measurements. When doubt exists over the
identification of a peak on the chromatogram, confirmatory techniques
such as gas chromatography with adissimilar column, specific element
detector, or mass spectrometer must be used. Whenever possible, the
laboratory should analyze standard reference materials and participate
in relevant performance evaluation studies.

8.7 The analyst should monitor both the performance of the
analytical system and the effectiveness of the method in dealing with
each sample matrix by spiking each sample, standard, and reagent water
blank with surrogate compounds (e.g. [alpha), [apha], [alpha] -
trifluorotoluene) that encompass the range of the temperature program
used in this method. From stock standard solutions prepared asin
Section 6.6, add a volume to give 750 [micro]g of each surrogate to 45
mL of reagent water contained in a 50-mL volumetric flask, mix and
dilute to volume for a concentration of 15 mg/[micro]L. Add 10 [micro]L
of this surrogate spiking solution directly into the 5-mL syringe with
every sample and reference standard analyzed. Prepare a fresh surrogate
spiking solution on aweekly basis. If theinternal standard calibration
procedure is being used, the surrogate compounds may be added directly
to the internal standard spiking solution (Section 7.4.2).

9. Sample Collection, Preservation, and Handling

9.1 The samples must be iced or refrigerated from the time of
collection until analysis. If the sample contains free or combined
chlorine, add sodium thiosulfate preservative (10 mg/40 mL is sufficient
for up to 5 ppm CI<INF>2</INF>) to the empty sample bottle just prior to
shipping to the sampling site. EPA Method 330.4 or 330.5 may be used for
measurement of residual chlorine. \8\ Field test kits are available for
this purpose.

9.2 Caollect about 500 mL of sample in aclean container. Adjust the
pH of the sample to about 2 by adding 1+1 HCI while stirring. Fill the
sample bottle in such a manner that no air bubbles pass through the
sample as the bottle is being filled. Seal the bottle so that no air
bubbles are entrapped in it. Maintain the hermetic seal on the sample
bottle until time of analysis.

9.3 All samples must be analyzed within 14 days of collection. \3\

10. Procedure

10.1 Table 1 summarizes the recommended operating conditions for the
gas chromatograph. Included in this table are estimated retention times
and MDL that can be achieved under these conditions. An example of the
separations achieved by Column 1 is shown in Figure 6. Other packed
columns, chromatographic conditions, or detectors may be used if the
requirements of Section 8.2 are met.

10.2 Calibrate the system daily as described in Section 7.

10.3 Adjust the purge gas (nitrogen or helium) flow rate to 40 mL/
min. Attach the trap inlet to the purging device, and set the purge and
trap system to purge (Figure 3). Open the syringe valve located on the
purging device sample introduction needle.

10.4 Allow the sample to come to ambient temperature prior to
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introducing it to the syringe. Remove the plunger from a5-mL syringe
and attach a closed syringe valve. Open the sample bottle (or standard)
and carefully pour the sample into the syringe barrel to just short of
overflowing. Replace the syringe plunger and compress the sample. Open
the syringe valve and vent any residual air while adjusting the sample
volumeto 5.0 mL. Since this process of taking an aliquot destroys the
validity of the sample for future analysis, the analyst should fill a
second syringe at this time to protect against possible loss of data.

Add 10.0 [micro]L of the surrogate spiking solution (Section 8.7) and
10.0 [micro]L of theinternal standard spiking solution (Section 7.4.2),
if applicable, through the valve bore, then close the valve.

10.5 Attach the syringe-syringe valve assembly to the syringe valve
on the purging device. Open the syringe valves and inject the sample
into the purging chamber.

10.6 Close both valves and purge the sample for 12.0 <plus-
minus<|s-thn-eg>0.1 min at ambient temperature.

10.7 After the 12-min purge time, disconnect the purging device from
the trap. Dry the trap by maintaining a flow of 40 mL/min of dry purge
gasthrough it for 6 min (Figure 4). If the purging device has no
provision for bypassing the purger for this step, a dry purger should be
inserted into the device to minimize moisture in the gas. Attach the
trap to the chromatograph, adjust the purge and trap system to the
desorb mode (Figure 5), and begin to temperature program the gas
chromatograph. Introduce the trapped materials to the GC column by
rapidly heating the trap to 180 [deg] C while backflushing the trap with
an inert gas between 20 and 60 mL/min for 4 min. If rapid heating of the
trap cannot be achieved, the GC column must be used as
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asecondary trap by cooling it to 30 [deg] C (subambient temperature, if
poor peak geometry and random retention time problems persist) instead
of theinitial program temperature of 50 [deg]C.

10.8 While the trap is being desorbed into the gas chromatograph
column, empty the purging chamber using the sample introduction syringe.
Wash the chamber with two 5-mL flushes of reagent water.

10.9 After desorbing the sample for 4 min, recondition the trap by
returning the purge and trap system to the purge mode. Wait 15 s, then
close the syringe valve on the purging device to begin gas flow through
the trap. The trap temperature should be maintained at 180 [deg]C. After
approximately 7 min, turn off the trap heater and open the syringe valve
to stop the gas flow through the trap. When the trap is cool, the next
sample can be analyzed.

10.10 Identify the parametersin the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaks in standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for a compound
can be used to cal culate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

10.11 If the response for a peak exceeds the working range of the
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system, prepare a dilution of the sample with reagent water from the
aliquot in the second syringe and reanalyze.

11. Calculations

11.1 Determine the concentration of individual compounds in the
sample.

11.1.1If the external standard calibration procedure is used,
calculate the concentration of the parameter being measured from the
peak response using the calibration curve or calibration factor
determined in Section 7.3.2.

11.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.4.3 and Equation 2.

[GRAPHIC] [TIFF OMITTED] TC15N091.096

Equation 2
where:
A<INF>s</INF> = Response for the parameter to be measured.
A<INF>is</INF> = Response for the internal standard.
C<INF>is</INF> = Concentration of the internal standard.

11.2 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.

12. Method Performance

12.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \1\ The MDL concentrations
listed in Table 1 were obtained using reagent water. \9\ Similar results
were achieved using representative wastewaters. The MDL actually
achieved in agiven analysiswill vary depending on instrument
sensitivity and matrix effects.

12.2 This method has been demonstrated to be applicable for the
concentration range from the MDL to 100 x MDL. \9\ Direct aqueous
injection techniques should be used to measure concentration levels
above 1000 x MDL.

12.3 This method was tested by 20 |aboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked
at six concentrations over the range 2.1 to 550 [micro]g/L. \9\ Single
operator precision, overall precision, and method accuracy were found to
be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equations to
describe these relationships are presented in Table 3.

References

1. 40 CFR part 136, appendix B.

2. Lichtenberg, J.J. “"Determining Volatile Organics at Microgram-
per-Litre-Levels by Gas Chromatography," Journal American Water Works
Association, 66, 739 (1974).

3. Béllar, T.A., and Lichtenberg, J.J. "~ Semi-Automated Headspace

file:////Questalwipp_common/WRES/Permit%20Ref rences/40%20CFR%20Part%20136.txt (87 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

Analysis of Drinking Waters and Industrial Waters for Purgeable Volatile
Organic Compounds," Proceedings of Symposium on Measurement of Organic
Pollutantsin Water and Wastewater. American Society for Testing and
Materials, STP 686, C.E. Van Hall, editor, 1978.

4. " Carcinogens--Working with Carcinogens," Department of Health,
Education, and Welfare, Public Health Service, Center for Disease
Control, National Institute for Occupational Safety and Health.
Publication No. 77-206, August 1977.

5. "OSHA Safety and Health Standards, General Industry,” (29 CFR
part 1910), Occupational Safety and Health Administration, OSHA 2206
(Revised, January 1976).

6. " Safety in Academic Chemistry Laboratories,” American Chemical
Society Publication, Committee on Safety, 3rd Edition, 1979.

7. Provost, L.P., and Elder, R.S. “Interpretation of Percent
Recovery Data,” American Laboratory, 15, 58-63 (1983). (The value 2.44
used in the equation in Section 8.3.3. is two times the value 1.22
derived in thisreport.)

[[Page 85]]

8."Methods 330.4 (Titrimetric, DPD-FAS) and 330.5
(Spectrophotometric, DPD) for Chlorine, Total Residual,” Methods for
Chemical Analysis of Water and Wastes, EPA-600/4-79-020, U.S.
Environmental Protection Agency, Office of Research and Devel opment,
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio 45268.
March 1979.

9. "EPA Method Study 25, Method 602, Purgeable Aromatics," EPA
600/4-84-042, National Technical Information Service, PB84-196682,
Springfield, Virginia 22161, May 1984.

Table 1--Chromatographic Conditions and Method Detection Limits

Retention time (min) Method

---------------------- detection
Parameter limit
Column1l Column2 ([micro]g/
L)
Benzene........ccocceeveeeeieennnnn. 3.33 2.75 0.2
Toluene.......ccveeeeeeceeeereenn, 5.75 4.25 0.2
Ethylbenzene.........cccccoeeeneee. 825 625 0.2
Chlorobenzene...........cccoevvneee. 9.17 802 0.2
1,4-Dichlorobenzene................... 16.8 16.2 0.3
1,3-Dichlorobenzene................... 18.2 15.0 0.4
1,2-Dichlorobenzene................... 25.9 19.4 0.4

Column 1 conditions: Supelcoport (100/120 mesh) coated with 5% SP-1200/
1.75% Bentone-34 packed in a6 ft x 0.085 in. ID stainless steel
column with helium carrier gas at 36 mL/min flow rate. Column
temperature held at 50 [deg] C for 2 min then programmed at 6 [deg] C/
min to 90 [deg] C for afinal hold.

Column 2 conditions: Chromosorb W-AW (60/80 mesh) coated with 5% 1,2,3-
Tris(2-cyanoethyoxy)propane packed in a6 ft x 0.085 in. ID stainless
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steel column with helium carrier gas at 30 mL/min flow rate. Column
temperature held at 40 [deg] C for 2 min then programmed at 2 [deg]C/
min to 100 [deg] C for afinal hold.

Table 2--Calibration and QC Acceptance Criteria--Method 602 \a\

Limit for Rangefor X
RangeforQ s  ([microjg/ Rangefor

Parameter ([microlg/ ([microlg/ L) P, Ps(%)
L) L)

Benzene.........cocooevieie e 15.4-24.6 41 10.0-279 39-150
Chlorobenzene..........ccovevevnecinicinnereene 16.1-23.9 35 12.7-254 55-135
1,2-Dichlorobenzeng..........ccoceevevenvecveesesesieenens 13.6-26.4 58 10.6-276 37-1%4
1,3-Dichlorobenzeng.........cocoeevveveneeeeeieseseenens 14.5-25.5 50 128-255 50-141
1,4-Dichlorobenzeng..........ccceeerenerenererenesinienenns 13.9-26.1 55 11.6-255 42-143
Ethylbenzene........cccovvvvvervrvvseeeeeeeenn, 12.6-27.4 6.7 10.0-282 32-160
TOIUENE.....cceeeeee e 15.5-24.5 40 11.2-27.7 46-148

Q=Concentration measured in QC check sample, in [micro]g/L (Section 7.5.3).
s=Standard deviation of four recovery measurements, in [micro]g/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).

Ps, P=Percent recovery measured (Section 8.3.2, Section 8.4.2).

\a\ Criteria were calculated assuming a QC check sample concentration of 20 [micro]g/L.

Note: These criteria are based directly upon the method performance datain Table 3. Where necessary, the

limits for recovery have been broadened to assure applicability of the limits to concentrations below those
used to develop Table 3.

Table 3--Method Accuracy and Precision as Functions of Concentration--Method 602

Accuracy, as Singleanalyst  Overdll
Parameter recovery, X' precision, s precision, S
([micro]g/L) ([micro]g/L) ([micro]g/L)

BENZENE......veieeteeece e 0.92C+0.57 0.09X+0.59 0.21X+0.56
Chlorobenzene.........cceveececceeie e 0.95C+0.02 0.09X+0.23 0.17X+0.10
1,2-Dichlorobenzene.........ccccooceeveceeecciee i, 0.93C+0.52 0.17X-0.04 0.22X+0.53
1,3-Dichlorobenzeng.........c.cccveeveeeeveeceeiieeieenns 0.96C-0.05 0.15X-0.10 0.19X+0.09
1,4-Dichlorobenzeng.........coeeveveiveeieecenreeeesiesiens 0.93C-0.09 0.15X+0.28 0.20X+0.41
Ethylbenzene..........cccoveevrenneienreeseene 0.94C+0.31 0.17X+0.46 0.26X+0.23
TOIUENE.....eceeceecte e 0.94C+0.65 0.09X+0.48 0.18X+0.71

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in [micro]g/L.

S=Expected single analyst standard deviation of measurements at an average concentration found of X, in X
[micro]g/L.

S'=Expected interlaboratory standard deviation of measurements at an average concentration found of X, in
[micro]g/L.

C=True value for the Concentration, in [micro]g/L.

X=Average recovery found for measurements of samples containing a concentration of C, in [micro]g/L.
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Method 603--Acrolein and Acrylonitrile
1. Scope and Application
1.1 This method covers the determination of acrolein and

acrylonitrile. The following parameters may be determined by this
method:

STORET
Parameter No. CASNo.
ACIOlEN....ceciceeeece e 34210 107-02-8
Acrylonitrile.......cooecvveieniciennenne 34215 107-13-1

1.2 Thisisapurge and trap gas chromatographic (GC) method
applicable to the determination of the compounds listed above in
municipal and industrial discharges as provided under 40 CFR 136.1. When
this method is used to analyze unfamiliar samples for either or both of
the compounds above, compound identifications should be supported by at
least one additiona qualitative technique. This method describes
analytical conditions for a second gas chromatographic column that can
be used to confirm measurements made with the primary column. Method 624
provides gas chromatograph/mass spectrometer (GC/MS) conditions
appropriate for the qualitative and quantitative confirmation of results
for the parameters listed above, if used with the purge and trap
conditions described in this method.

1.3 The method detection limit (MDL, defined in Section 12.1) \1\
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for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix.

1.4 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of aternate test procedures under 40 CFR 136.4
and 136.5.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the operation of a purge and trap system and a
gas chromatograph and in the interpretation of gas chromatograms. Each
analyst must demonstrate the ability to generate acceptable results with
this method using the procedure described in Section 8.2.

2. Summary of Method

2.1 Aninert gasis bubbled through a 5-mL water sample contained in
a heated purging chamber. Acrolein and acrylonitrile are transferred
from the aqueous phase to the vapor phase. The vapor is swept through a
sorbent trap where the analytes are trapped. After the purgeis
completed, the trap is heated and backflushed with the inert gas to
desorb the compound onto a gas chromatographic column. The gas
chromatograph is temperature programmed to separate the analytes which
are then detected with a flame ionization detector. \2,3\

2.2 The method provides an optional gas chromatographic column that
may be helpful in resolving the compounds of interest from the
interferences that may occur.

3. Interferences

3.1 Impuritiesin the purge gas and organic compound outgassing from
the plumbing of the trap account for the mgjority of contamination
problems. The analytical system must be demonstrated to be free from
contamination under the conditions of the analysis by running laboratory
reagent blanks as described in Section 8.1.3. The use of non-Teflon
plastic tubing, non-Teflon thread sealants, or flow controllers with
rubber components in the purge and trap system should be avoided.

3.2 Samples can be contaminated by diffusion of volatile organics
through the septum seal into the sample during shipment and storage. A
field reagent blank prepared from reagent water and carried through the
sampling and handling protocol can serve as a check on such
contamination.

3.3 Contamination by carry-over can occur whenever high level and
low level samples are sequentially analyzed. To reduce carry-over, the
purging device and sample syringe must be rinsed between samples with
reagent water. Whenever an unusually concentrated sample is encountered,
it should be followed by an analysis of reagent water to check for cross
contamination. For samples containing large amounts of water-soluble
materials, suspended solids, high boiling compounds or high analyte
levels, it may be necessary to wash the purging device with a detergent
solution, rinse it with distilled water, and then dry it in an oven at
105 [deg] C between analyses. The trap and other parts of the system are
also subject to contamination, therefore, frequent bakeout and purging
of the entire system may be required.
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4. Safety

4.1 Thetoxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemical compound
should be treated as a potential health hazard. From this view point,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory isresponsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of material data handling sheets should also be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified \4,6\ for
the information of the analyst.

[[Page 91]]
5. Apparatus and Materials

5.1 Sampling equipment, for discrete sampling.

5.1.1 Via--25-mL capacity or larger, equipped with a screw cap with
aholein the center (Pierce <greek-i>13075 or equivalent). Detergent
wash, rinse with tap and distilled water, and dry at 105 [deg]C before
use.

5.1.2 Septum--Teflon-faced silicone (Pierce <greek-i>12722 or
equivalent). Detergent wash, rinse with tap and distilled water and dry
at 105 [deg]C for 1 h before use.

5.2 Purge and trap system--The purge and trap system consists of
three separate pieces of equipment: a purging device, trap, and
desorber. Several complete systems are now commercially available.

5.2.1 The purging device must be designed to accept 5-mL, samples
with awater column at least 3 cm deep. The gaseous head space between
the water column and the trap must have atotal volume of lessthan 15
mL. The purge gas must pass through the water column as finely divided
bubbles with a diameter of less than 3 mm at the origin. The purge gas
must be introduced no more than 5 mm from the base of the water column.
The purging device must be capable of being heated to 85 [deg] C within
3.0 min after transfer of the sample to the purging device and being
held at 85 <plus-minus<ls-thn-eq>2 [deg] C during the purge cycle. The
entire water column in the purging device must be heated. Design of this
modification to the standard purging device is optional, however, use of
awater bath is suggested.

5.2.1.1 Heating mantle--To be used to heat water bath.

5.2.1.2 Temperature controller--Equipped with thermocouple/sensor to
accurately control water bath temperature to <plus-minus<Is-thn-eq>2
[deg]C. The purging device illustrated in Figure 1 meets these design
criteria.

5.2.2 Thetrap must be at least 25 cm long and have an inside
diameter of at least 0.105 in. The trap must be packed to contain 1.0 cm
of methyl silicone coated packing (Section 6.5.2) and 23 cm of 2,6-
diphenylene oxide polymer (Section 6.5.1). The minimum specifications
for the trap areillustrated in Figure 2.

5.2.3 The desorber must be capable of rapidly heating the trap to
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180 [deg] C, The desorber illustrated in Figure 2 meets these design
criteria

5.2.4 The purge and trap system may be assembled as a separate unit
asillustrated in Figure 3 or be coupled to a gas chromatograph.

5.3 pH paper--Narrow pH range, about 3.5 to 5.5 (Fisher Scientific
Short Range Alkacid No. 2, <greek-i>14-837-2 or equivalent).

5.4 Gas chromatograph--An analytical system complete with a
temperature programmable gas chromatograph suitable for on-column
injection and all required accessories including syringes, analytical
columns, gases, detector, and strip-chart recorder. A data systemis
recommended for measuring peak areas.

5.4.1 Column 1--10 ft long x 2 mm ID glass or stainless stedl,
packed with Porapak-QS (80/200 mesh) or equivalent. This column was used
to develop the method performance statements in Section 12. Guidelines
for the use of alternate column packings are provided in Section 10.1.

5.4.2 Column 2--6 ft long x 0.1 in. ID glass or stainless steel,
packed with Chromosorb 101 (60/80 mesh) or equivalent.

5.4.3 Detector--Flame ionization detector. This type of detector has
proven effective in the analysis of wastewaters for the parameters
listed in the scope (Section 1.1), and was used to devel op the method
performance statements in Section 12. Guidelines for the use of
alternate detectors are provided in Section 10.1.

5.5 Syringes--5-mL, glass hypodermic with Luerlok tip (two each).

5.6 Micro syringes--25-[micro]L, 0.006 in. ID needle.

5.7 Syringe valve--2-way, with Luer ends (three each).

5.8 Bottle--15-mL, screw-cap, with Teflon cap liner.

5.9 Balance--Analytical, capable of accurately weighing 0.0001 g.

6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.1.1 Reagent water can be generated by passing tap water through a
carbon filter bed containing about 1 Ib of activated carbon (Filtrasorb-
300, Calgon Corp., or equivalent).

6.1.2 A water purification system (Millipore Super-Q or equivalent)
may be used to generate reagent water.

6.1.3 Regent water may also be prepared by boiling water for 15 min.
Subsequently, while maintaining the temperature at 90 [deg] C, bubble a
contaminant-free inert gas through the water for 1 h. While still hot,
transfer the water to a narrow mouth screw-cap bottle and seal with a
Teflon-lined septum and cap.

6.2 Sodium thiosulfate--(ACS) Granular.

6.3 Sodium hydroxide solution (10 N)--Dissolve 40 g of NaOH (ACS) in
reagent water and dilute to 100 mL.

6.4 Hydrochloric acid (1+1)--Slowly, add 50 mL of concentrated HCI
(ACS) to 50 mL of reagent water.

6.5 Trap Materias:

6.5.1 2,6-Diphenylene oxide polymer--Tenax (60/80 mesh),
chromatographic grade or equivalent.

6.5.2 Methy! silicone packing--3% OV -1 on Chromosorb-W (60/80 mesh)
or equivalent.
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6.6 Stock standard solutions--Stock standard solutions may be
prepared from pure standard materials or purchased as certified
solutions. Prepare stock standard solutions in reagent water using
assayed liquids. Since acrolein and acrylonitrile are lachrymators,
primary dilutions of these compounds should be prepared in ahood. A
NIOSH/MESA approved toxic gas respirator should be used when the analyst
handles high concentrations of such materials.

6.6.1 Place about 9.8 mL of reagent water into a 10-mL ground glass
stoppered volumetric flask. For acrolein standards the reagent water
must be adjusted to pH 4 to 5. Weight the flask to the nearest 0.1 mg.

6.6.2 Using a 100-[micro]L syringe, immediately add two or more
drops of assayed reference material to the flask, then reweigh. Be sure
that the drops fall directly into the water without contacting the neck
of the flask.

6.6.3 Reweigh, dilute to volume, stopper, then mix by inverting the
flask several times. Calculate the concentration in [micro]g/[micro]L
from the net gain in weight. When compound purity is assayed to be 96%
or greater, the weight can be used without correction to calculate the
concentration of the stock staldard. Optionally, stock standard
solutions may be prepared using the pure standard material by
volumetrically measuring the appropriate amounts and determining the
weight of the materia using the density of the material. Commercially
prepared stock standards may be used at any concentration if they are
certified by the manufactaurer or by an independent source.

6.6.4 Transfer the stock standard solution into a Teflon-sealed
screw-cap bottle. Store at 4 [deg]C and protect from light.

6.6.5 Prepare fresh standards daily.

6.7 Secondary dilution standards--Using stock standard solutions,
prepare secondary dilution standards in reagent water that contain the
compounds of interest, either singly or mixed together. The secondary
dilution standards should be prepared at concentrations such that the
aqueous calibration standards prepared in Section 7.3.1 or 7.4.1 will
bracket the working range of the analytical system. Secondary dilution
standards should be prepared daily and stored at 4 [deg]C.

6.8 Quality control check sample concentrate--See Section 8.2.1.

7. Calibration

7.1 Assemble a purge and trap system that meets the specifications
in Section 5.2. Condition the trap overnight at 180 [deg] C by
backflushing with an inert gas flow of at least 20 mL/min. Condition the
trap for 10 min once daily prior to use.

7.2 Connect the purge and trap system to a gas chromatograph. The
gas chromatograph must be operated using temperature and flow rate
conditions equivalent to those given in Table 1. Calibrate the purge and
trap-gas chromatographic system using either the external standard
technique (Section 7.3) or the internal standard technique (Section
7.4).

7.3 External standard calibration procedure:

7.3.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter by carefully adding 20.0
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[micro]L of one or more secondary dilution standards to 100, 500, or
1000 mL of reagent water. A 25-[micro]L syringe with a0.006 in. ID
needle should be used for this operation. One of the external standards
should be at a concentration near, but above, the MDL and the other
concentrations should correspond to the expected range of concentrations
found in real samples or should define the working range of the
detector. These standards must be prepared fresh daily.

7.3.2 Analyze each calibration standard according to Section 10, and
tabulate peak height or area responses versus the concentration of the
standard. The results can be used to prepare a calibration curve for
each compound. Alternatively, if theratio of response to concentration
(calibration factor) is a constant over the working range (< 10%
relative standard deviation, RSD), linearity through the origin can be
assumed and the average ratio or calibration factor can be used in place
of acalibration curve.

7.4 Internal standard calibration procedure--To use this approach,
the analyst must select one or more internal standards that are similar
in analytical behavior to the compounds of interest. The analyst must
further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these
limitations, no internal standard can be suggested that is applicable to
all samples.

7.4.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest as described in
Section 7.3.1.

7.4.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Sections 6.6 and 6.7. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 [micro]g/mL of each internal standard compound. The
addition of 10 [micro]L of this standard to 5.0 mL of sample or
calibration standard would be equivalent to 30 [micro]g/L.

7.4.3 Analyze each calibration standard according to Section 10,
adding 10 [micro]L of internal standard spiking solution directly to the
syringe (Section 10.4). Tabulate peak height or area responses against
concentration for each compound and internal standard, and calculate
response factors (RF) for each compound using Equation 1.

RF = (A<INF>s</INF>)(C<INF>is</INF> (A<INF>is</INF>)(C<INF>s</INF>)

Equation 1
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where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard.
C<INF>s</INF>=Concentration of the parameter to be measured.

If the RF value over the working range is a constant (<10% RSD), the RF
can be assumed to be invariant and the average RF can be used for
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calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.5 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of a QC check sample.

7.5.1 Prepare the QC check sample as described in Section 8.2.2.

7.5.2 Analyze the QC check sample according to Section 10.

7.5.3 For each parameter, compare the response (Q) with the
corresponding calibration acceptance criteriafound in Table 2. If the
responses for al parameters of interest fall within the designated
ranges, analysis of actual samples can begin. If any individual Q falls
outside the range, a new calibration curve, calibration factor, or RF
must be prepared for that parameter according to Section 7.3 or 7.4.

8. Quality Control

8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samplesto evaluate and document data
quality. The laboratory must maintain records to document the quality of
data that is generated. Ongoing data quality checks are compared with
established performance criteriato determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikesindicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision with this
method. This ability is established as described in Section 8.2.

8.1.2 In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options (detailed in
Section 10.1) to improve the separations or lower the cost of
measurements. Each time such a modification is made to the method, the
analyst is required to repeat the procedure in Section 8.2.

8.1.3 Each day, the analyst must analyze a reagent water blank to
demonstrate that interferences from the analytical system are under
control.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samples to monitor and evaluate laboratory data
quality. This procedureis described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analysesis equivaent
to 10% of all samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of datathat is generated. This procedureis described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.2.1 A quality control (QC) check sample concentrate is required
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containing each parameter of interest at a concentration of 25 [micro]g/

mL in reagent water. The QC check sample concentrate must be obtained
from the U.S. Environmental Protection Agency, Environmental Monitoring
and Support Laboratory in Cincinnati, Ohio, if available. If not

available from that source, the QC check sample concentrate must be
obtained from another external source. If not available from either

source above, the QC check sample concentrate must be prepared by the
laboratory using stock standards prepared independently from those used
for calibration.

8.2.2 Prepare a QC check sample to contain 50 [micro]g/L of each
parameter by adding 200 [micro]L of QC check sample concentrate to 100
mL of reagent water.

8.2.3 Analyze four 5-mL aiquots of the well-mixed QC check sample
according to Section 10.

8.2.4 Calculate the average recovery (X) in [micro]g/L, and the
standard deviation of the recovery (s) in [micro]g/L, for each parameter
using the four results.

8.2.5 For each parameter compare s and X with the corresponding
acceptance criteriafor precision and accuracy, respectively, found in
Table 3. If sand X for all parameters of interest meet the acceptance
criteria, the system performance is acceptable and analysis of actual
samples can begin. If either s exceeds the precision limit or X falls
outside the range for accuracy, the system performance is unacceptable
for that parameter. Locate and correct the source of the problem and
repeat the test for each compound of interest.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to
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ten samples per month, at least one spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:

8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against alimit specific to that parameter, the
spike should be at 50 [micro]g/L or 1 to 5 times higher than the
background concentration determined in Section 8.3.2, whichever
concentration would be larger.

8.3.2 Analyze one 5-mL sample aiquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second 5-mL sample aliquot with 10
[micro]L of the QC check sample concentrate and analyze it to determine
the concentration after spiking (A) of each parameter. Calculate each
percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
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corresponding QC acceptance criteriafound in Table 3. These acceptance
criteriawere cal culated to include an allowance for error in

measurement of both the background and spike concentrations, assuming a
spike to background ratio of 5:1. This error will be accounted for to

the extent that the analyst's spike to background ratio approaches 5:1.

\7\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
Section 8.3, a QC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory.

8.4.1 Prepare the QC check standard by adding 10 [micro]L of QC
check sample concentrate (Section 8.2.1 or 8.3.2) to 5 mL of reagent
water. The QC check standard needs only to contain the parameters that
failed criteriain the test in Section 8.3.

8.4.2 Analyze the QC check standard to determine the concentration
measured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T isthe true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
3. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter isjudged to be out of control, and the problem must be
immediately identified and corrected. The anaytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P) and the standard deviation of
the percent recovery (s<INF>p</INF>). Express the accuracy assessment as
a percent recovery interval from P-2s<INF>p</INF> to P+2s<INF>p</INF>.
If P=90% and s<INF>p</INF>=10%, for example, the accuracy interval is
expressed as 70-110%. Update the accuracy assessment for each parameter
on aregular basis (e.g. after each five to ten new accuracy
measurements).

8.6 It isrecommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
nature of the samples. Field duplicates may be analyzed to assess the
precision of the environmental measurements. When doubt exists over the
identification of apeak on the chromatogram, confirmatory techniques
such as gas chromatography with a dissimilar column or mass spectrometer
must be used. Whenever possible, the laboratory should anayze standard
reference materials and participate in relevant performance evaluation
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studies.
9. Sample Collection, Preservation, and Handling

9.1 All samples must be iced or refrigerated from the time of
collection until analysis. If the sample contains free or combined
chlorine, add sodium thiosulfate preservative (10 mg/40 mL is sufficient
for up to 5 ppm CI<INF>2</INF>) to the empty sample bottle just prior to
shipping to the sampling site. EPA Methods 330.4 and 330.5 may be used
for measurement of residual chlorine. \8\ Field test kits are available
for this purpose.

9.2 If acrolein isto be analyzed, collect about 500 mL of samplein
aclean glass container. Adjust the pH of the sampleto 4 to 5 using
acid or base, measuring with narrow range pH paper. Samples for acrolein
analysis receiving no pH adjustment must be analyzed within 3 days of
sampling.

9.3 Grab samples must be collected in glass containers having a
total volume of at
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least 25 mL. Fill the sample bottle just to overflowing in such a manner
that no air bubbles pass through the sample as the bottle is being
filled. Seal the bottle so that no air bubbles are entrapped in it. If
preservative has been added, shake vigorously for 1 min. Maintain the
hermetic seal on the sample bottle until time of analysis.

9.4 All samples must be analyzed within 14 days of collection. \3\

10. Procedure

10.1 Table 1 summarizes the recommended operating conditions for the
gas chromatograph. Included in this table are estimated retention times
and MDL that can be achieved under these conditions. An example of the
separations achieved by Column 1 is shown in Figure 5. Other packed
columns, chromatographic conditions, or detectors may be used if the
requirements of Section 8.2 are met.

10.2 Calibrate the system daily as described in Section 7.

10.3 Adjust the purge gas (nitrogen or helium) flow rate to 20 mL-
min. Attach the trap inlet to the purging device, and set the purge and
trap system to purge (Figure 3). Open the syringe valve located on the
purging device sample introduction needle.

10.4 Remove the plunger from a5-mL syringe and attach a closed
syringe valve. Open the sample bottle (or standard) and carefully pour
the sample into the syringe barrel to just short of overflowing. Replace
the syringe plunger and compress the sample. Open the syringe valve and
vent any residual air while adjusting the sample volume to 5.0 mL. Since
this process of taking an aliquot destroys the validity of the sample
for future analysis, the analyst should fill a second syringe at this
time to protect against possible loss of data. Add 10.0 [micro]L of the
internal standard spiking solution (Section 7.4.2), if applicable,
through the valve bore then close the valve.

10.5 Attach the syringe-syringe valve assembly to the syringe valve
on the purging device. Open the syringe valves and inject the sample
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into the purging chamber.

10.6 Close both valves and purge the sample for 15.0 <plus-
minus<ls-thn-eg>0.1 min while heating at 85 <plus-minus<ls-thn-eq>2
[deg]C.

10.7 After the 15-min purge time, attach the trap to the
chromatograph, adjust the purge and trap system to the desorb mode
(Figure 4), and begin to temperature program the gas chromatograph.
Introduce the trapped materials to the GC column by rapidly heating the
trap to 180 [deg] C while backflushing the trap with an inert gas between
20 and 60 mL/min for 1.5 min.

10.8 While the trap is being desorbed into the gas chromatograph,
empty the purging chamber using the sample introduction syringe. Wash
the chamber with two 5-mL flushes of reagent water.

10.9 After desorbing the sample for 1.5 min, recondition the trap by
returning the purge and trap system to the purge mode. Wait 15 sthen
close the syringe valve on the purging device to begin gas flow through
the trap. The trap temperature should be maintained at 210 [deg]C. After
approximately 7 min, turn off the trap heater and open the syringe valve
to stop the gas flow through the trap. When the trap is cool, the next
sample can be analyzed.

10.10 Identify the parametersin the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaksin standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for a compound
can be used to calculate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

11. Calculations

11.1 Determine the concentration of individual compounds in the
sample.

11.1.1 If the external standard calibration procedure is used,
calculate the concentration of the parameter being measured from the
peak response using the calibration curve or calibration factor
determined in Section 7.3.2.

11.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.4.3 and Equation 2.

[GRAPHIC] [TIFF OMITTED] TC15N091.097

Equation 2
where:
A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the interna standard.
C<INF>is</INF>=Concentration of the internal standard.

11.2 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.
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12. Method Performance

12.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \1\ The MDL concentrations
listed in Table 1 were obtained using reagent water. \9\ The MDL
actually achieved in agiven analysis will vary depending on instrument
sensitivity and matrix effects.
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12.2 This method is recommended for the concentration range from the
MDL to 1,000xMDL. Direct aqueous injection techniques should be used to
measure concentration levels above 1,000xMDL.

12.3 Inasingle laboratory (Battelle-Columbus), the average
recoveries and standard deviations presented in Table 2 were obtained.

\9\ Seven replicate samples were analyzed at each spike level.
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Table 1--Chromatographic Conditions and Method Detection Limits
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Columnl1l Column2 ([micro]g/

L)
Acrolein........cccceecinene. 10.6 8.2 0.7
Acrylonitrile........c.ccooerenene 12.7 9.8 0.5

Column 1 conditions: Porapak-QS (80/100 mesh) packed in a10 ft x 2 mm
ID glass or stainless steel column with helium carrier gasat 30 mL/
min flow rate. Column temperature held isothermal at 110 [deg]C for
1.5 min (during desorption), then heated as rapidly as possible to 150
[deg]C and held for 20 min; column bakeout at 190 [deg]C for 10 min.
\9\

Column 2 conditions: Chromosorb 101 (60/80 mesh) packed in a 6 ft. x 0.1
in. ID glass or stainless steel column with helium carrier gas at 40
mL/min flow rate. Column temperature held isothermal at 80 [deg]C for
4 min, then programmed at 50 [deg] C/min to 120 [deg]C and held for 12
min.

Table 2--Single Laboratory Accuracy and Precision--Method 603

Spike  Average Standard
Sample conc. recovery deviation Average
Parameter matrix ([micro]g/ ([micro]g/ ([micro]g/ percent
L) L) L) recovery

ACTOlEIN....eicee e RW 5.0 5.2 0.2 104
RW 50.0 51.4 0.7 103
POTW 5.0 4.0 0.2 80
POTW 50.0 44.4 0.8 89
W 50 0.1 0.1 2
IwW  100.0 9.3 11 9
Acrylonitrile........ooeeveeienrceeeee RW 5.0 4.2 0.2 84
RW 50.0 514 15 103
POTW  20.0 20.1 0.8 100
POTW  100.0 101.3 15 101
W 10.0 9.1 0.8 91
IW  100.0 104.0 32 104

ARW=Reagent water.
APOTW=Prechlorination secondary effluent from a municipal sewage treatment plant.
AlW=Industrial wastewater containing an unidentified acrolein reactant.

Table 3--Calibration and QC Acceptance Criteria--Method 603 \a\

Limit for
RangeforQ S Rangefor X Rangefor
Parameter ([micro]lg/ ([micro]g/ ([micro]g/ P, Ps (%)
L) L) L)
ACTOIBIN.....eceeceese e 45.9-54.1 46 429-60.1 88-118
ACTYIONItIE.....oicieee e 41.2-58.8 99 331-699 71-135
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\a\=Criteria were calculated assuming a QC check sample concentration of 50 [micro]g/L. \9\
Q=Concentration measured in QC check sample, in [micro]g/L (Section 7.5.3).
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s=Standard deviation of four recovery measurements, in [micro]g/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).

P, Ps=Percent recovery measured (Section 8.3.2, Section 8.4.2).

[GRAPHIC] [TIFF OMITTED] TC02JY 92.008
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Method 604--Phenols
1. Scope and Application
1.1 This method covers the determination of phenol and certain

substituted phenols. The following parameters may be determined by this
method:

STORET

Parameter No. CASNo.
4-Chloro-3-methylphenal.........c.cccccceeneee 34452  59-50-7
2--Chlorophenol.........coccoevveenncenens 34586  95-57-8
2,4-Dichlorophenal.........cccccovvevieennnee. 34601 120-83-2
2,4-Dimethylphenol.........ccccovverrennene 34606 105-67-9
2,4-Dinitrophenol.........cccoovoiveincnnne 34616 51-28-5
2-Methyl-4,6-dinitrophenal....................... 34657 534-52-1
2-Nitrophenol.........ccccoeenreenrnenens 345901 88-75-5
4-Nitrophenol.........ccccvoereinrnciennenn 34646 100-02-7
Pentachlorophenol...........c.coeeeveieinenne. 39032 87-86-5
Phenol.......cccoovvnnccceccee 34694 108-95-2
2,4,6-Trichlorophenal...........cccccervueuence 34621 88-06-2
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1.2 Thisisaflameionization detector gas chromatographic (FIDGC)
method applicable to the determination of the compounds listed abovein
municipa and industria discharges as provided under 40 CFR 136.1. When
this method is used to analyze unfamiliar samplesfor any or all of the
compounds above, compound identifications should be supported by at
least one additional qualitative technique. This method describes
analytical conditionsfor derivatization, cleanup, and electron capture
detector gas chromatography (ECDGC) that can be used to confirm
measurements made by FIDGC. Method 625 provides gas chromatograph/mass
spectrometer (GC/MS) conditions appropriate for the qualitative and
quantitative confirmation of results for all of the parameterslisted
above, using the extract produced by this method.

1.3 The method detection limit (MDL, defined in Section 14.1) \1\
for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix. The MDL listed in Table 1 for each
parameter was achieved with a flame ionization detector (FID). The MDLs
that were achieved when the derivatization cleanup and electron capture
detector (ECD) were employed are presented in Table 2.
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1.4 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of alternate test procedures under 40 CFR 136.4
and 136.5.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the use of a gas chromatograph and in the
interpretation of gas chromatograms. Each analyst must demonstrate the
ability to generate acceptable results with this method using the
procedure described in Section 8.2.

2. Summary of Method

2.1 A measured volume of sample, approximately 1-L, is acidified and
extracted with methylene chloride using a separatory funnel. The
methylene chloride extract is dried and exchanged to 2-propanol during
concentration to avolume of 10 mL or less. The extract is separated by
gas chromatography and the phenols are then measured with an FID. \2\

2.2 A preliminary sample wash under basic conditions can be employed
for samples having high general organic and organic base interferences.

2.3 The method also provides for a derivatization and column
chromatography cleanup procedure to aid in the elimination of
interferences. \2,3\ The derivatives are analyzed by ECDGC.

3. Interferences

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms. Al
of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
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reagent blanks as described in Section 8.1.3.

3.1.1 Glassware must be scrupulously cleaned. \4\ Clean all
glassware as soon as possible after use by rinsing with the last solvent
used in it. Solvent rinsing should be followed by detergent washing with
hot water, and rinses with tap water and distilled water. The glassware
should then be drained dry, and heated in a muffle furnace at 400 [deg]C
for 15 to 30 min. Some thermally stable materials, such as PCBs, may not
be eliminated by this treatment. Solvent rinses with acetone and
pesticide quality hexane may be substituted for the muffle furnace
heating. Thorough rinsing with such solvents usually eliminates PCB
interference. Volumetric ware should not be heated in a muffle furnace.
After drying and cooling, glassware should be sealed and stored in a
clean environment to prevent any accumulation of dust or other
contaminants. Store inverted or capped with aluminum foil.

3.1.2 The use of high purity reagents and solvents helps to minimize
interference problems. Purification of solvents by distillation in all-
glass systems may be required.

3.2 Matrix interferences may be caused by contaminants that are
coextracted from the sample. The extent of matrix interferences will
vary considerably from source to source, depending upon the nature and
diversity of the industrial complex or municipality being sampled. The
derivatization cleanup procedurein Section 12 can be used to overcome
many of these interferences, but unique samples may require additional
cleanup approaches to achieve the MDL listed in Tables 1 and 2.

3.3 The basic sample wash (Section 10.2) may cause significantly
reduced recovery of phenol and 2,4-dimethylphenol. The analyst must
recognize that results obtained under these conditions are minimum
concentrations.

4. Safety

4.1 The toxicity or carcinogenicity of each reagent used in this
mothod has not been precisely defined; however, each chemical compound
should be treated as a potential health hazard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of materia data handling sheets should also be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified \5,7\ for
the information of analyst.

4.2 Special care should be taken in handling pentafluorobenzyl
bromide, which is alachrymator, and 18-crown-6-ether, which is highly
toxic.

5. Apparatus and Materials

5.1 Sampling equipment, for discrete or composite sampling.

5.1.1 Grab sample bottle--1-L or 1-gt, amber glass, fitted with a
screw cap lined with Teflon. Foil may be substituted for Teflon if the
sampleis not corrosive. If amber bottles are not available, protect
samples from light. The bottle and cap liner must be washed, rinsed with
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acetone or methylene chloride, and dried before use to minimize
contamination.

5.1.2 Automatic sampler (optional)--The sampler must incorporate
glass sample containers for the collection of a minimum of 250 mL of
sample. Sample containers must be kept refrigerated at 4 [deg]C and
protected from light during compositing. If the sampler uses a
peristaltic pump, aminimum length of compressible silicone rubber
tubing may be
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used. Before use, however, the compressible tubing should be thoroughly
rinsed with methanol, followed by repeated rinsings with distilled water
to minimize the potential for contamination of the sample. An

integrating flow meter is required to collect flow proportional
composites.

5.2 Glassware (All specifications are suggested. Catalog numbers are
included for illustration only.):

5.2.1 Separatory funnel--2-L, with Teflon stopcock.

5.2.2 Drying column--Chromatographic column, 400 mm long x 19 mm ID,
with coarse frit filter disc.

5.2.3 Chromatographic column--100 mm long x 10 mm ID, with Teflon
stopcock.

5.2.4 Concentrator tube, Kuderna-Danish--10-mL, graduated (Kontes K -
570050-1025 or equivalent). Calibration must be checked at the volumes
employed in the test. Ground glass stopper is used to prevent
evaporation of extracts.

5.2.5 Evaporative flask, Kuderna-Danish--500-mL (Kontes K-570001-
0500 or equivalent). Attach to concentrator tube with springs.

5.2.6 Snyder column, Kuderna-Danish--Three-ball macro (Kontes K-
503000-0121 or equivalent).

5.2.7 Snyder column, Kuderna-Danish--Two-ball micro (Kontes K-
569001-0219 or equivalent).

5.2.8 Vials--10 to 15-mL, amber glass, with Teflon-lined screw cap.

5.2.9 Reaction flask--15 to 25-mL round bottom flask, with standard
tapered joint, fitted with awater-cooled condenser and U-shaped drying
tube containing granular calcium chloride.

5.3 Boiling chips--Approximately 10/40 mesh. Heat to 400 [deg]C for
30 min or Soxhlet extract with methylene chloride.

5.4 Water bath--Heated, with concentric ring cover, capable of
temperature control (<plus-minus<ls-thn-eq>2[deg]C). The bath should be
used in ahood.

5.5 Balance--Analytical, capable of accurately weighting 0.0001 g.

5.6 Gas chromatograph--An analytical system complete with a
temperature programmabl e gas chromatograph suitable for on-column
injection and all required accessories including syringes, analytical
columns, gases, detector, and strip-chart recorder. A data systemis
recommended for measuring peak areas.

5.6.1 Column for underivatized phenols--1.8 m long x 2 mm ID glass,
packed with 1% SP-1240DA on Supel coport (80/100 mesh) or equivalent.
This column was used to develop the method performance statementsin
Section 14. Guidelines for the use of alternate column packings are
provided in Section 11.1.
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5.6.2 Column for derivatized phenols--1.8 mlong x 2 mm ID glass,
packed with 5% OV-17 on Chromosorb W-AW-DMCS (80/100 mesh) or
equivalent. This column has proven effective in the analysis of
wastewaters for derivatization products of the parameters listed in the
scope (Section 1.1), and was used to devel op the method performance
statements in Section 14. Guidelines for the use of alternate column
packings are provided in Section 11.1.

5.6.3 Detectors--Flame ionization and electron capture detectors.

The FID is used when determining the parent phenols. The ECD is used
when determining the derivatized phenols. Guidelines for the use of
alternatve detectors are provided in Section 11.1.

6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.2 Sodium hydroxide solution (10 N)--Dissolve 40 g of NaOH (ACS) in
reagent water and dilute to 100 mL.

6.3 Sodium hydroxide solution (1 N)--Dissolve 4 g of NaOH (ACS) in
reagent water and dilute to 100 mL.

6.4 Sodium sulfate--(ACS) Granular, anhydrous. Purify by heating at
400[deg]C for 4 hiin ashallow tray.

6.5 Sodium thiosulfate--(ACS) Granular.

6.6 Sulfuric acid (1+1)--Slowly, add 50 mL of
H<INF>2</INF>SO<INF>4</INF> (ACS, sp. gr. 1.84) to 50 mL of reagent
water.

6.7 Sulfuric acid (1 N)--Slowly, add 58 mL of
H<INF>2</INF>SO<INF>4</INF> (ACS, sp. gr. 1.84) to reagent water and
diluteto 1 L.

6.8 Potassium carbonate--(ACS) Powdered.

6.9 Pentafluorobenzy! bromide ([a pha]-Bromopentafluorotol uene)--97%
minimum purity.

Note: This chemical isalachrymator. (See Section 4.2.)

6.10 18-crown-6-ether (1,4,7,10,13,16-Hexaoxacyclooctadecane)--98%
minimum purity.

Note: This chemical is highly toxic.

6.11 Derivatization reagent--Add 1 mL of pentafluorobenzyl bromide
and 1 g of 18-crown-6-ether to a 50-mL volumetric flask and dilute to
volume with 2-propanol. Prepare fresh weekly. This operation should be
carried out in ahood. Store at 4 [deg]C and protect from light.

6.12 Acetone, hexane, methanol, methylene chloride, 2-propanol,
toluene--Pesticide quality or equivalent.

6.13 Silica gel--100/200 mesh, Davison, grade-923 or equivalent.
Activate at 130 [deg]C overnight and store in adesiccator.

6.14 Stock standard solutions (1.00 [micro]g/[micro]L)--Stock
standard solutions may be prepared from pure standard materials or
purchased as certified solutions.

6.14.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure material. Dissolve the material in 2-propanol
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and dilute to volumein a 10-mL volumetric flask. Larger volumes can be
file:////Questa/wi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (107 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

used at the convenience of the analyst. When compound purity is assayed
to be 96% or greater, the weight can be used without correction to
calculate the concentration of the stock standard. Commercially prepared
stock standards can be used at any concentration if they are certified

by the manufacturer or by an independent source.

6.14.2 Transfer the stock standard solutionsinto Teflon-sealed
screw-cap bottles. Store at 4 [deg]C and protect from light. Stock
standard solutions should be checked frequently for signs of degradation
or evaporation, especialy just prior to preparing calibration standards
from them.

6.14.3 Stock standard solutions must be replaced after six months,
or sooner if comparison with check standards indicates a problem.

6.15 Quiality control check sample concentrate--See Section 8.2.1.

7. Calibration

7.1 To calibrate the FIDGC for the anaylsis of underivatized
phenoals, establish gas chromatographic operating conditions equival ent
to those given in Table 1. The gas chromatographic system can be
calibrated using the external standard technique (Section 7.2) or the
internal standard technique (Section 7.3).

7.2 External standard calibration procedure for FIDGC:

7.2.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to avolumetric flask and diluting to volume
with 2-propanol. One of the external standards should be at a
concentration near, but above, the MDL (Table 1) and the other
concentrations should correspond to the expected range of concentrations
found in real samples or should define the working range of the
detector.

7.2.2 Using injections of 2to 5 [micro]l, analyze each calibration
standard according to Section 11 and tabulate peak height or area
responses against the mass injected. The results can be used to prepare
acalibration curve for each compound. Alternatively, if the ratio of
response to amount injected (calibration factor) is a constant over the
working range (<10% relative standard deviation, RSD), linearity through
the origin can be assumed and the average ratio or calibration factor
can be used in place of a calibration curve.

7.3 Internal standard calibration procedure for FIDGC--To use this
approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The
analyst must further demonstrate that the measurement of the internal
standard is not affected by method or matrix interferences. Because of
these limitations, no internal standard can be suggested that is
applicable to all samples.

7.3.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to avolumetric flask. To each calibration
standard, add a known constant amount of one or more internal standards,
and dilute to volume with 2-propanol. One of the standards should be at
aconcentration near, but above, the MDL and the other concentrations
should correspond to the expected range of concentrations found in real
samples or should define the working range of the detector.
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7.3.2 Using injections of 2to 5 [micro]L, analyze each calibration
standard according to Section 11 and tabulate peak height or area
responses against concentration for each compound and internal standard.
Calculate response factors (RF) for each compound using Equation 1.

RF = (A<INF>s</INF>)(C<INF>is</INF> (A<INF>is</INF>)(C<INF>s</INF>)
Equation 1

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard ([micro]g/L).

C<INF>s</INF>=Concentration of the parameter to be measured ([micro]g/
L).

If the RF value over the working range is a constant (<10% RSD), the
RF can be assumed to be invariant and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.4 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of one or more
calibration standards. If the response for any parameter varies from the
predicted response by more than <plus-minus<Is-thn-eq>15%, a new
calibration curve must be prepared for that compound.

7.5 To calibrate the ECDGC for the analysis of phenol derivatives,
establish gas chromatographic operating conditions equivalent to those
givenin Table 2.

7.5.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flask and diluting to volume
with 2-propanol. One of the external standards should be at a
concentration near, but above, the MDL (Table 2) and the other
concentrations should correspond to the expected range of concentrations
found in real samples or should define the working range of the
detector.
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7.5.2 Each time samples are to be derivatized, simultaneously treat
al-mL aliquot of each calibration standard as described in Section 12.
7.5.3 After derivatization, analyze 2 to 5 [micro]L of each column
eluate collected according to the method beginning in Section 12.8 and
tabulate peak height or area responses against the calculated equivalent

mass of underivatized phenol injected. The results can be used to
prepare a calibration curve for each compound.

7.6 Before using any cleanup procedure, the analyst must process a
series of calibration standards through the procedure to validate
elution patterns and the absence of interferences from the reagents.

8. Quality Control
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8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samples to evaluate and document data
quality. The laboratory must maintain records to document the quality of
datathat is generated. Ongoing data quality checks are compared with
established performance criteriato determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision with this
method. This ability is established as described in Section 8.2.

8.1.2 In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options (detailed in
Sections 10.6 and 11.1) to improve the separations or lower the cost of
measurements. Each time such a modification is made to the method, the
analyst is required to repeat the procedure in Section 8.2.

8.1.3 Before processing any samples the analyst must analyze a
reagent water blank to demonstrate that interferences from the
analytical system and glassware are under control. Each time a set of
samplesis extracted or reagents are changed a reagent water blank must
be processed as a safeguard against |aboratory contamination.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samplesto monitor and evaluate laboratory data
quality. This procedure is described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analysesis equivalent
to 10% of al samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of datathat is generated. This procedureis described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.2.1 A quality control (QC) check sample concentrateis required
containing each parameter of interest at a concentration of 100
[microlg/mL in 2-propanol. The QC check sample concentrate must be
obtained from the U.S. Environmental Protection Agency, Environmental
Monitoring and Support Laboratory in Cincinnati, Ohio, if available. If
not available from that source, the QC check sample concentrate must be
obtained from another external source. If not available from either
source above, the QC check sample concentrate must be prepared by the
laboratory using stock standards prepared independently from those used
for caibration.

8.2.2 Using a pipet, prepare QC check samples at a concentration of
100 [micro]g/L by adding 1.00 mL of QC check sample concentrate to each
of four 1-L aliquots of reagent water.

8.2.3 Analyze the well-mixed QC check samples according to the
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method beginning in Section 10.

8.2.4 Calculate the average recovery (X) in [micro]g/L, and the
standard deviation of the recovery (s) in [micro]g/L, for each parameter
using the four results.

8.2.5 For each parameter compare s and X with the corresponding
acceptance criteriafor precision and accuracy, respectively, found in
Table 3. If sand X for all parameters of interest meet the acceptance
criteria, the system performance is acceptable and analysis of actual
samples can begin. If any individual s exceeds the precision limit or
any individual X falls outside the range for accuracy, the system
performance is unacceptable for that parameter.

Note: The large number of parametersin Talbe 3 present a
substantial probability that one or more will fail at least one of the
acceptance criteriawhen all parameters are analyzed.

8.2.6 When one or more of the parameters tested fail at least one of
the acceptance criteria, the analyst must proceed according to Section
8.2.6.10r 8.2.6.2.

8.2.6.1 Locate and correct the source of the problem and repeat the
test for al parameters of interest beginning with Section 8.2.2.

8.2.6.2 Beginning with Section 8.2.2, repeat the test only for those
parameters that failed to meet criteria. Repeated failure, however, will
confirm ageneral problem
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with the measurement system. If this occurs, locate and correct the
source of the problem and repeat the test for all compounds of interest
beginning with Section 8.2.2.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to ten samples per month, at |east one
spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:

8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against alimit specific to that parameter, the
spike should be at 100 [micro]g/L or 1 to 5 times higher than the
background concentration determined in Section 8.3.2, whichever
concentration would be larger.

8.3.1.3 If it isimpractical to determine background levels before
spiking (e.g., maximum holding times will be exceeded), the spike
concentration should be (1) the regulatory concentration limit, if any,
or, if none, (2) the larger of either 5 times higher than the expected
background concentration or 100 [micro]g/L.

8.3.2 Analyze one sample aliquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second sample aliquot with 1.0 mL

file:////Questa/wipp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (111 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

of the QC check sample concentrate and analyze it to determine the
concentration after spiking (A) of each parameter. Calculate each

percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
corresponding QC acceptance criteria found in Table 3. These acceptance
criteriawere calculated to include an allowance for error in
measurement of both the background and spike concentrations, assuming a
spike to background ratio of 5:1. This error will be accounted for to
the extent that the analyst's spike to background ratio approaches 5:1.

\8\ If spiking was performed at a concentration lower than 100 [micro]g/
L, the analyst must use either the QC acceptance criteriain Table 3, or
optional QC acceptance criteria calculated for the specific spike
concentration. To calculate optional acceptance criteriafor the

recovery of aparameter: (1) Calculate accuracy (X') using the equation
in Table 4, substituting the spike concentration (T) for C; (2)

calculate overall precision (S) using the equation in Table 4,
substituting X' for X; (3) calculate the range for recovery at the spike
concentration as (100 X'/T)<plus-minus<ls-thn-eq>2.44(100 S/T)%. \8\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
Section 8.3, aQC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory.

8.4.1 Prepare the QC check standard by adding 1.0 mL of QC check
sample concentrate (Section 8.2.1 or 8.3.2) to 1 L of reagent water. The
QC check standard needs only to contain the parameters that failed
criteriain thetest in Section 8.3.

8.4.2 Analyze the QC check standard to determine the concentration
measured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T isthe true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
3. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter isjudged to be out of control, and the problem must be
immediately identified and corrected. The anaytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P) and the standard deviation of
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the percent recovery (s<INF>p</INF>). Express the accuracy assessment as
apercent recovery interval from P-2s<INF>p</INF> to P+2s<INF>p</INF>.
If P=90% and s<INF>p</INF>=10%, for example, the accuracy interval is
expressed as 70-110%. Update the accuracy assessment for each parameter
on aregular basis (e.g. after each five to ten new accuracy
measurements).

8.6. It isrecommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
nature of the samples. Field duplicates may be analyzed to assess the
precision of the environmental measurements. When doubt exists over the
identification of apeak

[[Page 106]]

on the chromatogram, confirmatory techniques such as gas chromatography
with adissimilar column, specific element detector, or mass

spectrometer must be used. Whenever possible, the laboratory should
analyze standard reference materials and participate in relevant
performance evaluation studies.

9. Sample Collection, Preservation, and Handling

9.1 Grab samples must be collected in glass containers. Conventional
sampling practices \9\ should be followed, except that the bottle must
not be prerinsed with sample before collection. Composite samples should
be collected in refrigerated glass containersin accordance with the
requirements of the program. Automatic sampling equipment must be as
free as possible of Tygon tubing and other potential sources of
contamination.

9.2 All samples must be iced or refrigerated at 4 [deg]C from the
time of collection until extraction. Fill the sample bottles and, if
residual chlorineis present, add 80 mg of sodium thiosulfate per liter
of sample and mix well. EPA Methods 330.4 and 330.5 may be used for
measurement of residual chlorine. \10\ Field test kits are available for
this purpose.

9.3 All samples must be extracted within 7 days of collection and
completely analyzed within 40 days of extraction. \2\

10. Sample Extraction

10.1 Mark the water meniscus on the side of sample bottle for later
determination of sample volume. Pour the entire sample into a 2-L
separatory funnel.

10.2 For samples high in organic content, the analyst may solvent
wash the sample at basic pH as prescribed in Sections 10.2.1 and 10.2.2
to remove potential method interferences. Prolonged or exhaustive
contact with solvent during the wash may result in low recovery of some
of the phenals, notably phenol and 2,4-dimethylphenol. For relatively
clean samples, the wash should be omitted and the extraction, beginning
with Section 10.3, should be followed.

10.2.1 Adjust the pH of the sampleto 12.0 or greater with sodium
hydroxide solution.
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10.2.2 Add 60 mL of methylene chloride to the sample by shaking the
funnel for 1 min with periodic venting to release excess pressure.

Discard the solvent layer. The wash can be repeated up to two additional
times if significant color is being removed.

10.3 Adjust the sample to apH of 1 to 2 with sulfuric acid.

10.4 Add 60 mL of methylene chloride to the sample bottle, seal, and
shake 30 sto rinse the inner surface. Transfer the solvent to the
separatory funnel and extract the sample by shaking the funnel for 2
min. with periodic venting to release excess pressure. Allow the organic
layer to separate from the water phase for aminimum of 10 min. If the
emulsion interface between layers is more than one-third the volume of
the solvent layer, the analyst must employ mechanical techniques to
compl ete the phase separation. The optimum technique depends upon the
sample, but may include stirring, filtration of the emulsion through
glass wool, centrifugation, or other physical methods. Collect the
methylene chloride extract in a 250-mL Erlenmeyer flask.

10.5 Add a second 60-mL volume of methylene chloride to the sample
bottle and repeat the extraction procedure a second time, combining the
extractsin the Erlenmeyer flask. Perform athird extraction in the same
manner.

10.6 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-
mL concentrator tube to a 500-mL evaporative flask. Other concentration
devices or techniques may be used in place of the K-D concentrator if
the requirements of Section 8.2 are met.

10.7 Pour the combined extract through a solvent-rinsed drying
column containing about 10 cm of anhydrous sodium sulfate, and collect
the extract in the K-D concentrator. Rinse the Erlenmeyer flask and
column with 20 to 30 mL of methylene chloride to complete the
quantitative transfer.

10.8 Add one or two clean boiling chips to the evaporative flask and
attach athree-ball Snyder column. Prewet the Snyder column by adding
about 1 mL of methylene chloride to the top. Place the K-D apparatus on
a hot water bath (60 to 65 [deg]C) so that the concentrator tube is
partially immersed in the hot water, and the entire lower rounded
surface of the flask is bathed with hot vapor. Adjust the vertical
position of the apparatus and the water temperature as required to
complete the concentration in 15 to 20 min. At the proper rate of
digtillation the balls of the column will actively chatter but the
chambers will not flood with condensed solvent. When the apparent volume
of liquid reaches 1 mL, remove the K-D apparatus and allow it to drain
and cool for at least 10 min.

10.9 Increase the temperature of the hot water bath to 95 to 100
[deg]C. Remove the Synder column and rinse the flask and its lower joint
into the concentrator tube with 1 to 2 mL of 2-propanol. A 5-mL syringe
is recommended for this operation. Attach a two-ball micro-Snyder column
to the concentrator tube and prewet the column by adding about 0.5 mL of
2-propanol to the top. Place the micro-K-D apparatus on the water bath
so that the concentrator tube is partially immersed in the hot water.
Adjust the vertical position of the apparatus and the water temperature
as required to complete concentration in 5 to 10 min. At the proper rate
of distillation the balls of the column will actively chatter but the
chambers will
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not flood. When the apparent volume of liquid reaches 2.5 mL, remove the
K-D apparatus and allow it to drain and cool for at least 10 min. Add an
additional 2 mL of 2-propanol through the top of the micro-Snyder column
and resume concentrating as before. When the apparent volume of liquid
reaches 0.5 mL, remove the K-D apparatus and alow it to drain and cool
for at least 10 min.

10.10 Remove the micro-Snyder column and rinse its lower joint into
the concentrator tube with a minimum amount of 2-propanol. Adjust the
extract volumeto 1.0 mL. Stopper the concentrator tube and store
refrigerated at 4 [deg] C if further processing will not be performed
immediately. If the extract will be stored longer than two days, it
should be transferred to a Teflon-sealed screw-cap via. If the sample
extract requires no further cleanup, proceed with FIDGC analysis
(Section 11). If the sample requires further cleanup, proceed to Section
12.

10.11 Determine the original sample volume by refilling the sample
bottle to the mark and transferring the liquid to a 1000-mL graduated
cylinder. Record the sample volume to the nearest 5 mL.

11. Flame lonization Detector Gas Chromatography

11.1 Table 1 summarizes the recommended operating conditions for the
gas chromatograph. Included in this table are retention times and MDL
that can be achieved under these conditions. An example of the
separations achieved by this column is shown in Figure 1. Other packed
or capillary (open-tubular) columns, chromatographic conditions, or
detectors may be used if the requirements of Section 8.2 are met.

11.2 Calibrate the system daily as described in Section 7.

11.3 If theinternal standard calibration procedureis used, the
internal standard must be added to the sample extract and mixed
thoroughly immediately before injection into the gas chromatograph.

11.4 Inject 2 to 5 [micro]L of the sample extract or standard into
the gas chromatograph using the solvent-flush technique. \11\ Smaller
(1.0 [micro]L) volumes may be injected if automatic devices are
employed. Record the volume injected to the nearest 0.05 [micro]L, and
the resulting peak size in area or peak height units.

11.5 Identify the parameters in the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaks in standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for a compound
may be used to calculate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

11.6 If the response for a peak exceeds the working range of the
system, dilute the extract and reanalyze.

11.7 If the measurement of the peak responseis prevented by the
presence of interferences, an aternative gas chromatographic procedure
isrequired. Section 12 describes a derivatization and column
chromatographic procedure which has been tested and found to be a
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practical means of analyzing phenolsin complex extracts.
12. Derivatization and Electron Capture Detector Gas Chromatography

12.1 Pipet a1.0-mL aliquot of the 2-propanol solution of standard
or sample extract into aglass reaction vial. Add 1.0 mL of derivatizing
reagent (Section 6.11). This amount of reagent is sufficient to
derivatize a solution whose total phenolic content does not exceed 0.3
mg/mL.

12.2 Add about 3 mg of potassium carbonate to the solution and shake
gently.

12.3 Cap the mixture and heat it for 4 h at 80 [deg]C in a hot water
bath.

12.4 Remove the solution from the hot water bath and allow it to
cool.

12.5 Add 10 mL of hexane to the reaction flask and shake vigorously
for 1 min. Add 3.0 mL of distilled, deionized water to the reaction
flask and shake for 2 min. Decant a portion of the organic layer into a
concentrator tube and cap with a glass stopper.

12.6 Place 4.0 g of silicagel into a chromatographic column. Tap
the column to settle the silica gel and add about 2 g of anhydrous
sodium sulfate to the top.

12.7 Preelute the column with 6 mL of hexane. Discard the eluate and
just prior to exposure of the sodium sulfate layer to the air, pipet
onto the column 2.0 mL of the hexane solution (Section 12.5) that
contains the derivatized sample or standard. Elute the column with 10.0
mL of hexane and discard the eluate. Elute the column, in order, with:
10.0 mL of 15% toluene in hexane (Fraction 1); 10.0 mL of 40% toluenein
hexane (Fraction 2); 10.0 mL of 75% toluene in hexane (Fraction 3); and
10.0 mL of 15% 2-propanol in toluene (Fraction 4). All elution mixtures
are prepared on avolume: volume basis. Elution patterns for the
phenolic derivatives are shown in Table 2. Fractions may be combined as
desired, depending upon the specific phenols of interest or level of
interferences.

12.8 Analyze the fractions by ECDGC. Table 2 summarizes the
recommended operating conditions for the gas chromatograph. Included in
this table are retention times and MDL that can be achieved under these
conditions. An example of the separations achieved by this column is
shown in Figure 2.
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12.9 Cdlibrate the system daily with a minimum of three aliquots of
calibration standards, containing each of the phenols of interest that
are derivatized according to Section 7.5.

12.10 Inject 2 to 5 [micro]L of the column fractions into the gas
chromatograph using the solvent-flush technique. Smaller (1.0 [micro]L)
volumes can be injected if automatic devices are employed. Record the
volume injected to the nearest 0.05 [micro]L, and the resulting peak
sizein areaor peak height units. If the peak response exceeds the
linear range of the system, dilute the extract and reanalyze.

13. Calculations
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13.1 Determine the concentration of individual compounds in the
sample analyzed by FIDGC (without derivatization) as indicated below.

13.1.1 If the external standard calibration procedure is used,
calculate the amount of material injected from the peak response using
the calibration curve or calibration factor determined in Section 7.2.2.
The concentration in the sample can be calculated from Equation 2.
[GRAPHIC] [TIFF OMITTED] TC15N091.098

Equation 2

where:

A=Amount of material injected (ng).
V<INF>i</INF>=Volume of extract injected ([micro]L).
V<INF>t</INF>=Volume of total extract ([micro]L).
V<INF>s</INF>=Volume of water extracted (mL).

13.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.3.2 and Equation 3.

[GRAPHIC] [TIFF OMITTED] TC15N091.099

Equation 3

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
I<INF>s</INF>=Amount of internal standard added to each extract

([micro]g).
V<INF>0</INF>=Volume of water extracted (L).

13.2 Determine the concentration of individual compounds in the
sample analyzed by derivatization and ECDGC according to Equation 4.
[GRAPHIC] [TIFF OMITTED] TC15N091.100

Equation 4

where:

A=Mass of underivatized phenol represented by area of peak in sample
chromatogram, determined from calibration curvein Section 7.5.3 (ng).
V<INF>i</INF>=Volume of eluate injected ({[micro]L).
V<INF>t</INF>=Total volume of column eluate or combined fractions from
which V<INF>i</INF> was taken ([micro]L).

V<INF>s</INF>=Volume of water extracted in Section 10.10 (mL).
B=Total volume of hexane added in Section 12.5 (mL).

C=Volume of hexane sample solution added to cleanup column in Section
12.7 (mL).

D=Total volume of 2-propanol extract prior to derivatization (mL).
E=Volume of 2-propanol extract carried through derivatization in Section
12.1 (mL).

13.3 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.
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14. Method Performance

14.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \1\ The MDL concentrations
listed in Tables 1 and 2 were obtained using reagent water. \12\ Similar
results were achieved using representative wastewaters. The MDL actually
achieved in agiven analysis will vary depending on instrument
sensitivity and matrix effects.

14.2 This method was tested by 20 |aboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked
as six concentrations over the range 12 to 450 [micro]g/L. \13\ Single
operator precision, overall precision, and method accuracy were found to
be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equations to
describe these relationships for a flame ionization detector are
presented in Table 4.
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Table 1--Chromatographic Conditions and Method Detection Limits

Method
Retention  detection
Parameter time(min)  limit
([micro]g/L)

2-Chlorophenol..........ccccveenireeeenene. 1.70 0.31
2-Nitrophenol.........ccccoverreenenennes 2.00 0.45
Phenol.......ccovvvreciceccceene 3.01 0.14
2,4-Dimethylphenol..........cccccveerinnene. 4.03 0.32
2,4-Dichlorophenal.......c.ccccccveviienenee. 4.30 0.39
2,4,6-Trichlorophenal.............ccceevneve. 6.05 0.64
4-Chloro-3-methylphenal...........c..ccc.c.... 7.50 0.36
2,4-Dinitrophenol.........cccccovevevnnnnen. 10.00 13.0
2-Methyl-4,6-dinitrophendal.................... 10.24 16.0
Pentachlorophenal............cccooeveenene 12.42 7.4
4-Nitrophenol........c.cccoeveivnicnne. 24.25 28

Column conditions: Supelcoport (80/100 mesh) coated with 1% SP-1240DA
packed in a1.8 mlong x 2 mm ID glass column with nitrogen carrier
gas at 30 mL/min flow rate. Column temperature was 80 [deg]C at
injection, programmed immediately at 8 [deg] C/min to 150 [deg]C final
temperature. MDL were determined with an FID.

Table 2--Silica Gel Fractionation and Electron Capture Gas Chromatography of PFBB Derivatives

Percent recovery by Method
fraction \a\ Retention detection
Parent compound time  limit
(min) ([micro]g/

1 2 3 4 L)
2-Chlorophenol..........ccccoeineneinereeeerees e 0 1. 33 0.58
2-NiItrophenol........ccovvevreirnereeree e e 9 90 9.1 0.77
Phenol.......cooviicicc e e 90 10 ... 18 22
2,4-Dimethylphenol..........cooveeiivieinrrireee e B 7. 29 0.63
2,4-Dichlorophenol.........ccoccoiiieiniiincieiee e 95 1 ... 58 0.68
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2,4,6-Trichlorophenol..........ccccccvevneveeiienienenne, 50 50 ... ... 7.0 0.58
4-Chloro-3-methylphenol...........ccccoovriinrnicnnes e 84 14 ... 4.8 18
Pentachlorophenol............cccooiieiiinincinne 75 20 ... ... 28.8 0.59
A-Nitrophenol........ccovveerrieercrreeeeee v e 1 90 140 0.70

Column conditions: Chromosorb W-AW-DMCS (80/100 mesh) coated with 5% OV-17 packed ina 1.8 mlong x 2.0 mm ID
glass column with 5% methane/95% argon carrier gas at 30 mL/min flow rate. Column temperature held isothermal
at 200 [deg]C. MDL were determined with an ECD.

\a\ Eluant composition:
Fraction 1--15% toluene in hexane.
Fraction 2--40% toluene in hexane.
Fraction 3--75% toluene in hexane.
Fraction 4--15% 2-propanol in toluene.
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Table 3--QC Acceptance Criteria--Method 604
Limit for Rangefor X
Testconc. s  ([microjg/ Rangefor
Parameter ([microjg/ ([microlg/ L) P, Ps
L) L) (percent)
4-Chloro-3-methylphenol..........cccoveevnveierniencne. 100 16.6 56.7-113.4  49-122
2-Chlorophenol.........ocueeeeeeeeeieeccnenesenrens 100 27.0 54.1-1102 38126
2,4-Dichlorophenol...........ccocvvvvnenineecienen. 100 251 59.7-103.3  44-119
2,4-Dimethylphenol...........cccoceieiiiniinnnnnns 100 33.3 50.4-1000 24-118
4,6-Dinitro-2-methylphenal............ccccocoviinnrnenens 100 25.0 424-1236  30-136
2,4-Dinitrophenol..........ccocoeereennnnnnriseees 100 36.0 31.7-125.1  12-145
2-Nitrophenol.........ccccovnvvrnncececcene 100 225 56.6-103.8  43-117
4-Nitrophenol........cccoceevveinrrerreeree 100 19.0 22.7-100.0 13-110
Pentachlorophenol............cooeeeeccieicnnnenene 100 324 56.7-1135 36-134
Phenol.......coovrrreeecere e 100 141 32.4-100.0 23-108
2,4,6-Trichlorophenol...........c.coceevreenneceninennes 100 16.6 60.8-110.4 53-119

s--Standard deviation of four recovery measurements, in [micro]g/L (Section 8.2.4).
X--Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).
P, Ps--Percent recovery measured (Section 8.3.2, Section 8.4.2).

Note: These criteria are based directly upon the method performance datain Table 4. Where necessary, the limits

for recovery have been broadened to assure applicability of the limits to concentrations below those used to
develop Table 4.

Table 4--Method Accuracy and Precision as Functions of Concentration--Method 604

Accuracy,as  Single Analyst Overall
Parameter recovery, X'  precision, sr'  precision, S
([microjg/L)  ([microjg/L)  ([micro]g/L)
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4-Chloro-3-methylphenal...........ccooeeveieieienene. 0.87C-1.97 0.11X-0.21 0.16X+1.41
2-Chlorophenol.........ccccoveerveennceneeen 0.83C-0.84 0.18X+0.20 0.21X+0.75
2,4-Dichlorophenol.........cccccoveieiniienennns 0.81C+0.48 0.17X-0.02 0.18X+0.62
2,4-Dimethylphenol...........cccoeveivrereenenenn 0.62C-1.64 0.30X-0.89 0.25X+0.48
4,6-Dinitro-2-methylphenal...........ccccooevienee 0.84C-1.01 0.15X+1.25 0.19X+5.85
2,4-Dinitrophenol.........cccoeeveenereenenenens 0.80C-1.58 0.27X-1.15 0.29X+4.51
2-Nitrophenol..........cccoveerneenneecnnenes 0.81C-0.76 0.15X+0.44 0.14X+3.84
4-Nitrophenol........ccooevvvcevcceeeee 0.46C+0.18 0.17X+2.43 0.19X+4.79
Pentachlorophenal...........ccccoeeveinniccneneen 0.83C+2.07 0.22X-0.58 0.23X+0.57
Phenol........coovvveeeeeceeeee 0.43C+0.11 0.20X-0.88 0.17X+0.77
2,4,6-Trichlorophenol..........cccccoeveneennrnnne. 0.86C-0.40 0.10X+0.53 0.13X+2.40

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in [micro]g/L.

sr'=Expected single analyst standard deviation of measurements at an average concentration found of X, in
[micro]g/L.

S=Expected interlaboratory standard deviation of measurements at an average concentration found of X, in
[microjg/L.

C=True value for the concentration, in [micro]g/L.

X=Average recovery found for measurements of samples containing a concentration of C, in [micro]g/L.
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[GRAPHIC] [TIFF OMITTED] TC02JY 92.012
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[GRAPHIC] [TIFF OMITTED] TC02JY92.013
Method 605--Benzidines
1. Scope and Application

1.1 This method covers the determination of certain benzidines. The
following parameters can be determined by this method:

Parameter Storet No  CASNo.
Benziding.........coooveveeiieeceeinnnnn, 39120 92-87-5
3,3-Dichlorobenzidine........................ 34631 91-94-1

1.2 Thisis ahigh performance liquid chromatography (HPL C) method

applicable to the determination of the compounds listed above in

municipa and industria discharges as provided under 40 CFR 136.1. When

this method is used to analyze unfamiliar samples for the compounds

above, identifications should be supported by at least one additional

qualitative technique. This method describes el ectrochemical conditions

at a second potential which can be used to confirm measurements made

with this method. Method 625 provides gas chromatograph/mass

spectrometer (GC/MS) conditions appropriate for the qualitative and
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quantitative confirmation of results for the parameters listed above,
using the extract produced by this method.

1.3 The method detection limit (MDL, defined in Section 14.1) \1\
for each parameter is
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listed in Table 1. The MDL for a specific wastewater may differ from
those listed, depending upon the nature of the interferencesin the
sample matrix.

1.4 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of alternate test procedures under 40 CFR 136.4
and 136.5.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the use of HPLC instrumentation and in the
interpretation of liquid chromatograms. Each analyst must demonstrate
the ability to generate acceptable results with this method using the
procedure described in Section 8.2.

2. Summary of Method

2.1 A measured volume of sample, approximately 1-L, is extracted
with chloroform using liquid-liquid extractions in a separatory funnel.
The chloroform extract is extracted with acid. The acid extract isthen
neutralized and extracted with chloroform. The final chloroform extract
is exchanged to methanol while being concentrated using a rotary
evaporator. The extract is mixed with buffer and separated by HPLC. The
benzidine compounds are measured with an electrochemical detector. \2\

2.2 The acid back-extraction acts as a general purpose cleanup to
aid in the elimination of interferences.

3. Interferences

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated baselinesin chromatograms. All of
these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
reagent blanks as described in Section 8.1.3.

3.1.1 Glassware must be scrupulously cleaned. \3\ Clean all
glassware as soon as possible after use by rinsing with the last solvent
used in it. Solvent rinsing should be followed by detergent washing with
hot water, and rinses with tap water and distilled water. The glassware
should then be drained dry, and heated in a muffle furnace at 400 [deg]C
for 15 to 30 min. Some thermally stable materials may not be eliminated
by this treatment. Solvent rinses with acetone and pesticide quality
hexane may be substituted for the muffle furnace heating. Volumetric
ware should not be heated in a muffle furnace. After drying and cooling,
glassware should be sealed and stored in a clean environment to prevent
any accumulation of dust or other contaminants. Store inverted or capped
with aluminum foil.

3.1.2 The use of high purity reagents and solvents helps to minimize
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interference problems. Purification of solvents by distillation in all-
glass systems may be required.

3.2 Matrix interferences may be caused by contaminants that are co-
extracted from the sample. The extent of matrix interferences will vary
considerably from source to source, depending upon the nature and
diversity of the industrial complex or municipality being sampled. The
cleanup procedures that are inherent in the extraction step are used to
overcome many of these interferences, but unique samples may reguire
additional cleanup approaches to achieve the MDL listed in Table 1.

3.3 Some dye plant effluents contain large amounts of components
with retention times closed to benzidine. In these cases, it has been
found useful to reduce the electrode potential in order to eliminate
interferences and still detect benzidine. (See Section 12.7.)

4. Safety

4.1 The toxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemical compound
should be treated as a potential health harzard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of material data handling sheets should also be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified \4,6\ for
the information of the analyst.

4.2 The following parameters covered by this method have been
tentatively classified as known or suspected, human or mammalian
carcinogens: benzidine and 3,3"-dichlorobenzidine. Primary standards of
these toxic compounds should be prepared in ahood. A NIOSH/MESA
approved toxic gas respirator should be worn when the analyst handles
high concentrations of these toxic compounds.

4.3 Exposure to chloroform should be minimized by performing all
extractions and extract concentrations in a hood or other well-
ventiliated area.

5. Apparatus and Materials

5.1 Sampling equipment, for discrete or composite sampling.

5.1.1 Grab sample bottle--1-L or 1-qt, amber glass, fitted with a
screw cap lined with Teflon. Foil may be substituted for Teflon if the
sampleis not corrosive. If amber bottles are not available, protect
samples from light. The bottle and cap liner must be washed, rinsed with
acetone or methylene
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chloride, and dried before use to minimize contamination.
5.1.2 Automatic sampler (optional)--The sampler must incorporate
glass sample containers for the collection of a minimum of 250 mL of
sample. Sample containers must be kept refrigerated at 4[deg]C and
protected from light during compositing. If the sampler uses a
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peristaltic pump, aminimum length of compressible silicone rubber
tubing may be used. Before use, however, the compressible tubing should
be thoroughly rinsed with methanol, followed by repeated rinsings with
distilled water to minimize the potential for contamination of the

sample. An integrating flow meter is required to collect flow

proportional composites.

5.2 Glassware (All specifications are suggested):

5.2.1 Separatory funnels--2000, 1000, and 250-mL, with Teflon
stopcock.

5.2.2 Vials--10to 15-mL, amber glass, with Teflon-lined screw cap.

5.2.3 Rotary evaporator.

5.2.4 Flasks--Round bottom, 100-mL., with 24/40 joints.

5.2.5 Centrifuge tubes--Conical, graduated, with Teflon-lined screw
caps.

5.2.6 Pipettes--Pasteur, with bulbs.

5.3 Balance--Analytical, capable of accurately weighing 0.0001 g.

5.4 High performance liquid chromatograph (HPLC)--An analytical
system complete with column supplies, high pressure syringes, detector,
and compatible recorder. A data system is recommended for measuring peak
areas and retention times.

5.4.1 Solvent delivery system--With pulse damper, Altex 110A or
equivalent.

5.4.2 Injection valve (optional)--Waters U6K or equivalent.

5.4.3 Electrochemical detector--Bioanalytical Systems LC-2A with
glassy carbon electrode, or equivalent. This detector has proven
effectivein the analysis of wastewaters for the parameters listed in
the scope (Section 1.1), and was used to devel op the method performance
statementsin Section 14. Guidelines for the use of alternate detectors
areprovided in Section 12.1.

5.4.4 Electrode polishing kit--Princeton Applied Research Model 9320
or equivalent.

5.4.5 Column--Lichrosorb RP-2, 5 micron particle diameter, in a25
cm x 4.6 mm ID stainless steel column. This column was used to develop
the method performance statementsin Section 14. Guidelines for the use
of alternate column packings are provided in Section 12.1.

6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.2 Sodium hydroxide solution (5 N)--Dissolve 20 g of NaOH (ACS) in
reagent water and dilute to 100 mL.

6.3 Sodium hydroxide solution (1 M)--Dissolve 40 g of NaOH (ACS) in
reagent water and diluteto 1 L.

6.4 Sodium thiosulfate--(ACS) Granular.

6.5 Sodium tribasic phosphate (0.4 M)--Dissolve 160 g of trisodium
phosphate decahydrate (ACS) in reagent water and diluteto 1 L.

6.6 Sulfuric acid (1+1)--Slowly, add 50 mL of
H<INF>2</INF>SO<INF>4</INF> (ACS, sp. gr. 1.84) to 50 mL of reagent
water.

6.7 Sulfuric acid (1 M)--Slowly, add 58 mL of
H<INF>2</INF>SO<INF>4</INF> (ACS, sp. gr. 1.84) to reagent water and
diluteto1L.
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6.8 Acetate buffer (0.1 M, pH 4.7)--Dissolve 5.8 mL of glacia
acetic acid (ACS) and 13.6 g of sodium acetate trihydrate (ACS) in
reagent water which has been purified by filtration through a RO-4
Millipore System or equivalent and diluteto 1 L.

6.9 Acetonitrile, chloroform (preserved with 1% ethanol), methanol--
Pesticide quality or equivalent.

6.10 Mobile phase--Place equal volumes of filtered acetonitrile
(Millipore type FH filter or equivalent) and filtered acetate buffer
(Millipore type GSfilter or equivalent) in a narrow-mouth, glass
container and mix thoroughly. Prepare fresh weekly. Degas daily by
sonicating under vacuum, by heating and stirring, or by purging with
helium.

6.11 Stock standard solutions (1.00 [micro]g/[micro]L)--Stock
standard solutions may be prepared from pure standard materials or
purchased as certified solutions.

6.11.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure material. Dissolve the material in methanol and dilute
to volumein a 10-mL volumetric flask. Larger volumes can be used at the
convenience of the analyst. When compound purity is assayed to be 96% or
greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are certified by the
manufacturer or by an independent source.

6.11.2 Transfer the stock standard solutions into Teflon-sealed
screw-cap bottles. Store at 4 [deg]C and protect from light. Stock
standard solutions should be checked frequently for signs of degradation
or evaporation, especially just prior to preparing calibration standards
from them.

6.11.3 Stock standard solutions must be replaced after six months,
or sooner if comparison with check standards indicates a problem.

6.12 Quality control check sample concentrate--See Section 8.2.1.
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7. Cdibration

7.1 Establish chromatographic operating conditions equivalent to
those given in Table 1. The HPLC system can be calibrated using the
external standard technique (Section 7.2) or the internal standard
technique (Section 7.3).

7.2 External standard calibration procedure:

7.2.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flask and diluting to volume
with mobile phase. One of the external standards should be at a
concentration near, but above, the MDL (Table 1) and the other
concentrations should correspond to the expected range of concentrations
found in real samples or should define the working range of the
detector.

7.2.2 Using syringe injections of 5 to 25 [micro]L or a constant
volume injection loop, analyze each calibration standard according to
Section 12 and tabulate peak height or area responses against the mass
injected. The results can be used to prepare a calibration curve for
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each compound. Alternatively, if the ratio of response to amount
injected (calibration factor) is a constant over the working range (<10%
relative standard deviation, RSD), linearity through the origin can be
assumed and the average ratio or calibration factor can be used in place
of acalibration curve.

7.3 Internal standard calibration procedure--To use this approach,
the analyst must select one or more internal standards that are similar
in analytical behavior to the compounds of interest. The analyst must
further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these
limitations, no internal standard can be suggested that is applicable to
all samples.

7.3.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flask. To each calibration
standard, add a known constant amount of one or more internal standards,
and dilute to volume with mobile phase. One of the standards should be
at a concentration near, but above, the MDL and the other concentrations
should correspond to the expected range of concentrations found in real
samples or should define the working range of the detector.

7.3.2 Using syringe injections of 5 to 25 [micro]L or a constant
volume injection loop, analyze each calibration standard according to
Section 12 and tabulate peak height or area responses against
concentration for each compound and internal standard. Calculate
response factors (RF) for each compound using Equation 1.

RF = (A<INF>s</INF>)(C<INF>is</INF> (A<INF>is</INF>)(C<INF>s</INF>)
Equation 1

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard ([micro]g/L).
C<INF>s</INF>=Concentration of the parameter to be measured ([micro]g/
L).

If the RF value over the working range is a constant (<10% RSD), the
RF can be assumed to be invariant and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.4 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of one or more
calibration standards. If the response for any parameter varies from the
predicted response by more than <plus-minus<ls-thn-eq>15%, a new
calibration curve must be prepared for that compound. If serious |oss of
response occurs, polish the electrode and recalibrate.

7.5 Before using any cleanup procedure, the analyst must process a
series of calibration standards through the procedure to validate
elution patterns and the absence of interferences from the reagents.

8. Quality Control
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8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum regquirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samplesto evaluate and document data
quality. The laboratory must maintain records to document the quality of
datathat is generated. Ongoing data quality checks are compared with
established performance criteriato determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision with this
method. This ability is established as described in Section 8.2.

8.1.2 In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options (detailed in
Sections 10.9, 11.1, and 12.1) to improve the separations or lower the
cost of measurements. Each time such a modification is made to the
method, the analyst is required to repeat the procedure in Section 8.2.
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8.1.3 Before processing any samples, the analyst must analyze a
reagent water blank to demonstrate that interferences from the
analytical system and glassware are under control. Each time a set of
samplesis extracted or reagents are changed, a reagent water blank must
be processed as a safeguard against |aboratory contamination.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samplesto monitor and evaluate laboratory data
quality. This procedureis described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analyses is equivalent
to 10% of all samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of datathat is generated. This procedure is described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.2.1 A quality control (QC) check sample concentrate is required
containing benzidine and/or 3,3'-dichlorobenzidine at a concentration of
50 [micro]g/mL each in methanol. The QC check sample concentrate must be
obtained from the U.S. Environmental Protection Agency, Environmental
Monitoring and Support Laboratory in Cincinnati, Ohio, if available. If
not available from that source, the QC check sample concentrate must be
obtained from another external source. If not available from either
source above, the QC check sample concentrate must be prepared by the
laboratory using stock standards prepared independently from those used
for caibration.

8.2.2 Using a pipet, prepare QC check samples at a concentration of
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50 [micro]g/L by adding 1.00 mL of QC check sample concentrate to each
of four 1-L-L aliquots of reagent water.

8.2.3 Analyze the well-mixed QC check samples according to the
method beginning in Section 10.

8.2.4 Calculate the average recovery (X) in [micro]g/L, and the
standard deviation of the recovery (s) in [micro]g/L, for each parameter
using the four results.

8.2.5 For each parameter compare s and X with the corresponding
acceptance criteria for precision and accuracy, respectively, found in
Table 2. If sand X for all parameters of interest meet the acceptance
criteria, the system performance is acceptable and analysis of actual
samples can begin. If any individual s exceeds the precision limit or
any individua X falls outside the range for accuracy, the system
performance is unacceptable for that parameter. Locate and correct the
source of the problem and repeat the test for all parameters of interest
beginning with Section 8.2.2.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to ten samples per month, at least one
spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:

8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against alimit specific to that parameter, the
spike should be at 50 [micro]g/L or 1 to 5 times higher than the
background concentration determined in Section 8.3.2, whichever
concentration would be larger.

8.3.1.3If it isimpractical to determine background levels before
spiking (e.g., maximum holding times will be exceeded), the spike
concentration should be (1) the regulatory concentration limit, if any;
or, if none (2) the larger of either 5 times higher than the expected
background concentration or 50 [micro]g/L.

8.3.2 Analyze one sample aliquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second sample aliquot with 1.0 mL
of the QC check sample concentrate and analyze it to determine the
concentration after spiking (A) of each parameter. Calculate each
percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
corresponding QC acceptance criteriafound in Table 2. These acceptance
criteriawere calculated to include an alowance for error in
measurement of both the background and spike concentrations, assuming a
spike to background ratio of 5:1. This error will be accounted for to
the extent that the analyst's spike to background ratio approaches 5:1.

\7\ If spiking was performed at a concentration lower than 50 [micro]g/
L, the analyst must use either the QC acceptance criteriain Table 2, or
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optional QC acceptance criteria calculated for the specific spike
concentration. To calculate optional acceptance criteriafor the
recovery of a parameter: (1) Calculate accuracy (X') using the equation
in Table 3, substituting
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the spike concentration (T) for C; (2) calculate overall precision (S)
using the equation in Table 3, substituting X' for X; (3) calculate the
range for recovery at the spike concentration as (100 X'/T)<plus-
minus<ls-thn-eg>2.44(100 S/T)%. \7\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
Section 8.3, a QC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory.

8.4.1 Prepare the QC check standard by adding 1.0 mL of QC check
sample concentrate (Sections 8.2.1 or 8.3.2) to 1 L of reagent water.

The QC check standard needs only to contain the parameters that failed
criteriain thetest in Section 8.3.

8.4.2 Analyze the QC check standard to determine the concentration
measured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T isthe true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
2. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter isjudged to be out of control, and the problem must be
immediately identified and corrected. The anaytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P) and the standard deviation of
the percent recovery (s<INF>p</INF>). Express the accuracy assessment as
a percent recovery interval from P-2s<INF>p</INF> to P+2s<INF>p</INF>.
If P=90% and s<INF>p</INF>=10%, for example, the accuracy interval is
expressed as 70-110%. Update the accuracy assessment for each parameter
on aregular basis (e.g. after each five to ten new accuracy
measurements).

8.6 It isrecommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
nature of the samples. Field duplicates may be analyzed to assess the
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precision of the environmental measurements. When doubt exists over the
identification of a peak on the chromatogram, confirmatory techniques
such as HPL C with adissimilar column, gas chromatography, or mass
spectrometer must be used. Whenever possible, the laboratory should
analyze standard reference materials and participate in relevant
performance evaluation studies.

9. Sample Collection, Preservation, and Handling

9.1 Grab samples must be collected in glass containers. Conventional
sampling practices\8\ should be followed, except that the bottle must
not be prerinsed with sample before collection. Composite samples should
be collected in refrigerated glass containers in accordance with the
requirements of the program. Automatic sampling equipment must be as
free as possible of Tygon tubing and other potential sources of
contamination.

9.2 All samples must be iced or refrigerated at 4[deg]C and stored
in the dark from the time of collection until extraction. Both benzidine
and 3,3"-dichlorobenzidine are easily oxidized. Fill the sample bottles
and, if residual chlorineis present, add 80 mg of sodium thiosulfate
per liter of sample and mix well. EPA Methods 330.4 and 330.5 may be
used for measurement of residua chlorine. \9\ Field test kits are
available for this purpose. After mixing, adjust the pH of the sample to
arange of 2 to 7 with sulfuric acid.

9.3 If 1,2-diphenylhydrazine is likely to be present, adjust the pH
of the sample to 4.0 <plus-minus<Is-thn-eq>0.2 to prevent rearrangement
to benzidine.

9.4 All samples must be extracted within 7 days of collection.
Extracts may be held up to 7 days before analysis, if stored under an
inert (oxidant free) atmosphere. \2\ The extract should be protected
from light.

10. Sample Extraction

10.1 Mark the water meniscus on the side of the sample bottle for
later determination of sample volume. Pour the entire sample into a 2-L
separatory funnel. Check the pH of the sample with wide-range pH paper
and adjust to within the range of 6.5 to 7.5 with sodium hydroxide
solution or sulfuric acid.

10.2 Add 100 mL of chloroform to the sample bottle, seal, and shake
30 sto rinse the inner surface. (Caution: Handle chloroform in awell
ventilated area.) Transfer the solvent to the separatory funnel and
extract the sample by shaking the funnel for 2 min with periodic venting
to rel ease excess pressure. Allow the organic layer to separate from the
water phase for aminimum of 10 min. If the emulsion interface between
layersis more than one-third the volume of the solvent layer, the
analyst must employ mechanical techniques to complete the phase
separation. The optimum technique depends upon the sample, but may
include stirring,
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filtration of the emulsion through glass wool, centrifugation, or other
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physical methods. Collect the chloroform extract in a 250-mL separatory
funnel.

10.3 Add a 50-mL volume of chloroform to the sample bottle and
repeat the extraction procedure a second time, combining the extractsin
the separatory funnel. Perform athird extraction in the same manner.

10.4 Separate and discard any aqueous layer remaining in the 250-mL
separatory funnel after combining the organic extracts. Add 25 mL of 1 M
sulfuric acid and extract the sample by shaking the funnel for 2 min.
Transfer the aqueous layer to a 250-mL beaker. Extract with two
additional 25-mL portions of 1 M sulfuric acid and combine the acid
extractsin the beaker.

10.5 Place a stirbar in the 250-mL beaker and stir the acid extract
while carefully adding 5 mL of 0.4 M sodium tribasic phosphate. While
monitoring with a pH meter, neutralize the extract to a pH between 6 and
7 by dropwise addition of 5 N sodium hydroxide solution while stirring
the solution vigorously. Approximately 25 to 30 mL of 5 N sodium
hydroxide solution will be required and it should be added over at |east
a 2-min period. Do not allow the sample pH to exceed 8.

10.6 Transfer the neutralized extract into a 250-mL separatory
funnel. Add 30 mL of chloroform and shake the funnel for 2 min. Allow
the phases to separate, and transfer the organic layer to a second 250-
mL separatory funnel.

10.7 Extract the aqueous layer with two additional 20-mL aliquots of
chloroform as before. Combine the extracts in the 250-mL separatory
funnel.

10.8 Add 20 mL of reagent water to the combined organic layers and
shakefor 30 s.

10.9 Transfer the organic extract into a 100-mL round bottom flask.
Add 20 mL of methanol and concentrate to 5 mL with arotary evaporator
at reduced pressure and 35 [deg]C. An aspirator is recommended for use
as the source of vacuum. Chill the receiver with ice. This operation
requires approximately 10 min. Other concentration techniques may be
used if the requirements of Section 8.2 are met.

10.10 Using a 9-in. Pasteur pipette, transfer the extract to a 15-

mL, conical, screw-cap centrifuge tube. Rinse the flask, including the
entire sidewall, with 2-mL portions of methanol and combine with the
original extract.

10.11 Carefully concentrate the extract to 0.5 mL using a gentle
stream of nitrogen while heating in a 30 [deg] C water bath. Dilute to 2
mL with methanol, reconcentrate to 1 mL, and dilute to 5 mL with acetate
buffer. Mix the extract thoroughly. Cap the centrifuge tube and store
refrigerated and protected from light if further processing will not be
performed immediately. If the extract will be stored longer than two
days, it should be transferred to a Teflon-sealed screw-cap viadl. If the
sample extract requires no further cleanup, proceed with HPLC analysis
(Section 12). If the sample requires further cleanup, proceed to Section
11.

10.12 Determine the original sample volume by refilling the sample
bottle to the mark and transferring the liquid to a 1,000-mL graduated
cylinder. Record the sample volume to the nearest 5 mL.

11. Cleanup and Separation

file:////Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (131 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

11.1 Cleanup procedures may not be necessary for arelatively clean
sample matrix. If particular circumstances demand the use of a cleanup
procedure, the analyst first must demonstrate that the requirements of
Section 8.2 can be met using the method as revised to incorporate the
cleanup procedure.

12. High Performance Liquid Chromatography

12.1 Table 1 summarizes the recommended operating conditions for the
HPLC. Included in this table are retention times, capacity factors, and
MDL that can be achieved under these conditions. An example of the
separations achieved by this HPL C column is shown in Figure 1. Other
HPL C columns, chromatographic conditions, or detectors may be used if
the requirements of Section 8.2 are met. Whenthe HPLC isidlg, itis
advisable to maintain a0.1 mL/min flow through the column to prolong
column life.

12.2 Calibrate the system daily as described in Section 7.

12.3If theinternal standard calibration procedure is being used,
the internal standard must be added to the sample extract and mixed
thoroughly immediately before injection into the instrument.

12.4 Inject 5to 25 [micro]L of the sample extract or standard into
the HPLC. If constant volume injection loops are not used, record the
volume injected to the nearest 0.05 [micro]L, and the resulting peak
sizein area or peak height units.

12.5 Identify the parameters in the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaks in standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for acompound
can be used to cal culate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

12.6 If the response for a peak exceeds the working range of the
system, dilute the extract with mobile phase and reanalyze.
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12.7 If the measurement of the peak response for benzidineis
prevented by the presence of interferences, reduce the electrode
potential to +0.6 V and reanalyze. If the benzidine peak is still
obscured by interferences, further cleanup is required.

13. Calculations

13.1 Determine the concentration of individual compounds in the
sample.

13.1.1 If the external standard calibration procedure is used,
calculate the amount of material injected from the peak response using
the calibration curve or calibration factor determined in Section 7.2.2.
The concentration in the sample can be calculated from Equation 2.
[GRAPHIC] [TIFF OMITTED] TC15N091.101
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Equation 2

where:

A=Amount of material injected (ng).
V<INF>i</INF>=Volume of extract injected ([micro]L).
V<INF>t</INF>=Volume of total extract ([micro]L).
V<INF>s</INF>=Volume of water extracted (mL).

13.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.3.2 and Equation 3.

[GRAPHIC] [TIFF OMITTED] TC15N091.102

Equation 3

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
I<INF>s</INF>=Amount of internal standard added to each extract

([micro]g).
V<INF>0</INF>=Volume of water extracted (L).

13.2 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.

14. Method Performance

14.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \1\ The MDL concentrations
listed in Table 1 were obtained using reagent water. \10\ Similar
results were achieved using representative wastewaters. The MDL actually
achieved in agiven analysis will vary depending on instrument
sensitivity and matrix effects.

14.2 This method has been tested for linearity of spike recovery
from reagent water and has been demonstrated to be applicable over the
concentration range from 7xMDL to 3000xMDL. \10\

14.3 This method was tested by 17 |aboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked
at six concentrations over the range 1.0 to 70 [micro]g/L. \11\ Single
operator precision, overall precision, and method accuracy were found to
be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equations to
describe these relationships are presented in Table 3.
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Table 1--Chromatographic Conditions and Method Detection Limits

Method
Column  detection
Parameter Retention capacity  limit
time (min) factor (k') ([micro]g/
L)
Benzidine...........cccovvvnnee 6.1 144 0.08
3,3-Dichlorobenzidine........... 121 3.84 0.13

HPLC Column conditions: Lichrosorb RP-2, 5 micron particle size, ina25
cmx4.6 mm ID stainless steel column. Mobile Phase: 0.8 mL/min of 50%
acetonitrile/50% 0.1M pH 4.7 acetate buffer. The MDL were determined
using an electrochemical detector operated at +0.8 V.

Table 2--QC Acceptance Criteria--Method 605

Limit for Rangefor
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Testconc. s X Rangefor
Parameter ([microlg/ ([micro]g/ ([microlg/ P, Ps
L) L) L)  (percent)
Benziding.........cocoveieve i 50 18.7 9.1-61.0 D-140
3.3-Dichlorobenzidine..........ccccooeinncenrncnnnnes 50 236 187-50.0 5-128

s=Standard deviation of four recovery measurements, in [micro]g/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).
P, Ps=Percent recovery measured (Section 8.3.2, Section 8.4.2).

D=Detected; result must be greater than zero.

Note: These criteria are based directly upon the method performance datain Table 3. Where necessary, the limits

for recovery have been broadened to assure applicability of the limits to concentrations below those used to
develop Table 3.

Table 3--Method Accuracy and Precision as Functions of Concentration--Method 605

Accuracy, as Singleanalyst  Overdl
Parameter recovery, precision, ' precision, S
X'([micro]g/L) ([micro]g/L) ([micro]g/L)

BENZIINE......c.ooveeeeeeceee e 0.70C+0.06  0.28X+0.19  0.40X+0.18
3,3-Dichlorobenziding..........cccooceeeieeeivieieciieeae 0.66C+0.23 0.39X-0.05 0.38X+0.02

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in [micro]g/L.

sr'=Expected single analyst standard deviation of measurements at an average concentration found of X, in
[micro]g/L.

S'=Expected interlaboratory standard deviation of measurements at an average concentration found of X, in
[micro]g/L.

C=True value for the concentration, in [micro]g/L.

X=Average recovery found for measurements of samples containing a concentration of C, in [micro]g/L.
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Method 606--Phthal ate Ester
1. Scope and Application

1.1 This method covers the determination of certain phthalate
esters. The following parameters can be determined by this method:

STORET
Parameter No. CASNo.

file:////Questa/wi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (135 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

Bis(2-ethylhexyl) phthalate...............c.c..... 39100 117-81-7
Butyl benzyl phthalate.............ccccccevneeee. 34292  85-68-7
Di-n-butyl phthalate............ccccocevreruenee. 39110 84-74-2
Diethyl phthalate.............ccccceeccienee. 34336 84-66-2
Dimethyl phthalate...........cccooeevrneinenee 34341 131-11-3
Di-n-octyl phthalate...........ccccovrererecnnee 34596 117-84-0

1.2 Thisis agas chromatographic (GC) method applicable to the
determination of the compounds listed above in municipal and industrial
discharges as provided under 40 CFR 136.1. When this method is used to
analyze unfamiliar samples for any or all of the compounds above,
compound identifications should be supported by at |east one additional
qualitative technique. This method describes analytical conditions for a
second gas chromatographic column that can be used to confirm
measurements made with the primary column. Method 625 provides gas
chromatograph/mass spectrometer (GC/MS) conditions appropriate for the
qualitative and quantitative confirmation of results for al of the
parameters listed above, using the extract produced by this method.

1.3 The method detection limit (MDL, defined in Section 14.1) \1\
for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix.

1.4 The sample extraction and concentration steps in this method are
essentially the same asin Methods 608, 609, 611, and 612. Thus, a
single sample may be extracted to measure the parameters included in the
scope of each of these methods. When cleanup is required, the
concentration levels must be high enough to permit selecting aliquots,
as hecessary, to apply appropriate cleanup procedures. The analyst is
allowed the latitude, under Section 12, to select chromatographic
conditions appropriate for the simultaneous measurement of combinations
of these parameters.

1.5 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of alternate test procedures under 40 CFR 136.4
and 136.5.

1.6 This method is restricted to use by or under the supervision of
analysts experienced in the use of a gas chromatograph and in the
interpretation of gas chromatograms. Each analyst must demonstrate the
ability to generate acceptable results with this method using the
procedure described in Section 8.2.

2. Summary of Method

2.1 A measured volume of sample, approximately 1-L, is extracted
with methylene chloride using a separatory funnel. The methylene
chloride extract is dried and exchanged to hexane during concentration
to avolume of 10 mL or less. The extract is separated by gas
chromatography and the phthalate esters are then measured with an
electron capture detector. \2\
2.2 Anaysisfor phthalatesis especially complicated by their
ubiquitous occurrence in the environment. The method provides Florisil
and alumina column cleanup proceduresto aid in the elimination of
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interferences that may be encountered.
3. Interferences

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms. Al
of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
reagent blanks as described in Section 8.1.3.

3.1.1 Glassware must be scrupulously cleaned. \3\ Clean all
glassware as soon as possible after use by rinsing with the last solvent
used in it. Solvent rinsing should be followed by detergent washing with
hot water, and rinses with tap water and distilled water. The glassware
should then be drained dry, and heated in a muffle furnace at 400 [deg]C
for 15 to 30 min. Some thermally stable materials, such as PCBs, may not
be eliminated by this treatment. Solvent rinses with acetone and
pesticide quality hexane may be substituted for the muffle furnace
heating. Thorough rinsing with such solvents usually eliminates PCB
interference. Volumetric ware should not be heated in a muffle furnace.
After drying and cooling, glassware should be sealed and stored in a
clean environment to prevent any accumulation of dust or other
contaminants. Store inverted or capped with auminum foil.

3.1.2 The use of high purity reagents and solvents helps to minimize
interference problems. Purification of solvents by distillation in all-
glass systems may be required.

3.2 Phthal ate esters are contaminants in many products commonly
found in the laboratory. It is particularly important to avoid the use
of plastics because phthal ates are commonly used as plasticizers and are
easily extracted from plastic materials. Serious phthalate contamination
can result at any time, if consistent quality control is not practiced.

Great care must be experienced to prevent such contamination. Exhaustive
cleanup of reagents and glassware may be required to eliminate
background phthal ate contamination. \4,5\
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3.3 Matrix interferences may be caused by contaminants that are co-
extracted from the sample. The extent of matrix interferences will vary
considerably from source to source, depending upon the nature and
diversity of theindustrial complex or municipality being sampled. The
cleanup proceduresin Section 11 can be used to overcome many of these
interferences, but unique samples may require additional cleanup
approaches to achievethe MDL listed in Table 1.

4. Safety

4.1 The toxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemica compound
should be treated as a potential health hazard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
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safe handling of the chemicals specified in this method. A reference
file of material data handling sheets should & so be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified \6,8\ for
the information of the analyst.

5. Apparatus and Materials

5.1 Sampling equipment, for discrete or composite sampling.

5.1.1 Grab sample bottle--1-L or 1-qt, amber glass, fitted with a
screw cap lined with Teflon. Foil may be substituted for Teflon if the
sampleis not corrosive. If amber bottles are not available, protect
samples from light. The bottle and cap liner must be washed, rinsed with
acetone or methylene chloride, and dried before use to minimize
contamination.

5.1.2 Automatic sampler (optional)--The sampler must incorporate
glass sample containers for the collection of a minimum of 250 mL of
sample. Sample containers must be kept refrigerated at 4 [deg]C and
protected from light during compositing. If the sampler uses a
peristaltic pump, aminimum length of compressible silicone rubber
tubing may be used. Before use, however, the compressible tubing should
be thoroughly rinsed with methanol, followed by repeated rinsings with
distilled water to minimize the potential for contamination of the
sample. An integrating flow meter is required to collect flow
proportional composites.

5.2 Glassware (All specifications are suggested. Catalog numbers are
included for illustration only).

5.2.1 Separatory funnel--2-L, with Teflon stopcock.

5.2.2 Drying column--Chromatographic column, approximately 400 mm
long X 19 mm ID, with coarse frit filter disc.

5.2.3 Chromatographic column--300 mm long x 10 mm ID, with Teflon
stopcock and coarse frit filter disc at bottom (Kontes K-420540-0213 or
equivalent).

5.2.4 Concentrator tube, Kuderna-Danish--10-mL, graduated (Kontes K-
570050-1025 or equivalent). Calibration must be checked at the volumes
employed in the test. Ground glass stopper is used to prevent
evaporation of extracts.

5.2.5 Evaporative flask, Kuderna-Danish--500-mL (Kontes K-570001-
0500 or equivalent). Attach to concentrator tube with springs.

5.2.6 Snyder column, Kuderna-Danish--Three-ball macro (Kontes K-
503000-0121 or equivalent).

5.2.7 Snyder column, Kuderna-Danish--Two-ball micro (Kontes K-
569001-0219 or equivalent).

5.2.8 Vias-10to 15-mL, amber glass, with Teflon-lined screw cap.

5.3 Bailing chips--Approximately 10/40 mesh. Heat to 400 [deg]C for
30 min or Soxhlet extract with methylene chloride.

5.4 Water bath--Heated, with concentric ring cover, capable of
temperature control (<plus-minus<ls-thn-eq>2 [deg] C). The bath should be
used in ahood.

5.5 Balance--Analytical, capable of accurately weighing 0.0001 g.

5.6 Gas chromatograph--An analytical system complete with gas
chromatograph suitable for on-column injection and all required
accessories including syringes, analytical columns, gases, detector, and
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strip-chart recorder. A data system is recommended for measuring peak
areas.

5.6.1 Column 1--1.8 m long x 4 mm ID glass, packed with 1.5% SP-
2250/1.95% SP-2401 Supel coport (100/120 mesh) or equivalent. This column
was used to develop the method performance statemeltsin Section 14.
Guidelines for the use of alternate column packings are provided in
Section 12.1.

5.6.2 Column 2--1.8 m long x 4 mm ID glass, packed with 3% OV-1 on
Supel coport (100/120 mesh) or equivalent.

5.6.3 Detector--Electron capture detector. This detector has proven
effectivein the analysis of wastewaters for the parameters listed in
the scope (Section 1.1), and was used to devel op the method performance
statements in Section 14. Guidelines for the use of alternate detectors
are provided in Section 12.1.

6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.2 Acetone, hexane, isooctane, methylene chloride, methanol--
Pesticide quality or equivalent.

6.3 Ethyl ether--nanograde, redistilled in glass if necessary.

6.3.1 Ethyl ether must be shown to be free of peroxides beforeit is
used asindicated by
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EM Laboratories Quant test strips. (Available from Scientific Products
Co., Cat. No. P1126-8, and other suppliers.)

6.3.2 Procedures recommended for removal of peroxides are provided
with the test strips. After cleanup, 20 mL of ethyl alcohol preservative
must be added to each liter of ether.

6.4 Sodium sulfate--(ACS) Granular, anhydrous. Severa levels of
purification may be required in order to reduce background phthal ate
levelsto an acceptable level: 1) Heat 4 h at 400 [deg]C in ashallow
tray, 2) Heat 16 h at 450 to 500 [deg]C in ashallow tray, 3) Soxhlet
extract with methylene chloride for 48 h.

6.5 Florisil--PR grade (60/100 mesh). Purchase activated at 1250
[deg]F and storein the dark in glass containers with ground glass
stoppers or foil-lined screw caps. To prepare for use, place 100 g of
Florisil into a 500-mL beaker and heat for approximately 16 h at 40
[deg]C. After heating transfer to a 500-mL reagent bottle. Tightly seal
and cool to room temperature. When cool add 3 mL of reagent water. Mix
thoroughly by shaking or rolling for 10 min and let it stand for at
least 2 h. Keep the bottle sealed tightly.

6.6 Alumina--Neutral activity Super I, W200 series (ICN Life
Sciences Group, No. 404583). To prepare for use, place 100 g of alumina
into a 500-mL beaker and heat for approximately 16 h at 400 [deg]C.
After heating transfer to a 500-mL reagent bottle. Tightly seal and cool
to room temperature. When cool add 3 mL of reagent water. Mix thoroughly
by shaking or rolling for 10 min and let it stand for at least 2 h. Keep
the bottle sealed tightly.

6.7 Stock standard solutions (1.00 [micro]g/[micro]L)--Stock
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standard solutions can be prepared from pure standard materials or
purchased as certified solutions.

6.7.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure material. Dissolve the material in isooctane and dilute
to volumein a 10-mL volumetric flask. Larger volumes can be used at the
convenience of the analyst. When compound purity is assayed to be 96% or
greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are certified by the
manufacturer or by an independent source.

6.7.2 Transfer the stock standard solutions into Teflon-sealed
screw-cap bottles. Store at 4 [deg]C and protect from light. Stock
standard solutions should be checked frequently for signs of degradation
or evaporation, especially just prior to preparing calibration standards
from them.

6.7.3 Stock standard solutions must be replaced after six months, or
sooner if comparison with check standards indicates a problem.

6.8 Quality control check sample concentrate--See Section 8.2.1.

7. Calibration

7.1 Establish gas chromatograph operating conditions equivalent to
those given in Table 1. The gas chromatographic system can be calibrated
using the external standard technique (Section 7.2) or the interna
standard technique (Section 7.3).

7.2 External standard calibration procedure:

7.2.1 Prepared calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flask and diluting to volume
with isooctane. One of the external standards should be at a
concentration near, but above, the MDL (Table 1) and the other
concentrations should correspond to the expected range of concentrations
found in real samples or should define the working range of the
detector.

7.2.2 Using injections of 2 to 5 [micro]L, analyze each calibration
standard according to Section 12 and tabulate peak height or area
responses against the mass injected. The results can be used to prepare
acalibration curve for each compound. Alternatively, if the ratio of
response to amount injected (calibration factor) is a constant over the
working range (<10% relative standard deviation, RSD), linearity through
the origin can be assumed and the average ratio or calibration factor
can be used in place of acalibration curve.

7.3 Internal standard calibration procedure--To use this approach,
the analyst must select one or more internal standards that are similar
in analytical behavior to the compounds of interest. The analyst must
further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these
limitations, no internal standard can be suggested that is applicable to
all samples.

7.3.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flash. To each calibration
standard, add a known constant amount of one or more internal standards,
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and dilute to volume with isooctane. One of the standards should be at a
concentration near, but above, the MDL and the other concentrations
should correspond to the expected range of concentrations found in real
samples or should define the working range of the detector.
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7.3.2 Using injections of 2to 5 [micro]L, analyze each calibration
standard according to Section 12 and tabulate peak height or area
responses against concentration for each compound and internal standard.
Calculate response factors (RF) for each compound using Equation 1.

RF = (A<INF>s</INF>)(C<INF>is</INF> (A<INF>is</INF>)(C<INF>s</INF>)
Equation 1

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard ([micro]g/L).
C<INF>s</INF>=Concentration of the parameter to be measured ([micro]g/
L).

If the RF value over the working range is a constant (<10% RSD), the
RF can be assumed to be invariant and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.4 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of one or more
calibration standards. If the response for any parameter varies from the
predicted response by more than <plus-minus<Is-thn-eq>15%, a new
calibration curve must be prepared for that compound.

7.5 Before using any cleanup procedure, the analyst must process a
series of calibration standards through the procedure to validate
elution patterns and the absence of interferences from the reagents.

8. Quality Control

8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum reguirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samples to evaluate and document data
quality. The laboratory must maintain records to document the quality of
datathat is generated. Ongoing data quality checks are compared with
established performance criteria to determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision with this
method. This ability is established as described in Section 8.2.
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8.1.2 In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options (detailed in
Sections 10.4, 11.1, and 12.1) to improve the separations or lower the
cost of measurements. Each time such amodification is made to the
method, the analyst is required to repeat the procedurein Section 8.2.

8.1.3 Before processing any samples, the analyst must analyze a
reagent water blank to demonstrate that interferences from the
analytical system and glassware are under control. Each time a set of
samplesis extracted or reagents are changed, a reagent water blank must
be processed as a safeguard against laboratory contamination.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samplesto monitor and evaluate |aboratory data
quality. This procedureis described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analysesis equivalent
to 10% of all samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of data that is generated. This procedureis described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.2.1 A quality contrml (QC) check sample concentrateis required
containing each parameter of interest at the following concentrationsin
acetone: butyl benzyl phthalate, 10 [micro]g/mL; bis(2-ethylhexyl)
phthalate, 50 [micro]g/mL; di-n-octyl phthalate, 50 [micro]g/mL ; any
other phthlate, 25 [micro]g/mL. The QC check sample concentrate must be
obtained from the U.S. Environmental Protection Agancy, Environmental
Monitoring and Support Laboratory in Cincinnati, Ohio, if available. If
not available from that source, the QC check sample concentrate must be
obtained from another external source. If not available from either
source above, the QC check sample concentrate must be prepared by the
laboratory using stock standards prepared independently from those used
for calibration.

8.2.2 Using a pipet, prepare QC check samples at the test
concentrations shown in Table 2 by adding 1.00 mL of QC check sample
concentrate to each of four 1-L aliquots of reagent water.

8.2.3 Analyze the well-mixed QC check samples according to the
method beginning in Section 10.

8.2.4 Calculate the average recovery (X) in [micro]g/L, and the
standard deviation of the recovery (s) in [micro]g/L, for each parameter
using the four results.

8.2.5 For each parameter compare s and X with the corresponding
acceptance criteria for precision and accuracy, respectively,
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foundin Table 2. If sand X for all parameters of interest meet the
acceptance criteria, the system performance is acceptable and analysis
of actual samples can begin. If any individua s exceeds the precision
limit or any individual X falls outside the range for accuracy, the
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system performance is unacceptable for that parameter. Locate and
correct the source of the problem and repeat the test for all parameters
of interest beginning with Section 8.2.2.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to ten samples per month, at least one
spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:

8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against alimit specific to that parameter, the
spike should be at the test concentration in Section 8.2.2or 1to 5
times higher than the background concentration determined in Section
8.3.2, whichever concentration would be larger.

8.3.1.3 If it isimpractical to determine background levels before
spiking (e.g., maximum holding times will be exceeded), the spike
concentration should be (1) the regulatory concentration limit, if any;
or, if none (2) the larger of either 5 times higher than the expected
background concentration or the test concentration in Section 8.2.2.

8.3.2 Analyze one sample aliquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second sample aliquot with 1.0 mL
of the QC check sample concentrate and analyze it to determine the
concentration after spiking (A) of each parameter. Calculate each
percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
corresponding QC acceptance criteriafound in Table 2. These acceptance
criteriawere calculated to include an allowance for error in
measurement of both the background and spike concentrations, assuming a
spike to background ratio of 5:1. This error will be accounted for to
the extent that the analyst's spike to background ratio approaches 5:1.

\9\ If spiking was performed at a concentration lower than the test
concentration in Section 8.2.2, the analyst must use either the QC
acceptance criteriain Table 2, or optional QC acceptance criteria
calculated for the specific spike concentration. To calculate optional
acceptance criteriafor the recovery of a parameter: (1) Calculate
accuracy (X") using the equation in Table 3, substituting the spike
concentration (T) for C; (2) calculate overall precision (S) using the
equation in Table 3, substituting X' for X; (3) calculate the range for
recovery at the spike concentration as (100 X'/T)<plus-
minus<ls-thn-eg>2.44(100 S/T)%. \9\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
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Section 8.3, a QC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
|aboratory.

8.4.1 Prepare the QC check standard by adding 1.0 mL of QC check
sample concentrate (Section 8.2.1 or 8.3.2) to 1 L of reagent water. The
QC check standard needs only to contain the parameters that failed
criteriain the test in Section 8.3.

8.4.2 Analyze the QC check standard to determine the concentration
measured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T is the true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
2. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter isjudged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P) and the standard deviation of
the percent recovery (s<INF>p</INF>). Express the accuracy assessment as
a percent recovery interval from P-2s<INF>p</INF> to P+2s<INF>p</INF>.
If P=90% and s<INF>p</INF>=10%, for example, the accuracy interval is
expressed as 70-110%. Update the accuracy assessment for each parameter
on aregular basis (e.g. after each five to ten new accuracy
measurements).

[[Pege 127]]

8.6 It isrecommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
nature of the samples. Field duplicates may be analyzed to assess the
precision of the environmental measurements. When doubt exists over the
identification of a peak on the chromatogram, confirmatory techniques
such as gas chromatography with a dissimilar column, specific element
detector, or mass spectrometer must be used. Whenever possible, the
laboratory should analyze standard reference materials and participate
in relevant performance evaluation studies.

9. Sample Collection, Preservation, and Handling

9.1 Grab samples must be collected in glass containers. Conventional
sampling practices \10\ should be followed, except that the bottle must
not be prerinsed with sample before collection. Composite samples should
be collected in refrigerated glass containers in accordance with the
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requirements of the program. Automatic sampling equipment must be as
free as possible of Tygon tubing and other potential sources of
contamination.

9.2 All samples must be iced or refrigerated at 4 [deg]C from the
time of collection until extraction.

9.3 All samples must be extracted within 7 days of collection and
completely analyzed within 40 days of extraction. \2\

10. Sample Extraction

10.1 Mark the water meniscus on the side of the sample bottle for
later determination of sample volume. Pour the entire sample into a 2-L
separatory funnel.

10.2 Add 60 mL of methylene chloride to the sample bottle, seal, and
shake 30 sto rinse the inner surface. Transfer the solvent to the
separatory funnel and extract the sample by shaking the funnel for 2
min. with periodic venting to release excess pressure. Allow the organic
layer to separate from the water phase for aminimum of 10 min. If the
emulsion interface between layers is more than one-third the volume of
the solvent layer, the analyst must employ mechanical techniques to
complete the phrase separation. The optimum technique depends upon the
sample, but may include stirring, filtration of the emulsion through
glass wool, centrifugation, or other physical methods. Collect the
methylene chloride extract in a 250-mL Erlenmeyer flask.

10.3 Add a second 60-mL volume of methylene chloride to the sample
bottle and repeat the extraction procedure a second time, combining the
extractsin the Erlenmeyer flask. Perform athird extraction in the same
manner.

10.4 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-
mL concentrator tube to a 500-mL evaporative flask. Other concentrator
devices or techniques may be used in place of the K-D concentrator if
the requirements of Section 8.2 are met.

10.5 Pour the combined extract through a solvent-rinsed drying
column containing about 10 cm of anhydrous sodium sulfate, and collect
the extract in the K-D concentrator. Rinse the Erlenmeyer flask and
column with 20 to 30 mL of methylene chloride to complete the
quantitative transfer.

10.6 Add one or two clean boiling chips to the evaporative flask and
attach athree-ball Snyder column. Prewet the Snyder column by adding
about 1 mL of methylene chloride to the top. Place the K-D apparatus on
a hot water bath (60 to 65 [deg]C) so that the concentrator tubeis
partially immersed in the hot water, and the entire lower rounded
surface of the flask is bathed with hot vapor. Adjust the vertical
position of the apparatus and the water temperature as required to
complete the concentration in 15 to 20 min. At the proper rate of
distillation the balls of the column will actively chatter but the
chambers will not flood with condensed solvent. When the apparent volume
of liquid reaches 1 mL, remove the K-D apparatus and allow it to drain
and cool for at least 10 min.

10.7 Increase the temperature of the hot water bath to about 80
[deg]C. Momentarily remove the Snyder column, add 50 mL of hexane and a
new hoiling chip, and reattach the Snyder column. Concentrate the
extract asin Section 10.6, except use hexane to prewet the column. The
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elapsed time of concentration should be 5 to 10 min.

10.8 Remove the Snyder column and rinse the flask and its lower
joint into the concentrator tube with 1 to 2 mL of hexane. A 5-mL
syringe is recommended for this operation. Adjust the extract volume to
10 mL. Stopper the concentrator tube and store refrigerated if further
processing will not be performed immediately. If the extract will be
stored longer than two days, it should be transferred to a Teflon-sealed
screw-cap vial. If the sample extract requires no further cleanup,
proceed with gas chromatographic analysis (Section 12). If the sample
requires further cleanup, proceed to Section 11.

10.9 Determine the original sample volume by refilling the sample
bottle to the mark and transferring the liquid to a 1000-mL graduated
cylinder. Record the sample volume to the nearest 5 mL.

11. Cleanup and Separation

11. Cleanup procedures may not be necessary for arelatively clean
sample matrix. If particular circumstances demand the use of a cleanup
procedure, the analyst may use either procedure below or any other
appropriate procedure. However, the analyst first must demonstrate that
the requirements of

[[Page 128]]

Section 8.2 can be met using the method as revised to incorporate the
cleanup procedure.

11.2 If the entire extract is to be cleaned up by one of the
following procedures, it must be concentrated to 2.0 mL. To the
concentrator tube in Section 10.8, add a clean boiling chip and attach a
two-ball micro-Snyder column. Prewet the column by adding about 0.5 mL
of hexane to the top. Place the micro-K-D apparatus on a hot water bath
(80 [deg]C) so that the concentrator tube is partially immersed in the
hot water. Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 5 to 10 min. At
the proper rate of distillation the balls of the column will actively
chatter but the chambers will not flood. When the apparent volume of
liquid reaches about 0.5 mL, remove the K-D apparatus and alow it to
drain and cool for at least 10 min. Remove the micro-Snyder column and
rinseits lower joint into the concentrator tube with 0.2 mL of hexane.
Adjust the final volumeto 2.0 mL and proceed with one of the following
cleanup procedures.

11.3 Florisil column cleanup for phthal ate esters:

11.3.1 Place 10 g of Florisil into a chromatographic column. Tap the
column to settle the Florisil and add 1 cm of anhydrous sodium sulfate
to the top.

11.3.2 Preelute the column with 40 mL of hexane. Therate for all
elutions should be about 2 mL/min. Discard the eluate and just prior to
exposure of the sodium sulfate layer to the air, quantitatively transfer
the 2-mL sample extract onto the column using an additional 2 mL of
hexane to complete the transfer. Just prior to exposure of the sodium
sulfate layer to the air, add 40 mL of hexane and continue the elution
of the column. Discard this hexane eluate.

11.3.3 Next, elute the column with 100 mL of 20% ethyl ether in
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hexane (V/V) into a 500-mL K-D flask equipped with a 10-mL concentrator
tube. Concentrate the collected fraction as in Section 10.6. No solvent
exchange is necessary. Adjust the volume of the cleaned up extract to 10
mL in the concentrator tube and analyze by gas chromatography (Section
12).

11.4 Alumina column cleanup for phthal ate esters:

11.4.1 Place 10 g of aluminainto a chromatographic column. Tap the
column to settle the aluminaand add 1 cm of anhydrous sodium sulfate to
the top.

11.4.2 Preelute the column with 40 mL of hexane. Therate for all
elutions should be about 2 mL/min. Discard the eluate and just prior to
exposure of the sodium sulfate layer to the air, quantitatively transfer
the 2-mL sample extract onto the column using an additional 2 mL of
hexane to complete the transfer. Just prior to exposure of the sodium
sulfate layer to the air, add 35 mL of hexane and continue the elution
of the column. Discard this hexane eluate.

11.4.3 Next, elute the column with 140 mL of 20% ethyl ether in
hexane (V/V) into a 500-mL K-D flask equipped with a 10-mL concentrator
type. Concentrate the collected fraction as in Section 10.6. No solvent
exchange is necessary. Adjust the volume of the cleaned up extract to 10
mL in the concentrator tube and analyze by gas chromatography (Section
12).

12. Gas Chromatography

12.1 Table 1 summarizes the recommended operating conditions for the
gas chromatograph. Included in this table are retention times and MDL
that can be achieved under these conditions. Examples of the separations
achieved by Column 1 are shown in Figures 1 and 2. Other packed or
capillary (open-tubular) columns, chromatographic conditions, or
detectors may be used if the requirements of Section 8.2 are met.

12.2 Calibrate the system daily as described in Section 7.

12.3 If the internal standard calibration procedure is being used,
the internal staldard must be added to the sample extract and mixed
thoroughly immediately before injection into the gas chromatograph.

12.4 Inject 2 to 5 [micro]L of the sample extract or standard into
the gas-chromatograph using the solvent-flush technique. \11\ Smaller
(1.0 [micro]L) volumes may be injected if automatic devices are
employed. Record the volume injected to the nearest 0.05 [micro]L, and
the resulting peak size in area or peak height units.

12.5 Identify the parameters in the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaksin standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for a compound
can be used to calculate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

12.6 If the response for a peak exceeds the working range of the
system, dilute the extract and reanalyze.

12.7 If the measurement of the peak responseis prevented by the
presence of interferences, further cleanup is required.
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13. Calculations

13.1 Determine the concentration of individual compounds in the
sample.

13.1.1 If the external standard calibration procedure is used,
calculate the amount of material injected from the peak response using
the calibration curve or calibration

[[Page 129]]

factor determined in Section 7.2.2. The concentration in the sample can
be calculated from Equation 2.
[GRAPHIC] [TIFF OMITTED] TC15N091.103

Equation 2

where:

A=Amount of material injected (ng).
V<INF>i</INF>=Volume of extract injected ([micro]L).
V<INF>t</INF>=Volume of total extract ([micro]L).
V<INF>s</INF>=Volume of water extracted (mL).

13.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.3.2 and Equation 3.

[GRAPHIC] [TIFF OMITTED] TC15N091.104

Equation 3

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
I<INF>s</INF>=Amount of internal standard added to each extract

([micro]g).
V<INF>0</INF>=Volume of water extracted (L).

13.2 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.

14. Method Performance

14.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \1\ The MDL concentrations
listed in Table 1 were obtained using reagent water. \12\ Similar
results were achieved using representative wastewaters. The MDL actually
achieved in agiven analysis will vary depending on instrument
sensitivity and matrix effects.

14.2 This method has been tested for linearity of spike recovery
from reagent water and has been demonstrated to be applicable over the
concentration range from 5 x MDL to 1000 x MDL with the following
exceptions: dimethyl and diethyl phthalate recoveries at 1000 x MDL were
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low (70%); bis-2-ethylhexyl and di-n-octyl phthalate recoveries at 5 x
MDL were low (60%). \12\

14.3 This method was tested by 16 laboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked
at six concentrations over the range 0.7 to 106 [micro]g/L. \13\ Single
operator precision, overall precision, and method accuracy were found to
be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equationsto
describe these relationships are presented in Table 3.
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Table 1--Chromatographic Conditions and Method Detection Limits

Retention time (min) Method

detection

Parameter limit
Columnl Column2 ([micro]g/L)

Dimethyl phthalate............ 2.03 0.95 0.29
Diethyl phthaate............. 2.82 127 0.49
Di-n-butyl phthalate.......... 8.65 3.50 0.36
Butyl benzy! phthalate........ \a6.94 \a511 0.34
Bis(2-ethylhexyl) phthalate... \a\8.92 \a 10.5 20
Di-n-octyl phthalate.......... \a16.2 \a 18.0 30

Column 1 conditions: Supelcoport (100/120 mesh) coated with 1.5% SP-2250/
1.95% SP-2401 packed in a1.8 m long x 4 mm ID glass column with 5%
methane/95% argon carrier gas at 60 mL/min flow rate. Column
temperature held isothermal at 180[deg] C, except where otherwise
indicated.

Column 2 conditions: Supelcoport (100/120 mesh) coated with 3% OV-1
packed in a1.8 mlong x 4 mm ID glass column with 5% methane/95%
argon carrier gas at 60 mL/min flow rate. Column temperature held
isothermal at 200 [deg]C, except where otherwise indicated.

\a\ 220 [deg] C column temperature.

Table 2--QC Acceptance Criteria--Method 606

Limit for Rangefor

Testconc. s X Rangefor
Parameter ([micro]g/ ([micro]g/ ([microlg/ P, Ps
L) L) L)  (percent)

Bis(2-ethylhexyl) phthalate............c.covviririrccininene 50 384 12559 D-158
Butyl benzyl phthalate............coovvvverevrersrereenen. 10 42 57-11.0 30-136
Di-n-butyl phthalate...........cocooeiiiieirereieeeens 25 8.9 10.3-29.6 23-136
Diethyl phthalate...........coceeveenieirreeeeeee 25 9.0 1.9-334 D-149
Dimethyl phathalate............oocveveeeereereerreeseeeennn. 25 95 13355 D-156
Di-n-octyl phthalate.........cccoceerereerirerrereeee 50 134 D-500 D-114

s=Standard deviation of four recovery measurements, in [micro]g/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).
P, Ps=Percent recovery measured (Section 8.3.2, Section 8.4.2).

D=Detected; result must be greater than zero.

Note: These criteria are based directly upon the method performance datain Table 3. Where necessary, the limits
for recovery have been broadened to assure applicability of the limits to concentrations below those used to
develop Table 3.
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Table 3--Method Accuracy and Precision as Functions of Concentration--Method 606

Accuracy, as Singleanalyst  Overal
Parameter recovery, X' precision, sr' precision, S
([micro]g/L) ([micro]g/L) ([micro]g/L)

Bis(2-ethylhexyl) phthalate............c.coeeverecicnnene. 0.53C+2.02 0.80X-254 0.73X-0.17
Butyl benzyl phthalate..........ccccoeoirieinncinicne 0.82C+0.13  0.26X+0.04 0.25X+0.07
Di-n-butyl phthalate...........cccovvirecciccinene, 0.79C+0.17 0.23X+0.20  0.29X+0.06
Diethyl phthal@te...........cccooovernrrriinecce 0.70C+0.13  0.27X+0.05 0.45X+0.11
Dimethyl phthalate..........ccoevineinrcerreenee 0.73C+0.17 0.26X+0.14 0.44X+0.31
Di-n-octyl phthalate...........ccoecvrneeirniirrennes 0.35C-0.71 0.38X+0.71  0.62X+0.34

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in [micro]g/L.

sr'=Expected single analyst standard deviation of measurements at an average concentration found of X, in
[micro]jg/L.

S=Expected interlaboratory standard deviation of measurements at an average concentration found of X, in
[microjg/L.

C=True value for the concentration, in [micro]g/L.

X=Average recovery found for measurements of samples containing a concentration of C, in [micro]g/L.
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Method 607--Nitrosamines
1. Scope and Application

1.1 This method covers the determination of certain nitrosamines.
The following parameters can be determined by this method:

Parameter Storet No. CASNo.
N-Nitrosodimethylamine............ccocvueuene 34438 62-75-9
N-Nitrosodiphenylamine...............c........ 34433  86-30-6
N-Nitrosodi-n-propylamine..................... 34428 621-64-7

1.2 Thisis agas chromatographic (GC) method applicable to the
determination of the parameters listed above in municipal and industrial
discharges as provided under 40 CFR 136.1. When this method is used to
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analyze unfamiliar samples for any or all of the compmunds above,
compound identifications should be supported by at least one additional
qualitative technique. This method describes analytical conditimns for a
second gas chromatographic column that can be used to confirm
measurements made with the primary column. Method 625 provides gas
chromatograph/mass spectrometer (GC/MS) conditions appropriate for the
qualitative and quantitative confirmation of results for N-nitrosodi-n-
propylamine. In order to confirm the presence of N-nitrosodiphenylamine,
the cleanup procedure specified in Section 11.3 or 11.4 must be used. In
order to confirm the presence of N-nitrosodimethylamine by GC/M S, Column
1 of this method must be substituted for the column recommended in
Method 625. Confirmation of these parameters using GC-high resolution
mass spectrometry or a Thermal Energy Analyzer is also recommended.
\1,2\

1.3 The method detection limit (MDL, defined in Section 14.1) \3\
for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix.

1.4 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of aternate test procedures under 40 CFR 136.4
and 136.5.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the use of a gas chromatograph and in the
interpretation of gas chromatograms. Each analyst must demonstrate the
ability to generate acceptable results with this method using the
procedure described in Section 8.2.

2. Summary of Method

2.1 A measured volume of sample, approximately 1-L, is extracted
with methylene chloride using a separatory funnel. The methylene
chloride extract is washed with dilute hydrochloric acid to remove free
amines, dried, and concentrated to avolume of 10 mL or less. After the
extract has been exchanged to methanol, it is separated by gas
chromatography and the parameters are then measured with a nitrogen-
phosphorus detector. \4\

2.2 The method provides Florisil and alumina column cleanup
procedures to separate diphenylamine from the nitrosamines and to aid in
the elimination of interferences that may be encountered.

3. Interferences

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms. Al
of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
reagent blanks as described in Section 8.1.3.

3.1.1 Glassware must be scrupulously cleaned. \5\ Clean all
glassware as soon as possible after use by rinsing with the last solvent
used in it. Solvent rinsing should be followed by detergent washing with
hot water, and rinses with tap water and distilled water. The glassware
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should then be drained dry, and heated in a muffle furnace at 400 [deg]C
for 15 to 30 min. Solvent rinses with acetone and pesticide quality
hexane may be substituted for the muffle furnace heating. VVolumetric
ware should not be heated in a muffle furnace. After drying and cooling,
glassware should be sealed and stored in a clean environment to prevent
any accumulation of dust or other contaminants. Store inverted or capped
with aluminum foil .

3.1.2 The use of high purity reagents and solvents helps to minimize
interference problems. Purification of solvents by distillation in all-
glass systems may be required.

3.2 Matrix interferences may be caused by contaminants that are co-
extracted from the sample. The extent of matrix interferences will vary
considerably from source to source, depending upon the nature and
diversity of the industrial complex or municipality being sampled. The
cleanup procedures in Section 11 can be used to overcome many of these
interferences, but unique samples may require additional cleanup
approaches to achievethe MDL listed in Table 1.

3.3 N-Nitrosodiphenylamine is reported <SUP>6-9</SUP> to undergo
transnitrosation reactions. Care must be exercised in the heating or
concentrating of solutions containing this compound in the presence of
reactive amines.

3.4 The sensitive and selective Thermal Energy Analyzer and the
reductive Hall detector may be used in place of the nitrogen-phosphorus
detector when interferences are encountered. The Thermal Energy Analyzer
offers the highest selectivity of the non-M S detectors.
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4. Safety

4.1 Thetoxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemical compound
should be treated as a potential health hazard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of materia data handling sheets should a so be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified
<SUP>10-12</SUP> for the information of the analyst.

4.2 These nitrosamines are known carcinogens, <SUP>13-17</SUP>
therefore, utmost care must be exercised in the handling of these
materials. Nitrosamine reference standards and standard sol utions should
be handled and prepared in a ventilated glove box within a properly
ventilated room.

5. Apparatus and Materials

5.1 Sampling equipment, for discrete or composite sampling.
5.1.1 Grab sample bottle--1-L or 1-gt, amber glass, fitted with a
screw cap lined with Teflon. Foil may be substituted for Teflon if the
sampleis not corrosive. If amber bottles are not available, protect
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samples from light. The bottle and cap liner must be washed, rinsed with
acetone or methylene chloride, and dried before use to minimize
contamination.

5.1.2 Automatic sampler (optional)--The sampler must incorporate
glass sample containers for the collection of a minimum of 250 mL of
sample. Sample containers must be kept refrigerated at 4 [deg]C and
protected from light during compositing. If the sampler uses a
peristaltic pump, aminimum length of compressible silicone rubber
tubing may be used. Before use, however, the compressible tubing should
be thoroughly rinsed with methanol, followed by repeated rinsings with
distilled water to minimize the potential for contamination of the
sample. An integrating flowmeter is required to collect flow
proportional composites.

5.2 Glassware (All specifications are suggested. Catalog numbers are
included for illustration only.):

5.2.1 Separatory funnels--2-L and 250-mL, with Teflon stopcock.

5.2.2 Drying column--Chromatographic column, approximately 400 mm
long X 19 mm ID, with coarse frit filter disc.

5.2.3 Concentrator tube, Kuderna-Danish--10-mL, graduated (Kontes K-
570050-1025 or equivalent). Calibration must be checked at the volumes
employed in the test. Ground glass stopper is used to prevent
evaporation of extracts.

5.2.4 Evaporative flask, Kuderna-Danish--500-mL (Kontes K-570001-
0500 or equivalent). Attach to concentrator tube with springs.

5.2.5 Snyder column, Kuderna-Danish--Three-ball macro (Kontes K-
503000-0121 or equivalent).

5.2.6 Snyder column, Kuderna-Danish--Two-ball micro (Kontes K-
569001-0219 or equivalent).

5.2.7 Vias-10to 15-mL, amber glass, with Teflon-lined screw cap.

5.2.8 Chromatographic column--Approximately 400 mm long x 22 mm ID,
with Teflon stopcock and coarse frit filter disc at bottom (Kontes K-
420540-0234 or equivaent), for usein Florisil column cleanup
procedure.

5.2.9 Chromatographic column--Approximately 300 mm long x 10 mm ID,
with Teflon stopcock and coarse frit filter disc at bottom (Kontes K-
420540-0213 or equivalent), for use in alumina column cleanup procedure.

5.3 Bailing chips--Approximately 10/40 mesh. Heat to 400 [deg]C for
30 min or Soxhlet extract with methylene chloride.

5.4 Water bath--Heated, with concentric ring cover, capable of
temperature control (<plus-minus<ls-thn-eq>2 [deg] C). The bath should be
used in ahood.

5.5 Balance--Analytical, capable of accurately weighing 0.0001 g.

5.6 Gas chromatograph--An analytical system complete with gas
chromatograph suitable for on-column injection and all required
accessories including syringes, analytical columns, gases, detector, and
strip-chart recorder. A data system is recommended for measuring peak
aress.

5.6.1 Column 1--1.8 m long X 4 mm ID glass, packed with 10% Carbowax
20 M/2% KOH on Chromosorb W-AW (80/100 mesh) or equivalent. This column
was used to develop the method performance statementsin Section 14.
Guidelines for the use of alternate column packings are provided in
Section 12.2.

5.6.2 Column 2--1.8 m long x 4 mm ID glass, packed with 10% SP-2250
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on Supel-coport (100/120 mesh) or equivalent.

5.6.3 Detector--Nitrogen-phosphorus, reductive Hall, or Thermal
Energy Analyzer detector. \1,2\ These detectors have proven effective in
the analysis of wastewaters for the parameters listed in the scope
(Section 1.1). A nitrogen-phosphorus detector was used to develop the
method performance statements in Section 14. Guidelines for the use of
alternate detectors are provided in Section 12.2.

6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.2 Sodium hydroxide solution (10 N)--Dissolve 40 g of NaOH (ACS) in
reagent water and dilute to 100 ml.
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6.3 Sodium thiosulfate--(ACS) Granular.

6.4 Sulfuric acid (1+1)--Slowly, add 50 mL of
H<INF>2</INF>SO<INF>4</INF> (ACS, sp. gr. 1.84) to 50 mL of reagent
water.

6.5 Sodium sulfate--(ACS) Granular, anhydrous. Purify by heating at
400 [deg]C for 4 hin ashallow tray.

6.6 Hydrochloric acid (1+9)--Add one volume of concentrated HCI
(ACS) to nine volumes of reagent water.

6.7 Acetone, methanol, methylene chloride, pentane--Pesticide
quality or equivalent.

6.8 Ethyl ether--Nanograde, redistilled in glass if necessary.

6.8.1 Ethyl ether must be shown to be free of peroxides beforeit is
used asindicated by EM Laboratories Quant test strips. (Available from
Scientific Products Co., Cat No. P1126-8, and other suppliers.)

6.8.2 Procedures recommended for removal of peroxides are provided
with the test strips. After cleanup, 20 mL of ethyl alcohol preservative
must be added to each liter of ether.

6.9 Florisil--PR grade (60/100 mesh). Purchase activated at 1250
[deg]F and store in the dark in glass containers with ground glass
stoppers or foil-lined screw caps. Before use, activate each batch at
least 16 h at 130 [deg]C in afoil-covered glass container and allow to
cooal.

6.10 Alumina--Basic activity Super |, W200 series (ICN Life Sciences
Group, No. 404571, or equivalent). To prepare for use, place 100 g of
aluminainto a 500-mL reagent bottle and add 2 mL of reagent water. Mix
the alumina preparation thoroughly by shaking or rolling for 10 min and
let it stand for at least 2 h. The preparation should be homogeneous
before use. Keep the bottle sealed tightly to ensure proper activity.

6.11 Stock standard solutions (1.00 [micro]g/[micro]L)--Stock
standard solutions can be prepared from pure standard materials or
purchased as certified solutions.

6.11.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure material. Dissolve the material in methanol and dilute
to volumein a 10-mL volumetric flask. Larger volumes can be used at the
convenience of the analyst. When compound purity is assayed to be 96% or
greater, the weight can be used without correction to calculate the
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concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are certified by the
manufacturer or by an independent source.

6.11.2 Transfer the stock standard solutions into Teflon-sealed
screw-cap bottles. Store at 4 [deg]C and protect from light. Stock
standard solutions should be checked frequently for signs of degradation
or evaporation, especialy just prior to preparing calibration standards
from them.

6.11.3 Stock standard solutions must be replaced after six months,
or sooner if comparison with check standards indicates a problem.

6.12 Quality control check sample concentrate--See Section 8.2.1.

7. Cdibration

7.1 Establish gas chromatographic operating conditions equivalent to
those given in Table 1. The gas chromatographic system can be calibrated
using the external standard technique (Section 7.2) or the internal
standard technique (Section 7.3).

7.2 External standard calibration procedure:

7.2.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flask and diluting to volume
with methanol. One of the external standards should be at a
concentration near, but above, the MDL (Table 1) and the other
concentrations should correspond to the expected range of concentrations
found in real samples or should define the working range of the
detector.

7.2.2 Using injections of 2 to 5 [micro]L, analyze each calibration
standard according to Section 12 and tabulate peak height or area
responses against the mass injected. The results can be used to prepare
acalibration curve for each compound. Alternatively, if the ratio of
response to amount injected (calibration factor) is a constant over the
working range (<10% relative standard deviation, RSD), linearity through
the origin can be assumed and the average ratio or calibration factor
can be used in place of a calibration curve.

7.3 Internal standard calibration procedure--To use this approach,
the analyst must select one or more internal standards that are similar
in analytical behavior to the compounds of interest. The analyst must
further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these
limitations, no internal standard can be suggested that is applicable to
all samples.

7.3.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flask. To each calibration
standard, add a known constant amount of one or more internal standards,
and dilute to volume with methanol. One of the standards should be at a
concentration near, but above, the MDL and the other concentrations
should correspond to the expected range of concentrations found in real
samples or should define the working range of the detector.
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7.3.2 Using injections of 2 to 5 [micro]L, analyze each calibration
standard according to Section 12 and tabulate peak height or area
responses against concentration for each compound and internal standard.
Calculate response factors (RF) for each compound using Equation 1.

RF = (A<INF>s</INF>)(C<INF>is</INF> (A<INF>is</INF>)(C<INF>s</INF>)
Equation 1

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the interna standard.
C<INF>is</INF>=Concentration of the internal standard ([micro]g/L).
C<INF>s</INF>=Concentration of the parameter to be measured ([micro]g/
L).

If the RF value over the working range is a constant (<10% RSD), the
RF can be assumed to be invariant and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.4 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of one or more
calibration standards. If the response for any parameter varies from the
predicted response by more than <plus-minus<Is-thn-eq>15%, a new
calibration curve must be prepared for that compound.

7.5 Before using any cleanup procedure, the analyst must process a
series of calibration standards through the procedure to validate
elution patterns and the absence of interferences from the reagents.

8. Quality Control

8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samples to evaluate and document data
quality. The laboratory must maintain records to document the quality of
datathat is generated. Ongoing data quality checks are compared with
established performance criteriato determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision with this
method. This ability is established as described in Section 8.2.

8.1.2 In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options (detailed in
Sections 10.4, 11.1, and 12.2) to improve the separations or lower the
cost of measurements. Each time such a modification is made to the
method, the analyst is required to repeat the procedure in Section 8.2.

8.1.3 Before processing any samples, the analyst must analyze a
reagent water blank to demonstrate that interferences from the
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analytical system and glassware are under control. Each time a set of
samplesis extracted or reagents are changed, a reagent water blank must
be processed as a safeguard against |aboratory contamination.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samplesto monitor and evaluate laboratory data
quality. This procedure is described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analysesis equivalent
to 10% of all samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of datathat is generated. This procedureis described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.2.1 A quality control (QC) check sample concentrateis required
containing each parameter of interest at a concentration of 20 [micro]g/
mL in methanol. The QC check sample concentrate must be obtained from
the U.S. Environmental Protection Agency, Environmental Monitoring and
Support Laboratory in Cincinnati, Ohio, if available. If not available
from that source, the QC check sample concentrate must be obtained from
another external source. If not available from either source above, the
QC check sample concentrate must be prepared by the laboratory using
stock standards prepared independently from those used for calibration.

8.2.2 Using a pipet, prepare QC check samples at a concentration of
20 [micro]g/L by adding 1.00 mL of QC check sample concentrate to each
of four 1-L aliquots of reagent water.

8.2.3 Analyze the well-mixed QC check samples according to the
method beginning in Section 10.

8.2.4 Calculate the average recovery (X) in [micro]g/L, and the
standard deviation of the recovery (s) in [micro]g/L, for each parameter
using the four results.

8.2.5 For each parameter compare s and X with the corresponding
acceptance criteria for precision and accuracy, respectively, found in
Table 2. If sand X for all parameters of interest meet the acceptance
criteria, the system performance is acceptable and analysis of actual
samples can begin. If
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any individual s exceeds the precision limit or any individual X falls
outside the range for accuracy, the system performance is unacceptable
for that parameter. L ocate and correct the source of the problem and
repeat the test for all parameters of interest beginning with Section
8.2.2.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to ten samples per month, at |east one
spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:
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8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against a limit specific to that parameter, the
spike should be at 20 [micro]g/L or 1 to 5 times higher than the
background concentration determined in Section 8.3.2, whichever
concentration would be larger.

8.3.1.3If it isimpractical to determine background levels before
spiking (e.g., maximum holding times will be exceeded), the spike
concentration should be (1) the regulatory concentration limit, if any;
or, if none (2) the larger of either 5 times higher than the expected
background concentration or 20 [micro]g/L.

8.3.2 Analyze one sampl e aliquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second sample aliquot with 1.0 mL
of the QC check sample concentrate and analyze it to determine the
concentration after spiking (A) of each parameter. Calculate each
percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
corresponding QC acceptance criteriafound in Table 2. These acceptance
criteriawere caluclated to include an allowance for error in
measurement of both the background and spike concentrations, assuming a
spike to background ratio of 5:1. This error will be accounted for to
the extent that the analyst's spike to background ratio approaches 5:1.
\18\ If spiking was performed at a concentration lower than 20 [micro]g/
L, the analyst must use either the QC acceptance criteriain Table 2, or
optional QC acceptance criteria caluclated for the specific spike
concentration. To calculate optional acceptance crtieriafor the
recovery of aparameter: (1) Calculate accuracy (X') using the equation
in Table 3, substituting the spike concentration (T) for C; (2)
calculate overall precision (S) using the equation in Table 3,
substituting X' for X; (3) calculate the range for recovery at the spike
concentration as (100 X'/T) <plus-minus<|s-thn-eq>2.44(100 S/T)%. \18\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
Section 8.3, a QC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory.

8.4.1 Prepare the QC check standard by adding 1.0 mL of QC check
sample concentrate (Section 8.2.1 or 8.3.2) to 1 L of reagent water. The
QC check standard needs only to contain the parameters that failed
criteriain thetest in Section 8.3.
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8.4.2 Analyze the QC check standard to determine the concentration
measured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T isthe true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
2. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter isjudged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P) and the standard deviation of
the percent recovery (s<INF>p</INF>). Express the accuracy assessment as
a percent recovery interval from P-2s<INF>p</INF> to P+2s<INF>p</INF>.
If P=90% and s<INF>p</INF>=10%, for example, the accuracy interval is
expressed as 70-110%. Update the accuracy assessment for each parameter
on aregular basis (e.g. after each five to ten new accuracy
measurements).

8.6 It isrecommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
nature of
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the samples. Field duplicates may be analyzed to assess the precision of
the environmental measurements. When doubt exists over the
identification of a peak on the chromatogram, confirmatory techniques
such as gas chromatography with adissimilar column, specific element
detector, or mass spectrometer must be used. Whenever possible, the
laboratory should analyze standard reference materials and participate
in relevant performance evaluation studies.

9. Sample Collection, Preservation, and Handling

9.1 Grab samples must be collected in glass containers. Conventional
sampling practices \19\ should be followed, except that the bottle must
not be prerinsed with sample before collection. Composite samples should
be collected in refrigerated glass containersin accordance with the
requirements of the program. Automatic sampling equipment must be as
free as possible of Tygon tubing and other potential sources of
contamination.

9.2 All samples must be iced or refrigerated at 4 [deg] C from the
time of collection until extraction. Fill the sample bottles and, if
residual chlorineis present, add 80 mg of sodium thiosulfate per liter
of sample and mix well. EPA Methods 330.4 and 330.5 may be used for
measurement of residual chlorine. \20\ Field test kits are available for
this purpose. If N-nitrosodiphenylamine is to be determined, adjust the
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sample pH to 7 to 10 with sodium hydroxide solution or sulfuric acid.
9.3 All samples must be extracted within 7 days of collection and
completely analyzed within 40 days of extraction. \4\
9.4 Nitrosamines are known to be light sensitive. \7\ Samples should
be stored in amber or foil-wrapped bottles in order to minimize
photolytic decomposition.

10. Sample Extraction

10.1 Mark the water meniscus on the side of the sample bottle for
later determination of sample volume. Pour the entire sample into a 2-L
separatory funnel. Check the pH of the sample with wide-range pH paper
and adjust to within the range of 5 to 9 with sodium hydroxide solution
or sulfuric acid.

10.2 Add 60 mL of methylene chloride to the sample bottle, seal, and
shake 30 sto rinse the inner surface. Transfer the solvent to the
separatory funnel and extract the sample by shaking the funnel for 2 min
with periodic venting to release excess pressure. Allow the organic
layer to separate from the water phase for aminimum of 10 min. If the
emulsion interface between layers is more than one-third the volume of
the solvent layer, the analyst must employ mechanical techniques to
complete the phase separation. The optimum technique depends upon the
sample, but may include stirring, filtration of the emulsion through
glass wool, centrifugation, or other physical methods. Collect the
methylene chloride extract in a 250-mL Erlenmeyer flask.

10.3 Add a second 60-mL volume of methylene chloride to the sample
bottle and repeat the extraction procedure a second time, combining the
extractsin the Erlenmeyer flask. Perform athird extraction in the same
manner.

10.4 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-
mL concentrator tube to a 500-mL evaporative flask. Other concentration
devices or techniques may be used in place of the K-D concentrator if
the requirements of Section 8.2 are met.

10.5 Add 10 mL of hydrochloric acid to the combined extracts and
shake for 2 min. Allow the layers to separate. Pour the combined extract
through a solvent-rinsed drying column containing about 10 cm of
anhydrous sodium sulfate, and collect the extract in the K-D
concentrator. Rinse the Erlenmeyer flask and column with 20 to 30 mL of
methylene chloride to complete the quantitative transfer.

10.6 Add one or two clean boiling chips to the evaporative flask and
attach athree-ball Snyder column. Prewet the Snyder column by adding
about 1 mL of methylene chloride to the top. Place the K-D apparatus on
a hot water bath (60 to 65[deg]C) so that the concentrator tubeis
partially immersed in the hot water, and the entire lower rounded
surface of the flask is bathed with hot vapor. Adjust the vertical
position of the apparatus and the water temperature as required to
complete the concentration in 15 to 20 min. At the proper rate of
digtillation the balls of the column will actively chatter but the
chambers will not flood with condensed solvent. When the apparent volume
of liquid reaches 1 mL, remove the K-D apparatus and allow it to drain
and cool for at least 10 min.

10.7 Remove the Snyder column and rinse the flask and its lower
joint into the concentrator tube with 1 to 2 mL of methylene chloride. A
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5-mL syringe is recommended for this operation. Stopper the concentrator
tube and store refrigerated if further processing will not be performed
immediately. If the extract will be stored longer than two days, it
should be transferred to a Teflon-sealed screw-cap vial. If N-
nitrosodi phenylamine is to be measured by gas chromatography, the
analyst must first use a cleanup column to eliminate diphenylamine
interference (Section 11). If N-nitrosodiphenylamine is of no interest,
the analyst may proceed directly with gas chromatographic analysis
(Section 12).

10.8 Determine the original sample volume by refilling the sample
bottle to the mark and transferring the liquid to a 1000
mL graduated cylinder. Record the sample volume to the nearest 5 mL.
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11. Cleanup and Separation

11.1 Cleanup procedures may not be necessary for arelatively clean
sample matrix. If particular circumstances demand the use of a cleanup
procedure, the analyst may use either procedure below or any other
appropriate procedure. However, the analyst first must demonstrate that
the requirements of Section 8.2 can be met using the method as revised
to incorporate the cleanup procedure. Diphenylamine, if present in the
original sample extract, must be separated from the nitrosamines if N-
nitrosodi phenylamine is to be determined by this method.

11.2 If the entire extract is to be cleaned up by one of the
following procedures, it must be concentrated to 2.0 mL. To the
concentrator tube in Section 10.7, add a clean boiling chip and attach a
two-ball micro-Snyder column. Prewet the column by adding about 0.5 mL
of methylene chloride to the top. Place the micr-K-D apparatus on a hot
water bath (60 to 65 [deg]C) so that the concentrator tubeis partially
immersed in the hot water. Adjust the vertical position of the apparatus
and the water temperature as required to complete the concentration in 5
to 10 min. At the proper rate of distillation the balls of the column
will actively chatter but the chambers will not flood. When the apparent
volume of liquid reaches about 0.5 mL, remove the K-D apparatus and
allow it to drain and cool for at least 10 min. Remove the micro-Snyder
column and rinse its lower joint into the concentrator tube with 0.2 mL
of methylene chloride. Adjust the final volume to 2.0 mL and proceed
with one of the following cleanup procedures.

11.3 Florisil column cleanup for nitrosamines:

11.3.1 Place 22 g of activated Florisil into a22-mm ID
chromatographic column. Tap the column to settle the Florisil and add
about 5 mm of anhydrous sodium sulfate to the top.

11.3.2 Preelute the column with 40 mL of ethyl ether/pentane
(15+85)(V/V). Discard the eluate and just prior to exposure of the
sodium sulfate layer to the air, quantitatively transfer the 2-mL sample
extract onto the column using an additional 2 mL of pentane to complete
the transfer.

11.3.3 Elute the column with 90 mL of ethyl ether/pentane (15+85)(V/
V) and discard the eluate. This fraction will contain the diphenylamine,
if it is present in the extract.

11.3.4 Next, elute the column with 100 mL of acetone/ethyl ether
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(5+95)(V/V) into a500-mL K-D flask equipped with a 10-mL concentrator
tube. Thisfraction will contain all of the nitrosamines listed in the
scope of the method.

11.3.5 Add 15 mL of methanol to the collected fraction and
concentrate as in Section 10.6, except use pentane to prewet the column
and set the water bath at 70 to 75 [deg] C. When the apparatusis cool,
remove the Snyder column and rinse the flask and its lower joint into
the concentrator tube with 1 to 2 mL of pentane. Analyze by gas
chromatography (Section 12).

11.4 Alumina column cleanup for nitrosamines:

11.4.1 Place 12 g of the alumina preparation (Section 6.10) into a
10-mm ID chromatographic column. Tap the column to settle the alumina
and add 1 to 2 cm of anhydrous sodium sulfate to the top.

11.4.2 Preelute the column with 10 mL of ethyl ether/pentane
(3+7)(V/V). Discard the eluate (about 2 mL) and just prior to exposure
of the sodium sulfate layer to the air, quantitatively transfer the 2 mL
sample extract onto the column using an additional 2 mL of pentane to
complete the transfer.

11.4.3 Just prior to exposure of the sodium sulfate layer to the
air, add 70 mL of ethyl ether/pentane (3+7)(V/V). Discard the first 10
mL of eluate. Collect the remainder of the eluate in a 500-mL K-D flask
equipped with a 10 mL concentrator tube. This fraction contains N-
nitrosodi phenylamine and probably a small amount of N-nitrosodi-n-
propylamine.

11.4.4 Next, elute the column with 60 mL of ethyl ether/pentane
(1+1)(VIV), collecting the eluate in a second K-D flask equipped with a
10-mL concentrator tube. Add 15 mL of methanol to the K-D flask. This
fraction will contain N-nitrosodimethylamine, most of the N-nitrosodi-n-
propylamine and any diphenylamine that is present.

11.4.5 Concentrate both fractions asin Section 10.6, except use
pentane to prewet the column. When the apparatus is cool, remove the
Snyder column and rinse the flask and its lower joint into the
concentrator tube with 1 to 2 mL of pentane. Analyze the fractions by
gas chromatography (Section 12).

12. Gas Chromatography

12.1 N-nitrosodiphenylamine completely reacts to form diphenylamine
at the normal operating temperatures of a GC injection port (200 to 250
[deg]C). Thus, N-nitrosodiphenylamine is chromatographed and detected as
diphenylamine. Accurate determination depends on removal of
diphenylamine that may be present in the original extract prior to GC
analysis (See Section 11).

12.2 Table 1 summarizes the recommended operating conditions for the
gas chromatograph. Included in this table are retention times and MDL
that can be achieved under these conditions. Examples of the separations
achieved by Column 1 are shown in Figures 1 and 2. Other packed or
capillary (open-tubular) columns, chromatographic conditions, or
detectors may be used if the requirements of Section 8.2 are met.

12.3 Calibrate the system daily as described in Section 7.

[[Page 140]]
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12.4 If the extract has not been subjected to one of the cleanup
procedures in Section 11, it is necessary to exchange the solvent from
methylene chloride to methanol before the thermionic detector can be
used. To a1 to 10-mL volume of methylene chloride extract in a
concentrator tube, add 2 mL of methanol and a clean boiling chip. Attach
atwo-ball micro-Snyder column to the concentrator tube. Prewet the
column by adding about 0.5 mL of methylene chloride to the top. Place
the micro-K-D apparatus on a boiling (100 [deg] C) water bath so that the
concentrator tube is partially immersed in the hot water. Adjust the
vertical position of the apparatus and the water temperature as required
to complete the concentration in 5 to 10 min. At the proper rate of
distillation the balls of the column will actively chatter but the
chambers will not flood. When the apparent volume of liquid reaches
about 0.5 mL, remove the K-D apparatus and allow it to drain and cool
for at least 10 min. Remove the micro-Snyder column and rinse its lower
joint into the concentrator tube with 0.2 mL of methanol. Adjust the
final volumeto 2.0 mL.

12.5 If the internal standard calibration procedure is being used,
theinternal standard must be added to the sample extract and mixed
thoroughly immediately before injection into the gas chromatograph.

12.6 Inject 2 to 5 [micro]L of the sample extract or standard into
the gas chromatograph using the solvent-flush technique. \21\ Smaller
(1.0 [micro]L) volumes may be injected if automatic devices are
employed. Record the volume injected to the nearest 0.05 [micro]L, and
the resulting peak size in area or peak height units.

12.7 Identify the parameters in the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaks in standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for a compound
can be used to calculate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

12.8 If the response for a peak exceeds the working range of the
system, dilute the extract and reanalyze.

12.9 If the measurement of the peak responseis prevented by the
presence of interferences, further cleanup is required.

13. Calculations

13.1 Determine the concentration of individual compoundsin the
sample.

13.1.1If the external standard calibration procedure is used,
calculate the amount of material injected from the peak response using
the calibration curve or calibration factor determined in Section 7.2.2.
The concentration in the sample can be calculated from Equation 2.
[GRAPHIC] [TIFF OMITTED] TC15N091.105

Equation 2
where:

A=Amount of material injected (ng).
file:////Questa/wipp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (164 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

V<INF>i</INF>=Volume of extract injected ([micro]L).
V<INF>t</INF>=Volume of total extract ([micro]L).
V<INF>s</INF>=Volume of water extracted (mL).

13.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.3.2 and Equation 3.

[GRAPHIC] [TIFF OMITTED] TC15N091.106

Equation 3

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the interna standard.
I<INF>s</INF>=Amount of internal standard added to each extract

([micro]g).
V<INF>0</INF>=Volume of water extracted (L).

13.2 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.

14. Method Performance

14.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \3\ The MDL concentrations
listed in Table 1 were obtained using reagent water. \22\ Similar
results were achieved using representative wastewaters. The MDL actually
achieved in agiven analysis will vary depending on instrument
sensitivity and matrix effects.

14.2 This method has been tested for linearity of spike recovery
from reagent water and has been demonstrated to be applicable over the
concentration range from 4 x MDL to 1000 x MDL. \22\

14.3 This method was tested by 17 laboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked
at six concentrations over the range 0.8 to 55 [micro]g/L. \23\ Single
operator precision, overall precision, and method accuracy were found to
be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equations to
describe these relationships are presented in Table 3.

[[Page 141]]
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Table 1--Chromatographic Conditions and Method Detection Limits

Retention time (min) Method

detection
Parameter limit
Column1l Column2 ([microjg/
L)

N-Nitrosodimethylamine........... 41 0.88 0.15
N-Nitrosodi-n-propylamine........ 121 4.2 46
[[Page 142]]

N-Nitrosodiphenylamine\a....... \b\12.8 \c\6.4 81

Column 1 conditions: Chromosorb W-AW (80/100 mesh) coated with 10%
Carbowax 20 M/2% KOH packed in a1.8 m long x 4mm ID glass column with
helium carrier gas at 40 mL/min flow rate. Column temperature held
isothermal at 110 [deg]C, except where otherwise indicated.

Column 2 conditions: Supel coport (100/120 mesh) coated with 10% SP-2250
packed ina1.8 mlong x 4 mm ID glass column with helium carrier gas
at 40 mL/min flow rate. Column temperature held isothermal at 120
[deg] C, except where otherwise indicated.

\a\ Measured as diphenylamine.

\b\ 220 [deg] C column temperature.

\c\ 210 [deg] C column temperature.

Table 2--QC Acceptance Criteria--Method 607

Range for X
Test conc. Limitfors ([microlg/ Rangefor
Parameter ([microlg/ ([microlg/ L) P, Ps
L) L) (percent)
N-Nitrosodimethylamine............cccoveovrnccinnenns 20 34 46-200 13-109
N-Nitrosodiphenyl..........ccoeovreinninenneienns 20 6.1 21-245 D-139
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N-Nitrosodi-n-propylaming............ccccoveverererennnn 20 57 115268 45-146

s=Standard deviation for four recovery measurements, in [micro]g/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).
P, Ps=Percent recovery measured (Section 8.3.2, Section 8.4.2).

D=Detected; result must be greater than zero.

Note: These criteria are based directly upon the method performance datain Table 3. Where necessary, the limits

for recovery have been broadened to assure applicability of the limits to concentrations below those used to
develop Table 3.

Table 3--Method Accuracy and Precision as Functions of Concentration--Method 607

Accuracy, as Singleanalyst  Overall
Parameter recovery, X' precision, s precision, S
([micro]g/L) ([micro]g/L) ([micro]g/L)

N-Nitrosodimethylaming...........ccocooevereererncnenenene. 0.37C+0.06  0.25X-0.04 0.25X+0.11
N-Nitrosodiphenylamine............ccccoererrennccnennen 0.64C+0.52 0.36X-1.53 0.46X-0.47
N-Nitrosodi-n-propylamine.............cccoveeerrerenneens 0.96C-0.07 0.15X+0.13 0.21X+0.15

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in [micro]g/L.

sr'=Expected single analyst standard deviation of measurements at an average concentration found of X, in
[microjg/L.

S=Expected interlaboratory standard deviation of measurements at an average concentration found of X, in
[microjg/L.

C=True value for the concentration, in [micro]g/L.

X=Average recovery found for measurements of samples containing a concentration of C, in [micro]g/L.

[[Page 143]]

[GRAPHIC] [TIFF OMITTED] TC02JY 92.017

[[Pege 144]]

[GRAPHIC] [TIFF OMITTED] TC02JY 92.018

[[Page 145]]
Method 608--Organochlorine Pesticides and PCBs
1. Scope and Application
1.1 This method covers the determination of certain organochlorine

pesticides and PCBs. The following parameters can be determined by this
method:

Parameter STORET No. CASNo.
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Aldrin..oeee e 39330  309-00-2
[alpha]-BHC.........ccoovvrrriiinne 39337 319-84-6
[beta]-BHC.........ocveirieirieine 39338 319-85-7
[delta]-BHC.......cceieeiiecnes 34259  319-86-8
[gamma]-BHC.........cccecvrrerrirrennne 39340  58-89-9
Chlordane.........cccoeevnrinreninininnns 39350 57-74-9
4A-DDD....ooveiieiereeene 39310 72-54-8
4A-DDE......coooreireierenenns 39320  72-55-9
V3 DT 39300 50-29-3
Dieldrin......cccooveeernereneeee 39380 60-57-1
Endosulfan l.......cccoeeevveencninnn. 34361 959-98-8
Endosulfan Il........ccoeeveerevnenienne 34356 33212-65-9
Endosulfan sulfate...........cccceevvennne 34351 1031-07-8
Eldrin....oooeereee 39390 72-20-8
Endrin aldehyde..........coccoreneene. 34366 7421-93-4
Heptachlor..........cooevveiineene 39410 76-44-8
Heptachlor epoxide.........c.ccoevrvenee 39420 1024-57-3
ToXaphene......ccocvevreveinreeees 39400 8001-35-2
PCB-1016.......cccovrereerererienrenienens 34671 12674-11-2
PCB-1221......coceveieveiieiiienns 39488 1104-28-2
PCB-1232.......ccoeiieiiinieienenienns 39492 11141-16-5
PCB-1242........coovereireernienns 39496 53469-21-9
PCB-1248.........cccoovevrereerrienens 39500 12672-29-6
PCB-1254.......cooiieirieiniens 39504 11097-69-1
PCB-1260........c.covrerueenenieenerienens 39508 11096-82-5

1.2 Thisis agas chromatographic (GC) method applicable to the
determination of the compounds listed above in municipal and industrial
discharges as provided under 40 CFR 136.1. When this method is used to
analyze unfamiliar samples for any or all of the compounds above,
compound identifications should be supported by at least one additional
qualitative technique. This method describes analytical conditions for a
second gas chromatographic column that can be used to confirm
measurements made with the primary column. Method 625 provides gas
chromatograph/mass spectrometer (GC/MS) conditions appropriate for the
qualitative and quantitative confirmation of results for al of the
parameters listed above, using the extract produced by this method.

1.3 The method detection limit (MDL, defined in Section 14.1) \1\
for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix.

1.4 The sample extraction and concentration steps in this method are
essentially the same as in Methods 606, 609, 611, and 612. Thus, a
single sample may be extracted to measure the parameters included in the
scope of each of these methods. When cleanup is required, the
concentration levels must be high enough to permit selecting aliquots,
as hecessary, to apply appropriate cleanup procedures. The analyst is
allowed the latitude, under Section 12, to select chromatographic
conditions appropriate for the simultaneous measurement of combinations
of these parameters.

1.5 Any modification of this method, beyond those expressly
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permitted, shall be considered as a major modification subject to
application and approval of alternate test procedures under 40 CFR 136.4
and 136.5.

1.6 This method is restricted to use by or under the supervision of
analysts experienced in the use of a gas chromatograph and in the
interpretation of gas chromatograms. Each analyst must demonstrate the
ability to generate acceptable results with this method using the
procedure described in Section 8.2.

2. Summary of Method

2.1 A measured volume of sample, approximately 1-L, is extracted
with methylene chloride using a separatory funnel. The methylene
chloride extract is dried and exchanged to hexane during concentration
to avolume of 10 mL or less. The extract is separated by gas
chromatography and the parameters are then measured with an electron
capture detector. \2\

2.2 The method provides a Florisil column cleanup procedure and an
elemental sulfur removal procedure to aid in the elimination of
interferences that may be encountered.

3. Interferences

3.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms. Al
of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
reagent blanks as described in Section 8.1.3.

3.1.1 Glassware must be scrupulously cleaned. \3\ Clean all
glassware as soon as possible after use by rinsing with the last solvent
used in it. Solvent rinsing should be followed by detergent washing with
hot water, and rinses with tap water and distilled water. The glassware
should then be drained dry, and heated in a muffle furnace at 400 [deg]C
for 15 to 30 min. Some thermally stable materials, such as PCBs, may not
be eliminated by this treatment. Solvent rinses with acetone and
pesticide quality hexane may be substituted for the muffle furnace
heating. Thorough rinsing with such solvents usually eliminates PCB
interference. Volumetric ware should not be heated in a muffle furnace.
After drying and cooling, glassware should be sealed and stored in a
clean environment to prevent any accumulation of dust or other
contaminants. Store inverted or capped with aluminum foil.

[[Page 146]]

3.1.2 The use of high purity reagents and solvents helps to minimize
interference problems. Purification of solvents by distillation in all-
glass systems may be required.
3.2 Interferences by phthalate esters can pose a mgjor problem in
pesticide analysis when using the electron capture detector. These
compounds generally appear in the chromatogram as large late eluting
peaks, especialy in the 15 and 50% fractions from Florisil. Common
flexible plastics contain varying amounts of phthalates. These
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phthalates are easily extracted or leached from such materials during
laboratory operations. Cross contamination of clean glassware routinely
occurs when plastics are handled during extraction steps, especialy
when solvent-wetted surfaces are handled. Interferences from phthal ates
can best be minimized by avoiding the use of plasticsin the laboratory.
Exhaustive cleanup of reagents and glassware may be required to
eliminate background phthal ate contamination. \4,5\ The interferences
from phthal ate esters can be avoided by using a microcoulometric or
electrolytic conductivity detector.

3.3 Matrix interferences may be caused by contaminants that are co-
extracted from the sample. The extent of matrix interferences will vary
considerably from source to source, depending upon the nature and
diversity of the industrial complex or municipality being sampled. The
cleanup procedures in Section 11 can be used to overcome many of these
interferences, but unique samples may require additional cleanup
approaches to achievethe MDL listed in Table 1.

4. Safety

4.1 The toxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemical compound
should be treated as a potential health hazard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of material data handling sheets should also be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified
<SUP>6-8</SUP> for the information of the analyst.

4.2 The following parameters covered by this method have been
tentatively classified as known or suspected, human or mammalian
carcinogens: 4,4-DDT, 4,4'-DDD, the BHCs, and the PCBs. Primary
standards of these toxic compounds should be prepared in a hood. A
NIOSH/MESA approved toxic gas respirator should be worn when the analyst
handles high concentrations of these toxic compounds.

5. Apparatus and Materials

5.1 Sampling equipment, for discrete or composite sampling.

5.1.1 Grab sample bottle--1-L or 1-gt, amber glass, fitted with a
screw cap lined with Teflon. Foil may be substituted for Teflon if the
sampleis not corrosive. If amber bottles are not available, protect
samples from light. The bottle and cap liner must be washed, rinsed with
acetone or methylene chloride, and dried before use to minimize
contamination.

5.1.2 Automatic sampler (optional)--The sampler must incorporate
glass sample containers for the collection of a minimum of 250 mL of
sample. Sample containers must be kept refrigerated at 4 [deg]C and
protected from light during composting. If the sampler uses a
peristaltic pump, a minimum length of compressible silicone rubber
tubing may be used. Before use, however, the compressible tubing should
be thoroughly rinsed with methanol, followed by repeated rinsings with
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distilled water to minimize the potential for contamination of the
sample. An integrating flow meter is required to collect flow
proportional composites.

5.2. Glassware (All specifications are suggested. Catalog numbers
areincluded for illustration only.):

5.2.1 Separatory funnel--2-L, with Teflon stopcock.

5.2.2 Drying column--Chromatographic column, approximately 400 mm
long X 19 mm ID, with coarse frit filter disc.

5.2.3 Chromatographic column--400 mm long x 22 mm 1D, with Teflon
stopcock and coarse frit filter disc (Kontes K-42054 or equivalent).

5.2.4 Concentrator tube, Kuderna-Danish--10-mL, graduated (Kontes K-
570050-1025 or equivalent). Calibration must be checked at the volumes
employed in the test. Ground glass stopper is used to prevent
evaporation of extracts.

5.2.5 Evaporative flask, Kuderna-Danish--500-mL (Kontes K-570001-
0500 or equivalent). Attach to concentrator tube with springs.

5.2.6 Snyder column, Kuderna/Danish--Three-ball macro (Kontes K-
503000-0121 or equivalent).

5.2.7 Vias-10to 15-mL, amber glass, with Teflon-lined screw cap.

5.3 Bailing chips--Approximately 10/40 mesh. Heat to 400 [deg]C for
30 min or Soxhlet extract with methylene chloride.

5.4 Water bath--Heated, with concentric ring cover, capable of
temperature control (<plus-minus<ls-thn-eq>2 [deg]C). The bath should be
used in ahood.

5.5 Balance--Analytical, capable of accurately weighing 0.0001 g.

5.6 Gas chromatograph--An analytical system complete with gas
chromatograph suitable for on-column injection and all required
accessories including syringes, analytical columns, gases, detector, and
strip-
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chart recorder. A data system is recommended for measuring peak areas.

5.6.1 Column 1--1.8 m long x 4 mm ID glass, packed with 1.5% SP-
2250/1.95% SP-2401 on Supelcoport (100/120 mesh) or equivaent. This
column was used to develop the method performance statementsin Section
14. Guidelines for the use of alternate column packings are provided in
Section 12.1.

5.6.2 Column 2--1.8 m long x 4 mm ID glass, packed with 3% OV-1 on
Supel coport (100/120 mesh) or equivalent.

5.6.3 Detector--Electron capture detector. This detector has proven
effectivein the analysis of wastewaters for the parameters listed in
the scope (Section 1.1), and was used to devel op the method performance
statements in Section 14. Guidelines for the use of alternate detectors
are provided in Section 12.1.

6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.2 Sodium hydroxide solution (10 N)--Dissolve 40 g of NaOH (ACS) in
reagent water and dilute to 100 mL.

6.3 Sodium thiosulfate--(ACS) Granular.
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6.4 Sulfuric acid (1+1)--Slowly, add 50 mL to
H<INF>2</INF>SO<INF>4</INF> (ACS, sp. gr. 1.84) to 50 mL of reagent
water.

6.5 Acetone, hexane, isooctane, methylene chloride--Pesticide
quality or equivalent.

6.6 Ethyl ether--Nanograde, redistilled in glass if necessary.

6.6.1 Ethyl ether must be shown to be free of peroxides beforeit is
used asindicated by EM Laboratories Quant test strips. (Available from
Scientific Products Co., Cat. No. P1126-8, and other suppliers.)

6.6.2 Procedures recommended for removal of peroxides are provided
with the test strips. After cleanup, 20 mL of ethyl alcohol preservative
must be added to each liter of ether.

6.7 Sodium sulfate--(ACS) Granular, anhydrous. Purify by heating at
400 [deg]C for 4 hin ashallow tray.

6.8 Florisil--PR grade (60/100 mesh). Purchase activated at 1250
[deg]F and store in the dark in glass containers with ground glass
stoppers or foil-lined screw caps. Before use, activate each batch at
least 16 h at 130 [deg]C in afoil-covered glass container and allow to
cool.

6.9 Mercury--Triple distilled.

6.10 Copper powder--Activated.

6.11 Stock standard solutions (1.00 [micro]g/[micro] L)--Stock
standard solutions can be prepared from pure standard materials or
purchased as certified solutions.

6.11.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure material. Dissolve the material in isooctane and dilute
to volumein a 10-mL volumetric flask. Larger volumes can be used at the
convenience of the analyst. When compound purity is assayed to be 96% or
greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are certified by the
manufacturer or by an independent source.

6.11.2 Transfer the stock standard solutions into Teflon-sealed
screw-cap bottles. Store at 4 [deg]C and protect from light. Stock
standard solutions should be checked frequently for signs of degradation
or evaporation, especialy just prior to preparing calibration standards
from them.

6.11.3 Stock standard solutions must be replaced after six months,
or sooner if comparison with check standards indicates a problem.

6.12 Quality control check sample concentrate--See Section 8.2.1.

7. Cdibration

7.1 Establish gas chromatographic operating conditions equivalent to
those given in Table 1. The gas chromatographic system can be calibrated
using the external standard technique (Section 7.2) or the internal
standard technique (Section 7.3).

7.2 External standard calibration procedure:

7.2.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to a volumetric flask and diluting to volume
with isooctane. One of the external standards should be at a
concentration near, but above, the MDL (Table 1) and the other
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concentrations should correspond to the expected range of concentrations
found in real samples or should define the working range of the
detector.

7.2.2 Using injections of 2to 5 [micro]L, analyze each calibration
standard according to Section 12 and tabulate peak height or area
responses against the mass injected. The results can be used to prepare
acalibration curve for each compound. Alternatively, if the ratio of
response to amount injected (calibration factor) is a constant over the
working range (<10% relative standard deviation, RSD), linearity through
the origin can be assumed and the average ratio or calibration factor
can be used in place of a calibration curve.

7.3 Internal standard calibration procedure--To use this approach,
the analyst must select one or more internal standards that are similar
in analytical behavior to the compounds of interest. The analyst must
further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these
limitations, no internal standard can
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be suggested that is applicable to al samples.

7.3.1 Prepare calibration standards at a minimum of three
concentration levels for each parameter of interest by adding volumes of
one or more stock standards to avolumetric flask. To each calibration
standard, add a known constant amount of one or more internal standards,
and dilute to volume with isooctane. One of the standards should be at a
concentration near, but above, the MDL and the other concentrations
should correspond to the expected range of concentrations found in real
samples or should define the working range of the detector.

7.3.2 Using injections of 2 to 5 [micro]L, analyze each calibration
standard according to Section 12 and tabulate peak height or area
responses against concentration for each compound and internal standard.
Calculate response factors (RF) for each compound using Equation 1.
[GRAPHIC] [TIFF OMITTED] TC15N091.107

Equation 1
where:
A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
C<INF>is</INF>=Concentration of the internal standard ([micro]g/L).
C<INF>s</INF>=Concentration of the parameter to be measured ([micro]g/
L).

If the RF value over the working range is a constant (<10% RSD), the
RF can be assumed to be invariant and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A<INF>s</INF>/A<INF>is</INF>, vs.
RF.

7.4 The working calibration curve, calibration factor, or RF must be
verified on each working day by the measurement of one or more
calibration standards. If the response for any parameter varies from the
predicted response by more than <plus-minus<ls-thn-eq>15%, the test must
be repeated using a fresh calibration standard. Alternatively, a new
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calibration curve must be prepared for that compound.

7.5 The cleanup procedure in Section 11 utilizes Florisil column
chromatography. Florisil from different batches or sources may vary in
adsorptive capacity. To standardize the amount of Florisil whichis
used, the use of lauric acid value \9\ is suggested. The referenced
procedure determines the adsorption from hexane solution of lauric acid
(mg) per g of Florisil. The amount of Florisil to be used for each
column is calculated by dividing 110 by thisratio and multiplying by 20
g.

7.6 Before using any cleanup procedure, the analyst must process a
series of calibration standards through the procedure to validate
elution patterns and the absence of interferences from the reagents.

8. Quality Control

8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an
ongoing analysis of spiked samples to evaluate and document data
quality. The laboratory must maintain records to document the quality of
datathat is generated. Ongoing data quality checks are compared with
established performance criteriato determine if the results of analyses
meet the performance characteristics of the method. When results of
sample spikes indicate atypical method performance, a quality control
check standard must be analyzed to confirm that the measurements were
performed in an in-control mode of operation.

8.1.1 The analyst must make an initial, one-time, demonstration of
the ability to generate acceptable accuracy and precision with this
method. This ability is established as described in Section 8.2.

8.1.2 In recognition of advances that are occurring in
chromatography, the analyst is permitted certain options (detailed in
Sections 10.4, 11.1, and 12.1) to improve the separations or lower the
cost of measurements. Each time such a modification is made to the
method, the analyst is required to repeat the procedure in Section 8.2.

8.1.3 Before processing any samples, the analyst must analyze a
reagent water blank to demonstrate that interferences from the
analytical system and glassware are under control. Each time a set of
samplesis extracted or reagents are changed, a reagent water blank must
be processed as a safeguard against |aboratory contamination.

8.1.4 The laboratory must, on an ongoing basis, spike and analyze a
minimum of 10% of all samplesto monitor and evaluate laboratory data
quality. This procedure is described in Section 8.3.

8.1.5 The laboratory must, on an ongoing basis, demonstrate through
the analyses of quality control check standards that the operation of
the measurement system isin control. This procedure is described in
Section 8.4. The frequency of the check standard analysesis equivalent
to 10% of all samples analyzed but may be reduced if spike recoveries
from samples (Section 8.3) meet all specified quality control criteria.

8.1.6 The laboratory must maintain performance records to document
the quality of datathat is generated. This procedureis described in
Section 8.5.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.
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8.2.1 A quality control (QC) check sample concentrate is required
containing each single-component parameter of interest at the following
concentrations in acetone: 4,4'-DDD, 10 [microlg/mL; 4,4-DDT, 10
[microlg/mL; endosulfan 11, 10 [micro]g/mL; endosulfan sulfate, 10
[micro]g/mL; endrin, 10 [micro]g/mL; any other single-component
pesticide, 2 [micro]g/mL. If this method is only to be used to analyze
for PCBs, chlordane, or toxaphene, the QC check sample concentrate
should contain the most representative multicomponent parameter at a
concentration of 50 [micro]g/mL in acetone. The QC check sample
concentrate must be obtained from the U.S. Environmental Protection
Agency, Environmental Monitoring and Support Laboratory in Cincinnati,
Ohio, if available. If not available from that source, the QC check
sample concentrate must be obtained from another external source. If not
available from either source above, the QC check sample concentrate must
be prepared by the laboratory using stock standards prepared
independently from those used for calibration.

8.2.2 Using a pipet, prepare QC check samples at the test
concentrations shown in Table 3 by adding 1.00 mL of QC check sample
concentrate to each of four 1-L aliquots of reagent water.

8.2.3 Analyze the well-mixed QC check samples according to the
method beginning in Section 10.

8.2.4 Calculate the average recovery (X) in [micro]jg/mL; and the
standard deviation of the recovery (s) in [micro]g/mL, for each
parameter using the four results.

8.2.5 For each parameter compare s and X with the corresponding
acceptance criteriafor precision and accuracy, respectively, found in
Table 3. If sand X for all parameters of interest meet the acceptance
criteria, the system performance is acceptable and analysis of actual
samples can begin. If any individual s exceeds the precision limit or
any individua X falls outside the range for accuracy, the system
performance is unacceptable for that parameter.

Note: The large number of parametersin Table 3 present a
substantial probability that one or more will fail at least one of the
acceptance criteriawhen all parameters are analyzed.

8.2.6 When one or more of the parameters tested fail at least one of
the acceptance criteria, the analyst must proceed according to Section
8.2.6.10r 8.2.6.2.

8.2.6.1 Locate and correct the source of the problem and repeat the
test for al parameters of interest beginning with Section 8.2.2.

8.2.6.2 Beginning with Section 8.2.2, repeat the test only for those
parameters that failed to meet criteria. Repeated failure, however, will
confirm a genera problem with the measurement system. If this occurs,
locate and correct the source of the problem and repeat the test for all
compmunds of interest beginning with Section 8.2.2.

8.3 The laboratory must, on an ongoing basis, spike at least 10% of
the samples from each sample site being monitored to assess accuracy.
For laboratories analyzing one to ten samples per month, at least one
spiked sample per month is required.

8.3.1 The concentration of the spike in the sample should be
determined as follows:
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8.3.1.1If, asin compliance monitoring, the concentration of a
specific parameter in the sample is being checked against a regulatory
concentration limit, the spike should be at that limit or 1 to 5 times
higher than the background concentration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.1.2 If the concentration of a specific parameter in the sample
is not being checked against alimit specific to that parameter, the
spike should be at the test concentration in Section 8.2.20r 1to 5
times higher than the background concentration determined in Section
8.3.2, whichever concentration would be larger.

8.3.1.3If it isimpractical to determine background levels before
spiking (e.g., maximum holding times will be exceeded), the spike
concentration should be (1) the regulatory concentration limit, if any;
or, if none (2) the larger of either 5 times higher than the expected
background concentration or the test concentration in Section 8.2.2.

8.3.2 Analyze one sample aliquot to determine the background
concentration (B) of each parameter. If necessary, prepare anew QC
check sample concentrate (Section 8.2.1) appropriate for the background
concentrations in the sample. Spike a second sample aliquot with 1.0 mL
of the QC check sample concentrate and analyze it to determine the
concentration after spiking (A) of each parameter. Calculate each
percent recovery (P) as 100(A-B)%/T, where T is the known true value of
the spike.

8.3.3 Compare the percent recovery (P) for each parameter with the
corresponding QC acceptance criteriafound in Table 3. These acceptance
criteriawere calculated to include an alowance for error in
measurement of both the background and spike concentrations, assuming a
spike to background ratio of 5:1. This error will be accounted for to
the extent that the analyst's spike to background ratio approaches 5:1.
\10\ If spiking was performed at a concentration lower than the test
concentration in Section 8.2.2, the analyst must use either the QC
acceptance criteriain Table 3, or optional QC acceptance criteria
calculated for the specific spike concentration. To calculate optional
acceptance criteria for the recovery of a parameter: (1) Calculate
accuracy (X') using the equation in Table 4, substituting the spike
concentration (T) for C; (2) calculate overall precision (S) using the
equation in Table 4, substituting X'
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for X; (3) calculate the range for recovery at the spike concentration
as (100 X'/T)<plus-minus<ls-thn-eq>2.44(100 S/T)%. \10\

8.3.4 If any individual P falls outside the designated range for
recovery, that parameter has failed the acceptance criteria. A check
standard containing each parameter that failed the criteria must be
analyzed as described in Section 8.4.

8.4 If any parameter fails the acceptance criteriafor recovery in
Section 8.3, a QC check standard containing each parameter that failed
must be prepared and analyzed.

Note: The frequency for the required analysis of a QC check standard
will depend upon the number of parameters being simultaneously tested,
the complexity of the sample matrix, and the performance of the
laboratory. If the entire list of parametersin Table 3 must be measured
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in the samplein Section 8.3, the probability that the analysis of a QC
check standard will be required is high. In this case the QC check
standard should be routinely analyzed with the spike sample.

8.4.1 Prepare the QC check standard by adding 1.0 mL of QC check
sample concentrate (Section 8.2.1 or 8.3.2) to 1 L of reagent water. The
QC check standard needs only to contain the parameters that failed
criteriain the test in Section 8.3.

8.4.2 Analyze the QC check standards to determine the concentration
measured (A) of each parameter. Calculate each percent recovery
(P<INF>s</INF>) as 100 (A/T)%, where T isthe true value of the standard
concentration.

8.4.3 Compare the percent recovery (P<INF>s</INF>) for each
parameter with the corresponding QC acceptance criteriafound in Table
3. Only parameters that failed the test in Section 8.3 need to be
compared with these criteria. If the recovery of any such parameter
falls outside the designated range, the laboratory performance for that
parameter is judged to be out of control, and the problem must be
immediately identified and corrected. The analytical result for that
parameter in the unspiked sample is suspect and may not be reported for
regulatory compliance purposes.

8.5 As part of the QC program for the laboratory, method accuracy
for wastewater samples must be assessed and records must be maintained.
After the analysis of five spiked wastewater samples asin Section 8.3,
calculate the average percent recovery (P) and the standard deviation of
the percent recovery (s<INF>p</INF>). Express the accuracy assessment as
apercent recovery interval from P-2 s<INF>p</INF> to P+2 s<INF>p</INF>.
If P=90% and s<INF>p</INF>=10%, for example, the accuracy interval is
expressed as 70-110%. Update the accuracy assessment for each parameter
on aregular basis (e.g. after each five to ten new accuracy
measurements).

8.6 It isrecommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices
that are most productive depend upon the needs of the laboratory and the
nature of the samples. Field duplicates may be analyzed to assess the
precision of the environmental measurements. When doubt exists over the
identification of a peak on the chromatogram, confirmatory techniques
such as gas chromatography with adissimilar column, specific element
detector, or mass spectrometer must be used. Whenever possible, the
laboratory should analyze standard reference materials and participate
in relevant performance evaluation studies.

9. Sample Collection, Preservation, and Handling

9.1 Grab samples must be collected in glass containers. Conventional
sampling practices \11\ should be followed, except that the bottle must
not be prerinsed with sample before collection. Composite samples should
be collected in refrigerated glass containersin accordance with the
requirements of the program. Automatic sampling equipment must be as
free as possible of Tygon tubing and other potential sources of
contamination.

9.2 All samples must beiced or refrigerated at 4 [deg]C from the
time of collection until extraction. If the sampleswill not be
extracted within 72 h of collection, the sample should be adjusted to a
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pH range of 5.0 to 9.0 with sodium hydroxide solution or sulfuric acid.
Record the volume of acid or base used. If aldrin isto be determined,
add sodium thiosulfate when residual chlorineis present. EPA Methods
330.4 and 330.5 may be used for measurement of residual chlorine. \12\
Field test kits are available for this purpose.

9.3 All samples must be extracted within 7 days of collection and
completely analyzed within 40 days of extraction. \2\

10. Sample Extraction

10.1 Mark the water meniscus on the side of the sample bottle for
later determination of sample volume. Pour the entire sample into a 2-L
separatory funnel.

10.2 Add 60 mL of methylene chloride to the sample bottle, seal, and
shake 30 sto rinse the inner surface. Transfer the solvent to the
separatory funnel and extract the sample by shaking the funnel for 2
min. with periodic venting to release excess pressure. Allow the organic
layer to separate from the water phase for aminimum of 10 min. If the
emulsion interface between layers is more than one-third the volume of
the solvent layer, the analyst must employ mechanical techniques to
compl ete the phase separation. The optium technique depends upon the
sample, but may include stirring, filtration of the emulsion through
glass wool, centrifugation, or other physical methods. Collect the
methylene chloride extract in a 250-mL Erlenmeyer flask.
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10.3 Add a second 60-mL volume of methylene chloride to the sample
bottle and repeat the extraction procedure a second time, combining the
extractsin the Erlenmeyer flask. Perform athird extraction in the same
manner.

10.4 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-
mL concentrator tube to a 500-mL evaporative flask. Other concentration
devices or techniques may be used in place of the K-D concentrator if
the requirements of Section 8.2 are met.

10.5 Pour the combined extract through a solvent-rinsed drying
column containing about 10 cm of anhydrous sodium sulfate, and collect
the extract in the K-D concentrator. Rinse the Erlenmeyer flask and
column with 20 to 30 mL of methylene chloride to complete the
guantitative transfer.

10.6 Add one or two clean boiling chips to the evaporative flask and
attach athree-ball Snyder column. Prewet the Snyder column by adding
about 1 mL of methylene chloride to the top. Place the K-D apparatus on
a hot water bath (60 to 65 [deg]C) so that the concentrator tube is
partially immersed in the hot water, and the entire lower rounded
surface of the flask is bathed with hot vapor. Adjust the vertical
position of the apparatus and the water temperature as required to
complete the concentration in 15 to 20 min. At the proper rate of
distillation the balls of the column will actively chatter but the
chambers will not flood with condensed solvent. When the apparent volume
of liquid reaches 1 mL, remove the K-D apparatus and allow it to drain
and cool for at least 10 min.

10.7 Increase the temperature of the hot water bath to about 80

file:////Questa/wi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (179 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

[deg]C. Momeéltarily remove the Snyder column, add 50 mL of hexane and a
new boiling chip, and reattach the Snyder column. Concentrate the
extract asin Section 10.6, except use hexane to prewet the column. The
elapsed time of concentration should be 5 to 10 min.

10.8 Remove the Snyder column and rinse the flask and its lower
joint into the concentrator tube with 1 to 2 mL of hexane. A 5-mL
syringe is recommended for this operation. Stopper the concentrator tube
and store refrigerated if further processing will not be performed
immediately. If the extract will be stored longer than two days, it
should be transferred to a Teflon-sealed screw-cap vial. If the sample
extract requires no further cleanup, proceed with gas chromatographic
analysis (Section 12). If the sample requires further cleanup, proceed
to Section 11.

10.9 Determine the original sample volume by refilling the sample
bottle to the mark and transferring the liquid to a 1000-mL graduated
cylinder. Record the sample volume to the nearest 5 mL.

11. Cleanup and Separation

11.1 Cleanup procedures may not be necessary for arelatively clean
sample matrix. If particular circumstances demand the use of a cleanup
procedure, the analyst may use either procedure below or any other
appropriate procedure. However, the analyst first must demonstrate that
the requirements of Section 8.2 can be met using the method as revised
to incorporate the cleanup procedure. The Florisil column allows for a
select fractionation of the compounds and will eliminate polar
interferences. Elemental sulfur, which interferes with the electron
capture gas chromatography of certain pesticides, can be removed by the
technique described in Section 11.3.

11.2 Florisil column cleanup:

11.2.1 Place aweight of Florisil (nominally 20 g) predetermined by
calibration (Section 7.5), into a chromatographic column. Tap the column
to settle the Florisil and add 1 to 2 cm of anhydrous sodium sulfate to
the top.

11.2.2 Add 60 mL of hexane to wet and rinse the sodium sulfate and
Florisil. Just prior to exposure of the sodium sulfate layer to the air,
stop the elution of the hexane by closing the stopcock on the
chromatographic column. Discard the eluate.

11.2.3 Adjust the sample extract volume to 10 mL with hexane and
transfer it from the K-D concentrator tube onto the column. Rinse the
tube twice with 1 to 2 mL of hexane, adding each rinse to the column.

11.2.4 Place a500-mL K-D flask and clean concentrator tube under
the chromatographic column. Drain the column into the flask until the
sodium sulfate layer is nearly exposed. Elute the column with 200 mL of
6% ethyl ether in hexane (V/V) (Fraction 1) at arate of about 5 mL/min.
Remove the K-D flask and set it aside for later concentration. Elute the
column again, using 200 mL of 15% ethyl ether in hexane (V/V) (Fraction
2), into a second K-D flask. Perform the third elution using 200 mL of
50% ethy! ether in hexane (V/V) (Fraction 3). The elution patterns for
the pesticides and PCBs are shown in Table 2.

11.2.5 Concentrate the fractions as in Section 10.6, except use
hexane to prewet the column and set the water bath at about 85 [deg]C.
When the apparatus is cool, remove the Snyder column and rinse the flask
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and its lower joint into the concentrator tube with hexane. Adjust the
volume of each fraction to 10 mL with hexane and analyze by gas
chromatography (Section 12).

11.3 Elemental sulfur will usually elute entirely in Fraction 1 of
the Florisil column cleanup. To remove sulfur interference from this
fraction or the original extract, pipet 1.00 mL of the concentrated
extract into a clean concentrator tube or Teflon-sealed vial. Add oneto
three drops of mercury and seal. \13\ Agitate the contents of the vial
for 15 to 30 s. Prolonged shaking (2 h) may be required. If so, this may
be accomplished with areciprocal shaker. Alternatively, activated
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copper powder may be used for sulfur removal. \14\ Analyze by gas
chromatography.

12. Gas Chromatography

12.1 Table 1 summarizes the recommended operating conditions for the
gas chromatograph. Included in this table are retention times and MDL
that can be achieved under these conditions. Examples of the separations
achieved by Column 1 are shown in Figures 1 to 10. Other packed or
capillary (open-tubular) columns, chromatographic conditions, or
detectors may be used if the requirements of Section 8.2 are met.

12.2 Calibrate the system daily as described in Section 7.

12.3 If the internal standard calibration procedureis being used,
theinternal standard must be added to the sample extract and mixed
thoroughly immediately before injection into the gas chromatograph.

12.4 Inject 2 to 5 [micro]L of the sample extract or standard into
the gas chromatograph using the solvent-flush technique. \15\ Smaller
(1.0 uL) volumes may be injected if automatic devices are employed.
Record the volume injected to the nearest 0.05 [micro]L, the total
extract volume, and the resulting peak sizein area or peak height
units.

12.5 Identify the parameters in the sample by comparing the
retention times of the peaks in the sample chromatogram with those of
the peaks in standard chromatograms. The width of the retention time
window used to make identifications should be based upon measurements of
actual retention time variations of standards over the course of aday.
Three times the standard deviation of aretention time for acompound
can be used to cal culate a suggested window size; however, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms.

12.6 If the response for a peak exceeds the working range of the
system, dilute the extract and reanalyze.

12.7 If the measurement of the peak responseis prevented by the
presence of interferences, further cleanup is required.

13. Calculations

13.1 Determine the concentration of individual compoundsin the
sample.
13.1.1 If the external standard calibration procedure is used,

file:////Questa/wi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (181 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

calculate the amount of material injected from the peak response using
the calibration curve or calibration factor determined in Section 7.2.2.
The concentration in the sample can be calculated from Equation 2.
[GRAPHIC] [TIFF OMITTED] TC15N091.108

Equation 2

where:

A=Amount of material injected (ng).
V<INF>i</INF>=Volume of extract injected ([micro]L).
V<INF>t</INF>=Volume of total extract ([micro]L).
V<INF>s</INF>=Volume of water extracted (mL).

13.1.2 If theinternal standard calibration procedureis used,
calculate the concentration in the sample using the response factor (RF)
determined in Section 7.3.2 and Equation 3.

[GRAPHIC] [TIFF OMITTED] TC15N091.109

Equation 3

where:

A<INF>s</INF>=Response for the parameter to be measured.
A<INF>is</INF>=Response for the internal standard.
I<INF>s</INF>=Amount of internal standard added to each extract

([micro]g).
V<INF>0</INF>=Volume of water extracted (L).

13.2 When it is apparent that two or more PCB (Aroclor) mixtures are
present, the Webb and McCall procedure \16\ may be used to identify and
quantify the Aroclors.

13.3 For multicomponent mixtures (chlordane, toxaphene, and PCBs)
match retention times of pesksin the standards with pesksin the
sample. Quantitate every identifiable peak unless interference with
individual peaks persist after cleanup. Add peak height or peak area of
each identified peak in the chromatogram. Calculate as total response in
the sample versus total response in the standard.

13.4 Report resultsin [micro]g/L without correction for recovery
data. All QC data obtained should be reported with the sample results.

14. Method Performance

14.1 The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. \1\ The MDL concentrations
listed in Table 1 were obtained using reagent water. \17\ Similar
results were achieved using representative wastewaters. The MDL actually
achieved in agiven analysis will vary depending on instrument
sensitivity and matrix effects.

14.2 This method has been tested for linearity of spike recovery
from reagent water and has been demonstrated to be applicable over the
concentration range from 4xMDL to 1000xMDL with the following
exceptions: Chlordane recovery at 4xMDL was low (60%); Toxaphene
recovery was demonstrated linear over the range of 10xMDL to 1000xMDL.
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\17\
14.3 This method was tested by 20 |aboratories using reagent water,
drinking water, surface water, and three industrial

[[Page 153]]

wastewaters spiked at six concentrations. \18\ Concentrations used in

the study ranged from 0.5 to 30 [micro]g/L for single-component
pesticides and from 8.5 to 400 [micro]g/L for multicomponent parameters.
Single operator precision, overall precision, and method accuracy were
found to be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equations to

describe these relationships are presented in Table 4.
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Table 1--Chromatographic Conditions and Method Detection Limits

Retention time (min) Method
detection
Parameter limit

Col.1 Coal.2 ([microjg/L)

[alphal-BHC.................... 135 182 0.003
[gammal-BHC.................... 1.70 213 0.004
[beta]-BHC...........ccoen.e. 1.90 197 0.006
Heptachlor.................... 2.00 3.35 0.003
[delta]-BHC..........cceuc.. 215 220 0.009
AldrN..ce 2.40 4.10 0.004
Heptachlor epoxide............. 3.50 5.00 0.083
Endosulfan I...........c.c..... 450 6.20 0.014
4,4-DDE.......cccoovvreunne. 5.13 7.15 0.004
Dieldrin......ccoooeevennee 5.45 7.23 0.002
Endrin......cccovviinnee 6.55 8.10 0.006
[[Page 154]]

4,4-DDD......ccocvereererne. 7.83 9.08 0.011
Endosulfan Il.................. 8.00 8.28 0.004
4,4-DDT..ooovrrrrerernns 9.40 11.75 0.012
Endrin aldehyde................ 11.82 9.30 0.023
Endosulfan sulfate............. 14.22 10.70 0.066
Chlordane.........ccccccueneee. mr mr 0.014
Toxaphene......c.ccoveeenee. mr mr 0.24
PCB-1016........ccccvruenen. mr mr nd

file:////Questa/wipp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt (184 of 476)4/7/2009 10:30:52 AM



file://l/Questalwi pp_common/WRES/Permit%20Refrences/40%20CFR%20Part%20136.txt

PCB-1221........cccccoveunen. mr mr nd
PCB-1232........cccvevvennnen. mt mr nd
PCB-1242....................... mr mr 0.065
PCB-1248....................... mr mr nd
PCB-1254.........ccccovvuenen. mr mr nd
PCB-1260.........c.ccveuree... mr mr nd

AColumn 1 conditions: Supelcoport (100/120 mesh) coated with 1.5% SP-
2250/1.95% SP-2401 packed in a1.8 m long x 4 mm ID glass column with
5% methane/95% argon carrier gas at 60 mL/min flow rate. Column
temperature held isothermal at 200 [deg] C, except for PCB-1016 through
PCB-1248, should be measured at 160 [deg]C.

AColumn 2 conditions: Supelcoport (100/120 mesh) coated with 3% OV-1
packed in a1.8 mlong x 4 mm ID glass column with 5% methane/95%
argon carrier gas at 60 mL/min flow rate. Column temperature held
isothermal at 200 [deg]C for the pesticides; at 140 [deg]C for PCB-

1221 and 1232; and at 170 [deg]C for PCB-1016 and 1242 to 1268.

Amr=Multiple peak response. See Figures 2 thru 10.

And=Not determined.

Table 2--Distribution of Chlorinated Pesticides and PCBsinto Florisil
Column Fractions 2

Percent recovery by fraction \a\

Parameter
1 2 3

Aldrin.....ooeeeececee 100 .iiiies e,
[alpha]-BHC...........ccuc.. 100 s e
[beta]-BHC..........cccene... S A
[delta]-BHC.........ccvne... 98 it e
[gamma]-BHC...................... 100 ieies e
Chlordane...........cccuou..... 100 s s
4,4-DDD.....courereeeeeinn 99 et s
4,4 -DDE.....cccovveieernnn 98 et e
A44-DDT.ccveerrerreiereirens 100 .iiies e
Didldrin.......cccoeeveeneee. 0 100 ...........
Endosulfan I..................... 37 64 ...
Endosulfan Il..........c......... 0 7 91
Endosulfan sulfate............... 0 0 106
Endrin......ccccoeeevveveenenn. 4 9% ...........
Endrin aldehyde.................. 0 68 26
Heptachlor...........cccucu.e. 100 .ooiiiis e
Heptachlor epoxide............... 100 .ooiieies e
Toxaphene........ccceveeene. 96 s e
PCB-1016.........cccceevenenne. L R
PCB-1221........ccccevvevennee. 97 et e
PCB-1232......cccoveeveenne. 95 4 ...
PCB-1242..........ccoveueuenn. 97 et e
PCB-1248.........ccccooevvnne. 103 et s
PCB-1254.........ccooveurnne. 90 it e
PCB-1260..........cceeveuennee 95 et e
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\a\ Eluant composition:
Fraction 1-6% ethyl ether in hexane.
Fraction 2-15% ethy! ether in hexane.
Fraction 3-50% ethyl ether in hexane.

Table 3--QC Acceptance Criteria--Method 608

Range for
Testconc. Limitfors X Range for
Parameter ([micro]g/ ([micro]g/L) ([microlg/ P, Ps(%)
L) L)
ALGHN. e 2.0 0.42 1.08-2.24 42-122
[alpha]-BHC.........ccceiiiiiiirreecee 20 0.48 0.98-2.44 37-134
[beta]-BHC........coirrecieececceeneneeene 20 0.64 0.78-2.60 17-147
[delta]-BHC........cccouninrrrrreeeeeeeeenes 20 0.72 1.01-2.37 19-140
[gammal-BHC..........ccccvmiieciccirerne, 2.0 0.46 0.86-2.32 32-127
[[Page 155]]
Chlordane........c.coeoeenrnnenirieeceecees 50 10.0 27.6-54.3 45-119
4,4°-DDD.....oeiecieeeeeee s 10 2.8 48126 31-141
4,4"-DDE.......ccoviiiieecectteees 2.0 0.55 1.08-2.60 30-145
B4 -DDT ..ottt 10 36 46-13.7 25-160
DIieldrin....ccooeeeeiceeecceee e 2.0 0.76 1.15-2.49 36-146
Endosulfan ..o 2.0 0.49 1.14-2.82 45-153
Endosulfan Il.........ccoveeeeceiiccninineene 10 6.1 2.2-17.1 D-202
Endosulfan Sulfate...........cocvvviveeeeirienencninene 10 27 38132 26-144
ENrin....cccooininnieeeeee e 10 3.7 51126 30-147
Heptachlor.........ccocvevrnreccccce 2.0 0.40 0.86-2.00 34-111
Heptachlor epoxide..........ccocoveerrrenriecnenen. 20 0.41 1.13-2.63 37-142
TOXAPNENE......viie e 50.0 12.7 27.8-55.6 41-126
PCB-1016........couvuierirererieieieieieieieeenesesenenens 50 10.0 30.5-51.5 50-114
PCB-1221......ccooieeiieeeeiererereetneesne e 50 244 221-75.2 15-178
PCB-1232......coieiieeieieieeereeeeeene e 50 179 14.0-985 10-215
PCB-1242........oooiiirieeieeieeeeeenene e 50 12.2 24.8-69.6 39-150
PCB-1248.........coiiireiereereennnen s 50 159 29.0-70.2 38-158
PCB-1254........ocooiiiieieieieiereesseesen e 50 13.8 22.2-57.9 29-131
PCB-1260........cccouierirereeieieieieieieieeenene e 50 104 18.7-54.9 8-127

s=Standard deviation of four recovery measurements, in [micro]g/L (Section 8.2.4).
X=Average recovery for four recovery measurements, in [micro]g/L (Section 8.2.4).
P, Ps=Percent recovery measured (Section 8.3.2, Section 8.4.2).

D=Detected; result must be greater than zero.

Note: These criteria are based directly upon the method performance datain Table 4. Where necessary, the limits

for recovery have been broadened to assure applicability of the limits to concentrations below those used to
develop Table 4.
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Table 4--Method Accuracy and Precision as Functions of Concentration--Method 608

Accuracy,as  Single analyst
Parameter recovery, X' precision, s''  Overal precision,

([micro]g/L) ([micro]g/L) S ([micro]g/L)
ALAMN. s 0.81C+0.04 0.16X-0.04 0.20X-0.01
[apha]-BHC.........cccoeeeriiiriirne 0.84C+0.03 0.13X+0.04 0.23X-0.00
[beta]-BHC.........ccoeeeiiiirinrins 0.81C+0.07 0.22X-0.02 0.33X-0.05
[delta]-BHC........cccceoienenninrirniriinieae 0.81C+0.07 0.18X+0.09 0.25X+0.03
[gammal-BHC........c.cccorrrrrirrccienene 0.82C-0.05 0.12X+0.06 0.22X+0.04
Chlordane.........cccoovvrnniicceccnes 0.82C-0.04 0.13X+0.13 0.18X+0.18
4,4-DDD.....correreieiereeieeieeeees 0.84C+0.30 0.20X-0.18 0.27X-0.14
44 -DDE......cconrriirreeeeeeeeens 0.85C+0.14 0.13X+0.06 0.28X-0.09
B4 -DDT.oovtviririrrirririee e 0.93C-0.13 0.17X+0.39 0.31X-0.21
Dieldrin. ..o 0.90C+0.02 0.12X+0.19 0.16X+0.16
Endosulfan I.......ccccooeieieinieneecneee 0.97C+0.04 0.10X+0.07 0.18X+0.08
Endosulfan 1l........cccceeeninnnnnnininnns 0.93C+0.34 0.41X--0.65 0.47X-0.20
Endosulfan Sulfate...........c.coceerevecerirene. 0.89C-0.37 0.13X+0.33 0.24X+0.35
ENrin.....ccoonnnnineeeeeecee 0.89C-0.04 0.20X+0.25 0.24X+0.25
Heptachlor........coooveieiieee 0.69C+0.04 0.06X+0.13 0.16X+0.08
Heptachlor epoxide..........occvrreeerinecnenns 0.89C+0.10 0.18X-0.11 0.25X-0.08
ToXaphene......cceeeiiiirre e 0.80C+1.74 0.09X+3.20 0.20X+0.22
PCB-1016.......cccueveueveeeirieeinenenenesinieens 0.81C+0.50 0.13X+0.15 0.15X+0.45
PCB-1221.......oooieeieicieireeninisereeisieas 0.96C+0.65 0.29X-0.76 0.35X-0.62
PCB-1232.......cooieeiereeinenieesnnas 0.91C+10.79 0.21X-1.93 0.31X+3.50
PCB-1242.........coiieeiiienreresieas 0.93C+0.70 0.11X+1.40 0.21X+1.52
PCB-1248.........coeeeeieiieeninirenenssieas 0.97C+1.06 0.17X+0.41 0.25X-0.37
PCB-1254.......coieeeieireeninirenessiniens 0.76C+2.07 0.15X+1.66 0.17X+3.62
PCB-1260.........cccereveeiiriiiirirenesesinnenes 0.66C+3.76 0.22X-2.37 0.39X-4.86

X'=Expected recovery for one or more measurements of a sample containing a concentration of C, in [micro]g/L.

sr'=Expected single analyst standard deviation of measurements at an average concentration found of X, in
[micro]g/L.

S=Expected interlaboratory standard deviation of measurements at an average concentration found of X, in
[micro]g/L.

C=True value for the concentration, in [micro]g/L.

X=Average recovery found for measurements of samples containing a concentration of C, in [micro]g/L.
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Method 609--Nitroaromatics and | sophorone
1. Scope and Application
1.1 This method covers the determination of certain nitroaromatics

and isophorone. The following parameters may be determined by this
method:

Parameter STORET No. CASNo.
2,4-Dinitrotoluene..........cc.ccoveeueennne 34611 121-14-2
2,6-Dinitrotoluene.........ccccceeueeeunennee 34626 606-20-2
1S0PhOroNe.......covveeeeceeeee 34408  78-59-1
Nitrobenzene..........ccceeevvevecvenenne. 34447  98-95-3
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1.2 Thisis agas chromatographic (GC) method applicable to the
determination of

[[Page 166]]

the compounds listed above in municipal and industrial discharges as
provided under 40 CFR 136.1. When this method is used to analyze
unfamiliar samples for any or al of the compounds above, compound
identifications should be supported by at |east one additional

qualitative technique. This method describes analytical conditions for a
second gas chromatographic column that can be used to confirm
measurements made with the primary column. Method 625 provides gas
chromatograph/mass spectrometer (GC/MS) conditions appropriate for the
qualitative and quantitative confirmation of results for al of the
parameters listed above, using the extract produced by this method.

1.3 The method detection limit (MDL, defined in Section 14.1) \1\
for each parameter islisted in Table 1. The MDL for a specific
wastewater may differ from those listed, depending upon the nature of
interferences in the sample matrix.

1.4 The sample extraction and concentration steps in this method are
essentially the same asin Methods 606, 608, 611, and 612. Thus, a
single sample may be extracted to measure the parameters included in the
scope of each of these methods. When cleanup is required, the
concentration levels must be high enough to permit selecting aliquots,
as necessary, to apply appropriate cleanup procedures. The analyst is
allowed the latitude, under Section 12, to select chromatographic
conditions appropriate for the simultaneous measurement of combinations
of these parameters.

1.5 Any modification of this method, beyond those expressly
permitted, shall be considered as a major modification subject to
application and approval of alternate test procedures under 40 CFR 136.4
and 136.5.

1.6 This method is restricted to use by or under the supervision of
analysts experienced in the use of a gas chromatograph and in the
interpretation of gas chromatograms. Each analyst must demonstrate the
ability to generate acceptable results with this method using the
procedure described in Section 8.2.

2. Summary of Method

2.1 A measured volume of sample, approximately 1-L, is extracted
with methylene chloride using a separatory funnel. The methylene
chloride extract is dried and exchanged to hexane during concentration
to avolume of 10 mL or less. Isophorone and nitrobenzene are measured
by flame ionization detector gas chromatography (FIDGC). The
dinitrotoluenes are measured by electron capture detector gas
chromatography (ECDGC). \2\

2.2 The method provides aFlorisil column cleanup procedure to aid
in the elimination of interferences that may be encountered.

3. Interferences

3.1 Method interferences may be caused by contaminants in solvents,
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reagents, glassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated baseliles in gas chromatograms. Al

of these materials must be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory
reagent blanks as described in Section 8.1.3.

3.1.1 Glassware must be scrupulously cleaned. \3\ Clean all
glassware as soon as possible after use by rinsing with the last solvent
used in it. Solvent rinsing should be followed by detergent washing with
hot water, and rinses with tap water and distilled water. The glassware
should then be drained dry, and heated in a muffle furnace at 400 [deg]C
for 15 to 30 min. Some thermally stable materials, such as PCBs, may not
be eliminated by this treatment. Solvent rinses with acetone and
pesticide quality hexane may be substituted for the muffle furnace
heating. Thorough rinsing with such solvents usually eliminates PCB
interference. Volumetric ware should not be heated in a muffle furnace.
After drying and cooling, glassware should be sealed and stored in a
clean environment to prevent any accumulation of dust or other
contaminants. Store inverted or capped with aluminum foil.

3.1.2 The use of high purity reagents and solvents helps to minimize
interference problems. Purification of solvents by distillation in all-
glass systems may be required.

3.2 Matrix interferences may be caused by contaminants that are co-
extracted from the sample. The extent of matrix interferences will vary
considerably from source to source, depending upon the nature and
diversity of the industrial complex or municipality being sampled. The
cleanup procedure in Section 11 can be used to overcome many of these
interferences, but unique samples may require additional cleanup
approaches to achievethe MDL listed in Table 1.

4., Safety

4.1 Thetoxicity or carcinogenicity of each reagent used in this
method has not been precisely defined; however, each chemical compound
should be treated as a potential health hazard. From this viewpoint,
exposure to these chemicals must be reduced to the lowest possible level
by whatever means available. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the
safe handling of the chemicals specified in this method. A reference
file of material data handling sheets should & so be made available to
all personnel involved in the chemical analysis. Additional references
to laboratory safety are available and have been identified
<SUP>4-6</SUP> for the information of the analyst.
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5. Apparatus and Materials

5.1 Sampling equipment, for discrete or composite sampling.
5.1.1 Grab sample bottle--1-L or 1-gt, amber glass, fitted with a
screw cap lined with Teflon. Foil may be substituted for Teflon if the
sampleis not corrosive. If amber bottles are not available, protect
samples from light. The bottle and cap liner must be washed, rinsed with
acetone or methylene chloride, and dried before use to minimize
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contamination.

5.1.2 Automatic sampler (optional)--The sampler must incorporate
glass sample containers for the collection of a minimum of 250 mL of
sample. Sample containers must be kept refrigerated at 4 [deg]C and
protected from light during compositing. If the sampler uses a
peristaltic pump, a minimum length of compressible silicone rubber
tubing may be used. Before use, however, the compressible tubing should
be thoroughly rinsed with methanol, followed by repeated rinsings with
distilled water to minimize the potential for contamination of the
sample. An integrating flow meter is required to collect flow
proportional composites.

5.2 Glassware (All specifications are suggested. Catalog numbers are
included for illustration only.):

5.2.1 Separatory funnel--2-L, with Teflon stopcock.

5.2.2 Drying column--Chromatographic column, approximately 400 mm
long x 19 mm ID, with coarse frit filter disc.

5.2.3 Chromatographic column--100 mm long x 10 mm ID, with Teflon
stopcock.

5.2.4 Concentrator tube, Kuderna-Danish--10-mL, graduated (Kontes K-
570050-1025 or equivalent). Calibration must be checked at the volumes
employed in the test. Ground glass stopper is used to prevent
evaporation of extracts.

5.2.5 Evaporative flask, Kuderna-Danish--500-mL (K ontes K-570001-
0500 or equivalent). Attach to concentrator tube with springs.

5.2.6 Snyder column, Kuderna-Danish--Three-ball macro (Kontes K-
503000-0121 or equivalent).

5.2.7 Snyder column, Kuderna-Danish--Two-ball micro (Kontes K-
569001-0219 or equivalent).

5.2.8 Vias-10to 15-mL, amber glass, with Teflon-lined screw cap.

5.3 Bailing chips--Approximately 10/40 mesh. Heat to 400 [deg]C for
30 min or Soxhlet extract with methylene chloride.

5.4 Water bath--Heated, with concentric ring cover, capable of
temperature control (<plus-minus<ls-thn-eq>2 [deg] C). The bath should be
used in a hood.

5.5 Balance--Analytical, capable of accurately weighing 0.0001 g.

5.6 Gas chromatograph--An analytical system complete with gas
chromatograph suitable for on-column injection and all required
accessories including syringes, analytical columns, gases, detector, and
strip-chart recorder. A data system is recommended for measuring peak
aress.

5.6.1 Column 1--1.2 m long x 2 or 4 mm ID glass, packed with 1.95%
QF-1/1.5% OV-17 on Gas-Chrom Q (80/100 mesh) or equivalent. This column
was used to devel op the method performance statements given in Section
14. Guidelines for the use of alternate column packings are provided in
Section 12.1.

5.6.2 Column 2--3.0 m long x 2 or 4 mm ID glass, packed with 3% OV -
101 on Gas-Chrom Q (80/100 mesh) or eguivalent.

5.6.3 Detectors--Flame ionization and electron capture detectors.

The flame ionization detector (FID) is used when determining isophorone

and nitrobenzene. The electron capture detector (ECD) is used when

determining the dinitrotoluenes. Both detectors have proven effective in

the analysis of wastewaters and were used in develop the method

performance statements in Section 14. Guidelines for the use to
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alternate detectors are provided in Section 12.1.
6. Reagents

6.1 Reagent water--Reagent water is defined as awater in which an
interferent is not observed at the MDL of the parameters of interest.

6.2 Sodium hydroxide solution (10 N)--Dissolve 40 g of NaOH (ACS) in
reagent water and dilute to 100 mL.

6.3 Sulfuric acid (1+1)--Slowly, add 50 mL of
H<INF>2</INF>SO<INF>4</INF> (ACS, sp. gr. 1.84) to 50 mL of reagent
water.

6.4 Acetone, hexane, methanol, methylene chloride--Pesticide quality
or equivalent.

6.5 Sodium sulfate--(ACS) Granular, anhydrous. Purify by heating at
400 [deg]C for 4 hin ashallow tray.

6.6 Florisil--PR grade (60/100 mesh). Purchase activated at 1250
[deg]F and store in dark in glass containers with ground glass stoppers
or foil-lined screw caps. Before use, activate each batch at least 16 h
at 200 [deg]C in afoil-covered glass container and allow to cool.

6.7 Stock standard solutions (1.00 [micro]g/[micro] L)--Stock
standard solutions can be prepared from pure standard materials or
purchased as certified solutions.

6.7.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure material. Dissolve the material in hexane and dilute to
volumein a10-mL volumetric flask. Larger volumes can be used at the
convenience of the analyst. When compound purity is assayed to be 96% or
greater, the weight can be used without correction to calculate the
concentration of the stock standard. Commercially prepared stock
standards can be used at any concentration if they are certified by the
manufacturer or