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>>>> Thisarticle, FR94, isdivided into fivefiles. ThisisFile A: Corrections for Part 261
through Part 270. Technical Amendments to Part 261 through 3.2.7.4 of Appendix IX to Part
266. <<<<

ENVIRONMENTAL PROTECTION AGENCY

40 CFR Parts 260, 261, 264, 265, 266, 270, and 271
[EPA/OSW-FR-91- SWH-FRL-39689]

Burning of Hazardous Waste in Boilers and Industrial Furnaces
AGENCY:: Environmenta Protection Agency (EPA).

ACTION: Final rule: corrections; technica amendments.

SUMMARY : On February 21, 1991, the Environmental Protection Agency (EPA) published a
final rule to regulate air emissions from the burning of hazardous waste in boilers and industria
furnaces (56 FR 7134). Today's notice corrects typographical and editorial errors that appeared in
the regulatory text, including corrections to appendices I and 111, and adds two appendices,
appendix I X and appendix X, to part 266. Appendices I X and X were not ready at the time of
publication; therefore, a note was placed in the appropriate location in the rule to inform readers
that these appendices were to be published at alater date. Copies of these appendices were,
however, made available to the public through the RCRA Docket maintained at EPA and through
the National Technical Information Service (NTIS).

EFFECTIVE DATE: The effective date of the rule remains August 21, 1991.

FOR FURTHER INFORMATION CONTACT: For genera information, contact the RCRA
Hotline at (800) 424-9346 (toll-free) or (703) 920-9810. For more specific aspects of the findl
rule, contact Shiva Garg, Office of Solid Waste (0S-322), U.S. Environmenta Protection Agency,
401 M Street, SW., Washington, DC 20460 (703) 308-8460.

>>>> Preamble has not been included in thisfile. <<<<

A. Technical Corrections

In rule document number 91-2667, beginning on page 7134 in the Federal Register
published on Thursday, February 21, 1991, make the following corrections:



PART 261-[AMENDED]

1. On page 7206, third column, in amendment 2 to part 261, add the following at the
beginning of line 3 of the amendatory language of § 261.2: ", paragraph (d)(3) as (d)(4) and
paragraph (d)(4) as (d)(5)". The corrected amendatory language will read as follows:

"2. Section 261.2 is amended by redesignating paragraph (d)(2) as (d)(3), paragraph
(d)(3) as (d)(4), and paragraph (d)(4) as (d)(5), and adding a new paragraph (d)(2) to read as
follows:"

PART 266-[AMENDED]
§266.100 [Corrected)]

2. On page 7208, second column, in 8 266.100(b)(2), line 3, replace the period after
"recovery" with a semicolon.

3. On page 7208, second column, in § 266.100(b)(3), line 7, change "8 261.5 of this
chapter." to "§ 261.5 of this chapter; and .

§266.102 [Corrected)]

4. On page 7209, second column, in 8 266.102(b)(1), line 12, change "for the Evaluation
of Solid Waste" to "for Evaluating Solid Waste".

5. On page 7210, first column, in § 266.102, the paragraph designated as " (d)(4)(iii)(D)"
should be designated as " (d)(4)(iv)".

6. On page 7210, third column, in 8 266.102(e)(4)(i)(C), line 1, insert "A" between "(C)"
and "sampling".

7. On page 7211, second column, in 8§ 266.102(e)(6) heading, line 1, change
"paramenters’ to "parameters’.

8. On page 7211, third column, in § 266.102(e)(6)(i)(B)(1)(ii), line 2, change "means’ to
"mean".

9. On page 7211, third column, at two locations: In lines 30 and 59, the number "2" in
each subparagraph (2) heading of § 266.102(e)(6)(i)(B) and 8§ 266.102(e)(6)(ii)(B), respectively,
should be italicized.

10. On page 7211, third column, in 8§ 266.102(€)(6)(ii), line 10, change "opeator” to
"operator".



11. On page 7211, third column, in § 266.102(e)(6)(ii)(B)(2), lines 3 and 4, change
"arithmetic mean of the most recent one hour block average for the average period" to "arithmetic
mean of one hour block averages for the averaging period”.

12. On page 7212, first column, in § 266.102(e)(6)(iv)(B), line 15, delete the comma
between "§ 266.106(f)" and "need".

§266.103 [Corrected)]

13. On page 7213, first column, in 8 266.103(a)(1)(ii), line 7, insert "or" between "burn"
and "to".

14. On page 7214, first column, in 8 266.103(b)(2)(ii)(A), line 4, insert "and" between
"gslver" and "thalium".

15 On page 7214, first column, in 8§ 266.103(b)(2)(ii)(B), line 3, the reference to
"(b)(ii)(A)" should read " (b)(2)(ii)(A)".

16. On page 7214, first column, in 8 266.103(b)(2)(ii)(D), line 4, the reference to
"(b)(ii)(B) or (b)(ii)(C)" should read "(b)(2)(ii)(B) or (b)(2)(ii)(C)".

17. On page 7214, second column, line 3, in § 266.103(b)(2)(iv), change "paticulate” to
"particulate”.

18. On page 7214, second column, in 8§ 266.103(b)(2)(v)(A)(5), line 2, change "eqivalent”
to "equivalent".

19. On page 7214, second column, in § 266.103(b)(2)(v)(A)(5), line 4, replace the period
after "facility” with a semicolon.

20. On page 7214, second column, in § 266.103(b)(2)(vi), line 3, change "HC1" to "HCI".

21. On page 7214, third column, in § 266.103(b)(3)(ii), line 2, replace the semicolon after
"streams’ with a colon.

22. On page 7215, first column, in 8§ 266.103(b)(5)(ii)(B), line 1, change "meat" to
"meet”.

23. On page 7215, first column, at two locations: in lines 38 and 66, the number "1" in
each subparagraph (1) heading of § 266.103(b)(5)(i)(B) and 8§ 266.103(b)(5)(ii)(B), respectively,
should be italicized.

24. On page 7215, first column, line 46, the number "2" in the subparagraph (2) heading
of § 266.103(b)(5)(i)(B) should be italicized.



25. On page 7215, second column, line 4, the number "2" in the subparagraph (2) heading
of §266.103(b)(5)(ii)(B) should be italicized.

26. On page 7215, second column, in § 266.103(b)(5)(ii)(B)(2), line 3 and 4, change
"arithmetic mean of the most recent one hour block averages' to "arithmetic mean of one hour
block averages'.

27. On page 7215, second column, in § 266.103(b)(6) introductory text, lines 2 and 3,
change "[the effective date of thisrule]" to "August 21, 1991".

28. On page 7216, first column, in 8§ 266.103(c), lines 1 and 2, delete "On or before
August 21, 1992", capitalize the "t" in "the", and insert "on or before August 21, 1992" in line 12
between "Director" and "a".

29. On page 7216, first column, in 8 266.103(c)(1), line 10, add "and al applicable
emissions standards" after "limits".

30. On page 7216, second column, in 8 266.103(c)(1)(iv), line 3, change "light-weighted"
to "light-weight".

31. On page 7216, second column, in 8 266.103(c)(1)(ix), line 8, replace the semicolon
after "(e))" with acolon.

32. On page 7216, third column, in § 266.103(c)(1)(xi), lines 1, change "system" to
"systems', and in line 7, replace the semicolon after "(€))" with a colon.

33. On page 7216, third column, in § 266.103(c)(1)(xii), line 8, replace the semicolon after
"(e))" with a colon.

34. On page 7217, third column, in 8 266.103(c)(4)(1)(C), line 2, change "test" to
"testing".

35. On page 7217, third column, in 8 266.103(c)(4)(ii)(B)(5), line 3, change "averge" to
"average'.

36. On page 7218, second column, in § 266.103(c)(4)(iv)(C)(2)(ii), lines 3 and 4, change
"the arithmetic mean of the most recent one hour block averages for the averaging period” to
"arithmetic mean of one hour block averages for the averaging period".

37. On page 7218, third column, in 8 266.103(c)(7)(i)(A), line 3, change "(1)" (one) to
"(1)" (lower case"d").

38. On page 7218, third column, in 8 266.103(c)(7)(i)(B), delete the last word "to" in line
1 and replace by "only for purposes of compliance testing (and pretesting to prepare for
compliance testing)".



39. On page 7219, first column, in 8§ 266.103(c)(7)(i1)(B)(1)(ii), line 7, insert a period after
"HCI/CL,".

40. On page 7219, first column, line 18, the number "2" in the subparagraph (2) heading
of § 266.103(c)(7)(ii)(B) should be italicized.

41. On page 7219, third column, in 8§ 266.103(g)(1), line 1, change "or" to "of".
§266.104 [Corrected)]

42. On page 7220, second column, in § 266.104(a)(1), change the equation:

1-W,,
DRE = [ ] X 100
Win
to:
Wou
DRE = [ 1 ] X100
W

in

43. On page 7220, third column, in § 266.104(a)(3), in line 12, change "tetrra-," to "tetra-
;" and in line 16, the reference to "paragraph (a)" should read "paragraph (a)(1)".

44. On page 7220, third column, in 8§ 266.104(b)(2), lines 5 through 7, change "in
Hazardous Waste Incinerators, Boilers, and Industrial Furnaces' to "for Incinerators, Boilers, and
Industrial Furnaces Burning Hazardous Waste'.

45. On page 7221, first column, in 8 266.104(c)(3), lines 3 through 6, change
"Performance Specifications for Continuous Emission Monitoring of Hydrocarbons for
Incinerators, Boilers and Industrial Furnaces' to "Performance Specifications for Continuous
Emission Monitoring of Hydrocarbons for Incinerators, Boilers, and Industrial Furnaces Burning
Hazardous Waste"; and in line 7, insert "and" between "CO" and "oxygen".

46. On page 7221, second column, line 3, in § 266.104(e)(1), insert "(PCDDs)" after
"Dibenzo-p-Dioxins’, and in line 6, replace the period at the end of the sentence after "part” with
asemicolon.

47. On page 7221, second column, in 8 266.104(e)(2), line 13, replace the period at the
end of the sentence after "TCDD" with a semicolon.

48. On page 7221, second column, in 8§ 266.104(e)(4), line 6, insert a before "2.2".



49. On page 7221, third column, in 8 266.104(f)(3)(iii), line 4, change "conducts" to
"conduct”.

50. On page 7222, first column, the paragraph designated as "(g)2." of § 266.104, should
be designated as "(g)(2)".

§266.106 [Corrected)]

51. On page 7222, second column, in § 266.106(a), line 9, change "for Evaluation Solid
Waste'" to "for Evaluating Solid Waste'.

52. On page 7222, third column, in the equation after line 3, in 8§ 266.106(b)(2)(i), change
"<1.0" to" <1.0", and change "n = numer of carcinogenic metals' to "n = number of carcinogenic
metals'.

53. On page 7222, third column, in 8 266.106(b)(2)(ii)(B), line 2, insert "as defined in 8
266.102(e)(6)(i1)" between "hours" and "with".

54. On page 7222, third column, in § 266.106(b)(5), line 7, insert "shall be used" at the
end of the sentence before the period.

55. On page 7223, first column, in § 266.106(b)(6), in the equation after line 15, change
lines 5 and 6 of the equation that read "K = physical stack height (meters); K = stack gas flow rate
(m*/second); and" to read: "H = physical stack height (meters); V = stack gas flow rate
(m*/second); and".

56. On page 7223, second column, in § 266.106(c)(2), in the equation after line 12, delete
the minus sign after "AER(i)".

57. On page 7223, third column, the equation in 8§ 266.106(d)(3) is revised to read as
below:

n Predicted Ambient
Concentration
DY

i=1
Risk-Specific Dosgy,

58. On page 7224, first column, in 8 266.106(€e), in line 8, change "each” to "a", and in line
10, change "levels' to "leve".



59. On page 7224, first column, in 8 266.106(f)(2)(ii) introductory text, delete the
semicolon after "metal".

60. On page 7224, second column, line 3, in 8 266.106(f)(2)(ii)(B), change "ratio" to
"ratios’".

§266.107 [Corrected)]

61. On page 7224, second column, in § 266.107(a), line 4, change "provided by
paragraphs (b), (c), or (d) of" to "provided by paragraph (b) or (c) of".

62. On page 7224, third column, in § 266.107(b)(2) heading, line 1, change "screen” to
"screening’”.

63. On page 7224, third column, in § 266.107(b)(3), line 9, change "screen” to
"screening’”.

64. On page 7225, first column, in § 266.107(d), change the paragraphs designated as
"(i)"and"(i)" to"(2)" and "(2)".

65. On page 7225, first column, in § 266.107(e), in line 3, insert "limit" between
"screening” and "provided”, and in line 4, the reference to "Appendix 1" should read " Appendix
",

66. On page 7225, first column, in 8 266.107(h), line 5, change "his" to "this".
§266.108 [Corrected)]

67. On page 7225, first column, in § 266.108(a), in the heading, line 1, change
"Exemption” to "Exempt", and in the introductory text, line 5, change "section" to "subpart”.

68. On page 7225, second column, first column of the table entitled "Exempt Quantities
for Small Quantity Burner Exemption™ in 8 266.108(a)(1), insert "to" between "10.0" and "11.9".

69. On page 7225, second column, in 8 266.108(c), in the equation after line 7, change
"<1.0" to "<1.0", and in the line after the equation that reads " Allowable Quantity Burned, means
the", delete the comma after "Burned”.
§266.109 [Corrected)]

70. On page 7225, third column, in § 266.109(a)(1)(i), in line 4, change "of" to "on", and
in line 8, delete the apostrophe after "fuel” and replace it with an end quotation mark.

71. On page 7226, first column, in § 266.109(a)(2)(iv) introductory text, line 3, change
the reference to "()(iii)" to "(a)(2)(iii)".



72. On page 7226, first column, in § 266.109(a)(2)(iv)(A), line 2, change "componds' to
"compounds".

73. On page 7226, first column, in § 266.109(b)(2), line 2, add "or adjusted Tier I"
between "I" and "metals’.

§266.110 [Corrected)]

74. On page 7226, third column, line 4, in § 266.110(f)(3), insert "the" between "of" and
"fud".

75. On page 7227, third column, line 11, "§ 266.122" should correctly be designated as "8
266.112".

Part 266, Appendix | [Amended]

76. On page 7228, in appendix | to part 266, in the title for Table I-A, change
"Carcinogenic" to "Noncarcinogenic".

77. On page 7230, in appendix | to part 266, Table I-D: under "Valuesfor usein rura
areas’, the first column "Beryllium" is moved so that it appears as the fifth column under "Values
for usein urban areas’. Also under "Values for use in urban areas’, in second column under
"Arsenic g/hr", change "9.6E + 01" corresponding to aterrain adjusted eff. stack ht. of 16 meters
to "9.6E-01".

78. On page 7230, in appendix | to part 266, Table I-E, in column 2, change "4.3-01"
corresponding to "Terrain adjusted eff. stack ht. (m)" of 12 metersin the first column to "4.3E-
01".

79. On page 7231, appendix Il to part 266 is corrected to read as follows:

Appendix Il.-Tier | Feed Rate Screening Limts for Total Chlorine
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18 1.9E + 02 1.4E + 02 1. 2E + 02
20 2.1E + 02 1.8E + 02 1.3E + 02
22 2.4E + 02 2.3E + 02 1.4E + 02
24 2.7E + 02 2.9E + 02 1. 6E + 02
26 3.1E + 02 3.7E + 02 1.7E + 02
28 3.5E + 02 4. 7E + 02 1.9E + 02
30 3.9E + 02 5.8E + 02 2.1E + 02
35 5.3E + 02 9. 6E + 02 2.6E + 02
40 6. 2E + 02 1.4E + 03 3.3E + 02
45 8.2E + 02 2.0E + 03 4. 0E + 02
50 1.1E + 03 2.6E + 03 4. 8E + 02
55 1.3E + 03 3.5E + 03 6. 2E + 02
60 1. 6E + 03 4. 6E + 03 7.7E + 02
65 2.0E + 03 6. 2E + 03 9.1E + 02
70 2.3E + 03 7.2E + 03 1. 1E + 03
75 2.5E + 03 8.6E + 03 1. 2E + 03
80 2.9E + 03 1.0E + 04 1.3E + 03
85 3.3E + 03 1.2E + 04 1.4E + 03
90 3.7E + 03 1.4E + 04 1. 6E + 03
95 4. 2E + 03 1.7E + 04 1.8E + 03
100 4. 8E + 03 2.1E + 04 2.0E + 03
105 5.3E + 03 2.4E + 04 2.3E + 03
110 6. 2E + 03 2.9E + 04 2.5E + 03
115 7.2E + 03 3.5E + 04 2.8E + 03
120 8.2E + 03 4. 1E + 04 3.2E + 03
80. On pages 7231 and 7232, appendix |Ill to part 266 is corrected to

read as foll ows:
Appendix I1l.-Tier Il Emssion Rate Screening Linmts for Free Chlorine and Hydrogen
Chl ori de

Nonconpl ex terrain Conmpl ex terrain
Terrain- Val ues for urban areas Val ues for rural areas Val ues for use in urban
and adj usted

rural areas
effective
stack hei ght
(m Cl, (g/hr) HCl (g/hr) Cl, (g/hr) HCl (g/ hr) Cl, (g/hr) HCl (g/ hr)
4 8.2E + 01 1.4E + 03 4. 2E + 01 7.3E + 02 1.9E + 01 3.3E + 02
6 9.1E + 01 1. 6E + 03 4.8E + 01 8.3E + 02 2.8E + 01 4. 9E + 02
8 1.0E + 02 1.8E + 03 5.3E + 01 9.2E + 02 4. 1E + 01 7.1E + 02
10 1. 2E + 02 2.0E + 03 6.2E + 01 1. 1E + 03 5.8E + 01 1.0E + 03
12 1.3E + 02 2.3E + 03 7.7E + 01 1.3E + 03 7.2E + 01 1.3E + 03
14 1.5E + 02 2.6E + 03 9.1E + 01 1. 6E + 03 9.1E + 01 1. 6E + 03
16 1.7E + 02 2.9E + 03 1. 2E + 02 2.0E + 03 1. 1E + 02 1.8E + 03
18 1.9E + 02 3.3E + 03 1.4E + 02 2.5E + 03 1. 2E + 02 2.0E + 03
20 2.1E + 02 3.7E + 03 1.8E + 02 3.1E + 03 1.3E + 02 2.3E + 03
22 2.4E + 02 4. 2E + 03 2.3E + 02 3.9E + 03 1.4E + 02 2.4E + 03
24 2.7E + 02 4. 8E + 03 2.9E + 02 5.0E + 03 1. 6E + 02 2.8E + 03
26 3.1E + 02 5.4E + 03 3.7E + 02 6.5E + 03 1.7E + 02 3.0E + 03
28 3.5E + 02 6. 0E + 03 4. 7E + 02 8.1E + 03 1.9E + 02 3.4E + 03
30 3.9E + 02 6. 9E + 03 5.8E + 02 1.0E + 04 2.1E + 02 3.7E + 03
35 5.3E + 02 9.2E + 03 9. 6E + 02 1.7E + 04 2.6E + 02 4. 6E + 03
40 6. 2E + 02 1.1E + 04 1.4E + 03 2.5E + 04 3.3E + 02 5.7E + 03
45 8.2E + 02 1.4E + 04 2.0E + 03 3.5E + 04 4. 0E + 02 7.0E + 03
50 1.1E + 03 1.8E + 04 2.6E + 03 4. 6E + 04 4. 8E + 02 8.4E + 03



55 1.3E + 03 2.3E + 04 3.5E + 03 6. 1E + 04 6. 2E + 02 1.1E + 04
60 1. 6E + 03 2.9E + 04 4. 6E + 03 8.1E + 04 7.7E + 02 1.3E + 04
65 2.0E + 03 3.4E + 04 6. 2E + 03 1.1E + 05 9.1E + 02 1.6E + 04
70 2.3E + 03 3.9E + 04 7.2E + 03 1.3E + 05 1.1E + 03 1.8E + 04
75 2.5E + 03 4.5E + 04 8. 6E + 03 1.5E + 05 1.2E + 03 2.0E + 04
80 2.9E + 03 5.0E + 04 1.0E + 04 1.8E + 05 1.3E + 03 2.3E + 04
85 3.3E + 03 5.8E + 04 1.2E + 04 2.2E + 05 1.4E + 03 2.5E + 04
90 3.7E + 03 6. 6E + 04 1.4E + 04 2.5E + 05 1. 6E + 03 2.9E + 04
95 4.2E + 03 7.4E + 04 1.7E + 04 3.0E + 05 1.8E + 03 3.2E + 04
100 4. 8E + 03 8.4E + 04 2.1E + 04 3.6E + 05 2.0E + 03 3.5E + 04
105 5.3E + 03 9.2E + 04 2.4E + 04 4.3E + 05 2.3E + 03 3.9E + 04
110 6. 2E + 03 1.1E + 05 2.9E + 04 5.1E + 05 2.5E + 03 4.5E + 04
115 7.2E + 03 1.3E + 05 3.5E + 04 6. 1E + 05 2.8E + 03 5.0E + 04
120 8.2E + 03 1.4E + 05 4. 1E + 04 7.2E + 05 3.2E + 03 5.6E + 04

Part 266, Appendix |V [Amended]

81. On page 7232, in appendix IV to part 266, first colum of the table,
change "Methyl Ethyl Katone" to "Methyl Ethyl Ketone", and in |ine 34, change
“"Metyl Parathion" to "Methyl Parathion".

Part 266, Appendix VII [Anended]

82. On page 7234, first columm, in appendix VIl to part 266, in the
table entitled "Metal s- TCLP Extract Concentration Limits": in the heading in
the third colum of the table, replace "Concentration limts (nmg/kg)" with
“"Concentration limts (ng/L)"; and add the followi ng at the end of the table:
Thal l'ium 7440-28-0 7 X E + 00

83. On page 7234, third columm, in appendix VIl to part 266, in the
table entitled "Nonmetal s-Resi due Concentration Linits-Continued", delete 8
lines beginning with "Thallium and ending with "Thallium(l) sulfate.
Part 266, Appendix VIII [Anmended]

84. On page 7235, in appendix VIII to part 266, first colum of the

table entitled "PICS Found in Stack Effluents", change "roforni to
"chl orof orn and "robenzene" to "chl orobenzene".

PART 270- [ AVENDED]

§ 270.22 [Corrected]

85. On page 7235, second columm, in § 270.22(a)(2)(ii)(B), line 12,
change "Test Methods for the Evaluation of" to "Test Methods for Evaluating".

86. On page 7235, second colum, in § 270.22(a)(2)(ii)(C, line 5, the
reference to "(a)(1)(ii)(B)" should read "(a)(2)(ii)(B)".

87. On page 7236, first colum, in § 270.22(a)(5)(vii), line 4, change
"feestocks" to "feedstocks".

88. On page 7236, first colum, in 8§ 270.22(a)(6), line 1, change
“trail" to "trial".

89. On page 7236, second columm, in § 270.22(a)(6), line 8, change "from
from to "from' i.e. delete one "from' as it is duplicative.

90. On page 7236, second columm, in § 270.22(b)(1), line 2, change

"mninge" to "mnimze"



§ 270.42 [Corrected]

91. On page 7237, first colum, in § 270.42(g)(1) introductory text,
line 3, change "wates" to "wastes".

92. On page 7237, first colum, in § 270.42(g)(1)(i), line 5, change
"ef fetive" to "effective".

93. On page 7237, second colum, in § 270.42(g)(1)(iv), inlines 1 and
2, delete "In the case of Classes 2 and 3 nodifications,"; in line 2,
capitalize the "t" in "the"; and insert "Class 2 or 3" between "conplete" and
"modi fication" so that paragraph (iv) reads as follows: "The pernmittee al so
submits a conplete Class 2 or 3 nodification request within 180 days of the
effective date of the rule listing or identifying the waste, or subjecting the
unit to RCRA Subtitle C managenent standards;".

94. On page 7237, in appendix | to & 270.42, in line 1 of "L.5.",
repl ace the period after "requirenents" with a col on

95. On page 7237, third columm, in anmendment 4 to part 270, the
amendatory | anguage is corrected to read as follows: "4. In § 270.42, appendi x
| is anended by revising the heading of L and items 1 through 4, 5a, 6, 7b
and 8 to read as follows:"

§ 270.66 [Corrected]

96. On page 7237, third colum, line 2, in 8 270.66(b)(1), change
"operation" to "operational"

97. On page 7238, second colum, in § 270.66(b)(4), line 8, change "107"
to "266.107".

98. On page 7238, at two locations, lines 13, 14, and 15, in §
270.66(c)(2)(i) and in lines 5 and 6 in § 270.66(c)(2)(ii), change "Test
Met hods for the Evaluation of Solid Waste" to "Test Methods for Eval uating
Solid Waste".

99. On page 7238, third colum, in § 270.66(c)(3)(vi), line 3, delete
"and".

100. On page 7238, third colum, in § 270.66(c)(3)(vii), line 1, insert
"air" between "any" and "pollution".

101. On page 7239, second columm, in § 270.66(f)(3), line 10, replace
the period after "standard" with a sem col on

102. On page 7239, second columm, in § 270.66(f)(8), line 5, change "is"
to "in".

§ 270.33 [Corrected]

103. On page 7239, third colum, in & 270.73 at two locations, in
paragraph (f), line 2, and in paragraph (g), line 3, change "as" to "has"

104. On page 7240, in § 271.1(j), Table 1, third columm, replace
"[insert FR page numbers]" with "56 FR 7134-7240"

B. Techni cal Amendnents

For the reasons set out in the preanble, 40 CFR part 261 is anmended as
fol | ows:



PART 261-1 DENTI FI CATI ON AND LI STI NG OF HAZARDOUS WASTE
1. The authority citation for part 261 continues to read as foll ows:
Authority: 42 U.S.C. 6905, 6912(a), 6921, 6922, and 6938.

§ 261.3 [Anended]

2. In 8 261.3(c)(2)(ii)(8), line 3 is anended by replacing "by §
261.6(a)(3) (v) through (ix)" with "by 8§ 261.6(a)(3) (v) through (viii)".

§ 261.6 [Anended]

3. In 8 261.6(a)(2), line 4, the letter "G' is amended to read "H'. The
entire line should now read as: "subparts C through H of part 266 of".

4. In 8§ 261.6(a)(2)(ii), line 5, the reference to "subpart D' should be
repl aced by "subpart H'.

For the reasons set out in the preanble, 40 CFR part 265 is anmended as
fol |l ows:

PART 265-1 NTERI M STATUS STANDARDS FOR OWNERS AND OPERATORS OF HAZARDOUS WASTE
TREATMENT, STORAGE, AND DI SPOSAL FACI LI TI ES

1. The authority citation for part 265 continues to read as foll ows:
Authority: 42 U.S.C. 6905, 6912(a), 6924, 6925, 6935.
§ 265.370 [Anended]
2. 8 265.370 is anmended by deleting the period (.) at the end and
replacing it with the following: ", and subpart H of part 266, if the unit is

a boiler or an industrial furnace as defined in 8 260.10."

For the reasons set out in the preanble, 40 CFR part 270 is anmended as
fol |l ows:

PART 270- EPA ADM NI STERED PERM T PROGRAMS: THE HAZARDOUS WASTE PERM T PROGRAM
1. The authority citation for part 270 continues to read as foll ows:
Authority: 42 U.S.C. 6905, 6912, 6924, 6925, 6927, 6939, 6974.

§ 270.1 [Anended]

2. 8 270.1(b) is anended by replacing "40 CFR part 265" in |line 44 by
"40 CFR parts 265 and 266".

§ 270.42 [ Amrended]
3. Section 270.42(c)(1)(iv) is revised to read as foll ows:
(c) * * *
(1) * * *

(iv) Provides the applicable information required by 40 CFR 270. 13
t hrough 270.22, 270.62, 270.63, and 270. 66.

* * * * *



For the reasons set out in the preanble, 40 CFR part 266 is anmended as
fol |l ows:

PART 266- STANDARDS FOR THE MANAGEMENT OF SPECI FI C HAZARDOUS WASTES AND
SPECI FI C TYPES OF HAZARDOUS WASTE MANAGEMENT FACI LI TI ES

1. The authority citation for part 266 continues to read as foll ows:

Aut hority: Secs. 1006, 2002(a), 3004, and 3014 of the Solid Waste
Di sposal Act, as anended (42 U.S.C. 6905, 6912(a), 6924, and 6934).

§ 266.4 [Anended]

2. Section 266.40(c) is anended by replacing "subpart D' in |line 6 by
“subpart H."

3. Section 266.40(d) is anended by replacing "subpart D' in |line 4 by
"“subpart H'.

4. Part 266 is amended by addi ng two appendi ces, appendices | X and X as
fol |l ows:

Appendi x | X to Part 266- Met hods Manual for Conpliance Wth the Bl F Regul ati ons
Burni ng Hazardous Waste in Boilers and |Industrial Furnaces
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Section 1.0 | NTRODUCTI ON
Thi s docunent presents required nethods for denonstrating conpliance
uith U.S. Environmental Protection Agency regul ations for boilers and

i ndustrial furnaces (BIFs) burning hazardous waste (see 40 CFR part 266,
subpart H). Included in this docunment are:



1. Performance Specifications for Continuous Em ssion Mnitoring (CEM
of Carbon Monoxi de, Oxygen, and Hydrocarbons in Stack Gases.

2. Sampling and Anal ytical (S&A) Methods for Miultiple Metals, Hexaval ent
Chromium HC and Chlorine, Polychlorinated D benzo-p-di oxi ns and
Di benzof urans, and Al dehydes and Ket ones.

3. Procedures for Estimating the Toxicity Equival ency of Chlorinated
Di benzo- p-di oxi n and Di benzof uran Congeners.

4. Hazardous WAste Combustion Air Quality Screening Procedures
( H\CAQSP) .

5. Sinmplified Land Use Cl assification Procedure for Conpliance vith Tier
| and Tier Il Limts.

6. Statistical Methodol ogy for Bevill Residue Determ nations.

7. Procedures for Determ ning Default Values for Air Pollution Contro
Syst em Renoval Efficiencies.

8. Procedures for Determi ning Default Values for Partitioning of Mtals,
Ash, and Total Chloride/Chlorine.

9. Alternate Methodol ogy for Inplementing Metals Controls.

Addi tional nethods referenced in subpart H of part 266 but not included
in this document can be found in 40 CFR parts 60 and 61, and "Test Methods for
Eval uating Solid Wastes, Physical/Chem cal Methods" (SW 846).

The CEM perfornmance specifications of section 2.0, the S&A net hods of
section 3.0 and the toxicity equival ency procedure for dioxins and furans of
section 4.0 are required procedures for determ ning conpliance with BIF
regul ati ons. The CEM performance specifications and the S&A nethods are
interim The finalized CEM performance specifications and nmethods will be
published in SW846 or 40 CFR parts 60 and 6l

SECTI ON 2. 0 PERFORMANCE SPECI FI CATI ONS FOR CONTI NUOUS EM SSI ON MONI TORI NG
SYSTEMS

2.1 Performance Specifications for Continuous Emi ssion Mnitoring of Carbon
Monoxi de and Oxygen for Incinerators, Boilers, and Industrial Furnaces Burning
Hazar dous Waste

2.1.1 Applicability and Principle

2.1.1.1 Applicability. These performance specifications apply to carbon
nonoxi de (CO and oxygen (G) continuous emni ssion nmonitoring systens (CEMSs)
installed on incinerators, boilers, and industrial furnaces burning hazardous
wast e. The specifications include procedures which are intended to be used to
eval uate the acceptability of the CEMS at the time of its installation or
whenever specified in regulations or permts. The procedures are not designed
to eval uate CEMsS performance over an extended period of tine. The source owner
or operator is responsible for the proper calibration, maintenance, and
operation of the CEMS at all tinmes.

2.1.1.2 Principle. Installation and neasurenment |ocation specifications,
performance and equi pnent specifications, test and data reduction procedures,
and brief quality assurance guidelines are included in the specifications.
Calibration drift, relative accuracy, calibration error, and response tine



tests are conducted to determ ne conformance of the CEMS with the
speci fications.

2.1.2 Definitions

2.1.2.1 Continuous Enission Mnitoring System (CEMS). A continuous
nonitor is one in which the sanple to be anal yzed passes the neasurenent
section of the analyzer without interruption, and which eval uates the detector
response to the sanple at |east once each 15 seconds and conputes and records
the results at |east every 60 seconds. A CEMS consists of all the equi pnent
used to acquire data and includes the sanple extraction and transport
hardware, the analyzer(s), and the data recordi ng/processi ng hardware and
sof t war e.

2.1.2.2 Monitoring System Types. The specifications require CEMSs
capabl e of accepting calibration gases. Alternative system designs may be used
i f approved by the Regional Admi nistrator. There are two basic types of
noni toring systenms: extractive and in-situ.

2.1.2.2.1 Extractive. Systems that use a punp or other nechani cal
pneurmatic, or hydraulic nmeans to draw a sanple of the stack or flue gas and
convey it to a renntely | ocated anal yzer

2.1.2.2.2 In-situ. Systens that performan anal ysis w thout renoving a
sample fromthe stack. Point in-situ analyzers place the sensing or detecting
element directly in the flue gas stream Cross-stack in-situ analyzers neasure
the parameter of interest by placing a source beam on one side of the stack
and the detector (in single-pass instruments) or a retroreflector (in double-
pass instruments) on the other side, and measuring the paraneter of interest
(e.g., CO by the attenuation of the beamby the gas in its path.

2.1.2.3 Instrument Measurenment Range. The difference between the m ni num
and maxi mum concentration that can be neasured by a specific instrunent. The
mnimmis often stated or assuned to be zero and the range expressed only as
the maxi mum

2.1.2.4 Span or Span Value. Full scale instrument nmeasurenent range.

2.1.2.5 Calibration Drift (CD). The difference in the CEMS out put
readi ngs fromthe established reference value after a stated period of
operation during which no unschedul ed mai ntenance, repair, or adjustnment takes
place. A CD test is perforned to denonstrate the stability of the CEMS
cal i bration over tine.

2.1.2.6 Response Time. The tinme interval between the start of a step
change in the systeminput (e.g., change of calibration gas) and the tinme when
the data recorder displays 95 percent of the final val ue.

2.1.2.7 Accuracy. A neasure of agreenent between a neasured val ue and an
accepted or true value, expressed as the percentage difference between the
true and neasured values relative to the true value. For these perfornmance
speci fications, accuracy is checked by conducting a calibration error (CE)
test and a relative accuracy (RA) test. Certain facilities, such as those
using solid waste or batch-fed processes, nmay observe |ong periods of al nost
no CO em ssions with brief, high-level CO em ssion spikes. These facilities,
as well as facilities whose CO em ssions never exceed 5-10 ppm nmay need to be
exenpted fromthe RA requirenent because the RA test procedure cannot ensure
acqui sition of neaningful test results under these conditions. An alternative
procedure for accuracy determ nation is described in section 2.1.9.



2.1.2.8 Calibration Error (CE). The difference between the concentration
i ndi cated by the CEMS and t he known concentration of the cylinder gas. A CE
test procedure is performed to docunent the accuracy and linearity of the
noni tori ng equi prent over the entire measurenent range.

2.1.2.9 Relative Accuracy (RA). A conparison of the CEMS response to a
val ue neasured by a performance test method (PTM. The PA test is used to
validate the calibration technique and verify the ability of the CEMS to
provi de representative and accurate neasurenents.

2.1.2.10 Performance Test Method (PTM. The sanpling and anal ysis
procedure used to obtain reference nmeasurenents for conparison to CEMS
measurenments. The applicable test nethods are Method 10, 10A, or 10B (for the
determ nation of CO and Method 3 or 3A (for the determ nation of 02?. These
nmet hods are found in 40 CFR part 60, appendix A

2.1.2.11 Performance Specification Test (PST) Period. The period during
which CD, CE, response time, and RA tests are conducted.

2.1.2.12 Centroidal Area. A concentric area that is geonmetrically
simlar to the stack or duct cross section and is no greater than 1 percent of
the stack or duct cross-sectional area.

2.1.3 Installation and Measurenent Location Specifications

2.1.3.1 CEMS Installation and Measurenent Locations. The CEMS shall be
installed in a location in which neasurenents representative of the source's
em ssi ons can be obtained. The optinum | ocation of the sanple interface for
the CEMS is deternined by a nunber of factors, including ease of access for
calibration and mai ntenance, the degree to which sanple conditioning will be
required, the degree to which it represents total emissions, and the degree to
which it represents the conbustion situation in the firebox. The |ocation
shoul d be as free fromin-|eakage influences as possi ble and reasonably free
fromsevere flow di sturbances. The sanple |location should be at |east two
equi val ent duct dianmeters downstream fromthe nearest control device, point of
pol | utant generation, or other point at which a change in the poll utant
concentration or em ssion rate occurs and at least 0.5 dianeter upstream from
t he exhaust or control device. The equival ent duct diameter is calculated as
per 40 CFR part 60, appendix A, nmethod 1, section 2.1. If these criteria are
not achievable or if the location is otherwi se | ess than optimum the
possibility of stratification should be checked as described in Section
2.1.3.3 to determ ne whether the |ocation would cause failure of the relative
accuracy test.

2.1.3.1.1 For extractive or point in-situ CEMSs, the measurenent point
shoul d be within or centrally | ocated over the centroidal area of the stack or
duct cross section.

2.1.3.1.2 For cross-stack CEMss, the effective measurenent path shoul d
(1) have at least 70 percent of the path within the inner 50 percent of the
stack or duct cross-sectional area or (2) be centrally |located over any part
of the centroidal area

2.1.3.1.3 Both the CO and O, nonitors should be installed at the sane
general location. If this is not possible, they may be installed at different
locations if the effluent gases at both sanple locations are not stratified
and there is no in-leakage of air between sanpling |ocations.

2.1.3.2 Performance Test Method (PTM Measurenent Locati on and Traverse
Poi nt s.



2.1.3.2.1 Sel ect an accessi bl e PTM measurenment point at |east two
equi val ent di ameters downstream from the nearest control device, the point of
CO generation, or other point at which a change in the CO concentrati on may
occur, and at least a half equival ent dianeter upstreamfromthe effluent
exhaust or control device. When pollutant concentrati on changes are due solely
to diluent |eakage (e.g., air heater |eakages) and CO and O, are
si mul t aneously nmeasured at the same | ocation, one half dianmeter nay be used in
pl ace of two equival ent dianmeters. The CEMS and PTM | ocati ons need not be the
sane.

2.1.3.2.2 Select traverse points that ensure acquisition of
representative sanples over the stack or duct cross section. At a mini num
establish a neasurement |ine that passes through the centroidal area in the
direction of any expected stratification. If this line interferes with the
CEMS measurenents, displace the line up to 30 cm (or 5 percent of the
equi val ent dianmeter of the cross section, whichever is less) fromthe
centroidal area. Locate three traverse points at 17, 50, and 83 percent of the
nmeasurenment line. If the measurement line is no longer than 2.4 nmeters and
pol lutant stratification is not expected, the tester may choose to |locate the
three traverse points on the line at 0.4, 1.2, and 2.0 nmeters fromthe stack
or duct wall. This option nmust not be used at a site located within eight
equi val ent di ameters downstream of a flow di sturbance. The tester may sel ect
ot her traverse points, provided that they can be shown to the satisfaction of
the Adm nistrator to provide a representative sanple over the stack or duct
cross-section. Conduct all necessary PTMtests within 3 cmof the selected
traverse points. Sanpling nmust not be performed within 3 cm of the duct or
stack inner wall.

2.1.3.3 Stratification Test Procedure. Stratification is defined as a
di fference in excess of 10 percent between the average concentration in the
duct or stack and the concentration at any point nore than 1.0 neter fromthe
duct or stack wall. To determ ne whether effluent stratification exists, a
dual probe system should be used to deternine the average effl uent
concentration while neasurements at each traverse point are being made. One
probe, located at the stack or duct centroid, is used as a stationary
reference point to indicate the change in effluent concentration over tinme.
The second probe is used for sanpling at the traverse points specified in
met hod 1, appendix A, 40 CFR part 60. The nonitoring system sanples
sequentially at the reference and traverse points throughout the testing
period for five mnutes at each point.

2.1. 4 CEMS Performance and Equi prent Specifications

Table 2.1-1 sunmarizes the performance specifications for the CEMSs. Two
sets of standards for CO are given; one for |owrange and another for high-
range measurenents. The hi gh-range specifications relate to neasurenment and
quantification of short duration high concentration peaks, while the | owrange
specifications relate to the overall average operating condition of the
burni ng devi ce. The dual -range specifications can be nmet by using (1) one
anal yzer for each range, (2) a dual range unit, or (3) a single neasurenent
range i nstrument capable of neeting both specifications with a single unit.

Adj ust ments cannot be made to the anal yzer between determni nations of |ow and
hi gh-1 evel accuracy within the single nmeasurement range. In the second case,
when the concentration exceeds the span of the |ower range, the data

acqui sition systemrecorder shall switch to the high range automatically.

2.1.4.1 CEMS Span Value. In order to neasure high and | ow concentrations
with the sane or sinilar degree of accuracy, the maxi mumranges (span val ues)
are specified for | ow and high range anal yzers. The span values are listed in
Table 2.1-2. Tier | and Tier Il format definitions are established in 40 CFR
part 266, subpart H



Tabl e 2.1-1-Perfornmance Specifications of COand O, Mnitors

CO nonitors

Par aret er Low range H gh range O, nmonitors
Calibration drift 24 <6 ppnt <90 ppm <0.5% G,

hour s.

Calibration error. <10 ppnt <150 ppm <0.5% O,

Response tine. <2 mn <2 mn <2 mn

Rel ati ve accuracy?. ®) ®) (incorporated in CO

RA cal cul ati on)

For Tier Il, CD and CE are <3% and <5%of twice the permt limt, respectively.
2Expressed as the sum of the nean absol ute val ue plus the 95% confidence interval of a
series of measurenents.

SThe greater of 10% of PTMor 10 ppm

Tabl e 2.1-2-CEMS Span Val ues for CO and O, Monitors

CO nonitors

Low range (ppm H gh range (ppm O, nmonitors (percent)
Tier | rolling 200 3, 000 25
average fornat.
Tier Il rolling 2 Xpermt limt. 3, 000 25

average fornat.

2.1.4.2 Daily Calibration Gas Val ues. The owner or operator must choose
calibration gas concentrations (or calibration filters for in-situ systens)
that include zero and high-level calibration values for the daily calibration
checks. For a single nmeasurenent range nmonitor, three CO calibration gas
concentrations (or calibration filters for in-situ systens) shall be used,
i.e., the zero and high-level concentrations of the | owrange CO anal yzer and
the high-level concentration of the high-range CO anal yzer.

2.1.4.2.1 The zero level for the CO or O analyzer may be between zero
and 20 percent of the span value, e.g., 0-40 ppm for |owrange CO anal yzer, O-
600 ppm for the high-range CO anal yzer, and 0-5 percent for the O, anal yzer
(for Tier 1).

2.1.4.2.2 The high-level concentration for the CO or O analyzer shall
be between 50 and 90 percent of the span value, i.e., 100-180 ppmfor the | ow
range CO anal yzer, 1500-2700 ppm for the high-range CO anal yzer, and 12.5-22.5
percent O, for the O analyzer.



2.1.4.3 Data Recorder Scale. The strip chart recorder, conputer, or
digital recorder nust be capable of recording all readings within the CEMS' s
measur ement range and shall have a resolution of 0.5 percent of span val ue,
i.e., 1 ppm CO for |owrange CO anal yzer, 15 ppm CO for high-range CO
anal yzer, and 0.1 percent O for the O anal yzer

2.1. 4.4 Response Tinme. The response tine for the CO or O nonitor shal
not exceed 2 nminutes to achieve 95 percent of the final stable val ue.

2.1.4.5 Calibration Drift. The CEMS nmust allow the deternination of CD
at the zero and high-1level values. The CD nust be deternined separately for CO
and O, nmonitors in terns of concentration. The CO CEMS calibration response
must not drift or deviate fromthe reference value of the calibration gas (or
calibration filters for in-situ systens) by nore than 3 percent of the span
val ue after each 24-hour period of the 7-day test, i.e., 6 ppm CO for the | ow
range anal yzer (Tier 1) and 90 ppm for the high-range anal yzer, at both zero
and high levels. The O nonitor calibration response nust not drift or deviate
fromthe reference value by nore than 0.5 percent O, at both zero and high
| evel s.

2.1.4.6 Relative Accuracy. The result of the PA test of the CO CEMS
(whi ch incorporates the O nmonitor) nust be no greater than 10 percent of the
mean val ue of the PTMresults or nmust be within 10 ppm CO of the PTMresults,
whi chever is less restrictive. The ppm CO concentration shall be corrected to
7 percent O, before calculating the RA

2.1.4.7 Calibration Error. The nean difference between the CEMS and
reference values at all three test points (see Table 2.1-3) nust be no greater
than 5 percent of span value for CO nmonitors (i.e., 10 ppm CO for |ow range
Tier | CO anal yzers and 150 ppm CO for high range CO anal yzers) and 0.5
percent for O, anal yzers.

2.1.4.8 Measurenent and Recordi ng Frequency. The sanple to be anal yzed
shal | pass through the nmeasurenent section of the anal yzer wi thout
interruption. The detector shall measure the sanple concentration at |east
once every 15 seconds. An average em ssion rate shall be conputed and recorded
at |l east once every 60 seconds.

2.1.4.9 Hourly Rolling Average Cal cul ati on. The CEMS shall cal cul ate
every mnute an hourly rolling average, which is the arithnmetic nean of the 60
nost recent 1-minute average val ues.

2.1.4.10 Retest. If the CEMS produces results within the specified
criteria, the test is successful. If the CEMS does not neet one or nore of the
criteria, the necessary corrections nust be made and the performance tests
repeat ed.

2.1.5 Test Peri ods

2.1.5.1 Pretest Preparation Period. Install the CEMS, prepare the PTM
test site according to the specifications in section 2.1.3, and prepare the
CEMS for operation and calibration according to the manufacturer's witten
instructions. A pretest conditioning period simlar to that of the 7-day CD
test is recommended to verify the operational status of the CEMS.

2.1.5.2 Calibration Drift Test Period. Wile the facility is operating
under normal conditions, deternine the CD at 24-hour intervals for seven
consecutive days according to the procedure given in section 2.1.6.1. Al CD
det erm nati ons nust be made foll owing a 24-hour period during which no
unschedul ed mai nt enance, repair, or adjustnent takes place. If the conmbustion
unit is taken out of service during the test period, record the onset and



duration of the downtime and continue the calibration drift test when the unit
resunes operation.

2.1.5.3 Relative Accuracy Test Period. Conduct the RA test according to
the procedure in section 2.1.6.4 while the facility is operating under nornal
conditions. RA testing for CO and O shall be conducted simultaneously so that
the results can be calculated for CO corrected to 7 percent O. The RA test
shal |l be conducted during the CD test period. It is enphasized that during the
CD test period, no adjustnents or repairs may be nade to the CEMS ot her than
routine calibration adjustnents performed i mediately followi ng the daily CD
det ermi nati on.

2.1.5.4 Calibration Error Test and Response Tine Test Periods. Conduct
the CE and response tine tests during the CD test period.

2.1.6 Performance Specification Test Procedures
2.1.6.1 Calibration Drift Test.

2.1.6.1.1 Sanpling Strategy. Conduct the CD test for all nonitors at 24-
hour intervals for seven consecutive days using calibration gases at the two
(or three, if applicable) concentration |levels specified in section 2.1.4.2.
Introduce the calibration gases into the sanmpling systemas close to the
sampling probe outlet as practical. The gas shall pass through all filters,
scrubbers, conditioners, and ot her CEMS components used during nornal
sampling. |If periodic automatic or nmanual adjustnents are made to the CEMS
zero and calibration settings, conduct the CD test imediately before these
adjustments, or conduct it in such a way that the CD can be deternined. Record
the CEMS response and subtract this value fromthe reference (calibration gas)
val ue. To neet the specification, none of the differences shall exceed the
limts specified in Table 2.1-1

2.1.6.1.2 Calculations. Summarize the results on a data sheet. An
exanple is shown in Figure 2.1-1. Calculate the differences between the CEMS
responses and the reference val ues.

2.1.6.2 Response Tinme. Check the entire CEMS including sanple extraction
and transport, sanple conditioning, gas anal yses, and the data recording.

2.1.6.2.1 Introduce zero gas into the system For extractive systemns,
i ntroduce the calibration gases at the probe as near to the sanple |ocation as
possi ble. For in-situ system introduce the zero gas at a point such that al
conponents active in the analysis are tested. Wen the system out put has
stabilized (no change greater than 1 percent of full scale for 30 seconds),
switch to nonitor stack effluent and wait for a stable value. Record the tinme
(upscal e response tinme) required to reach 95 percent of the final stable
val ue.

2.1.6.2.2 Next, introduce a high-level calibration gas and repeat the
above procedure. Repeat the entire procedure three tinmes and determ ne the
mean upscal e and downscal e response tinmes. The |onger of the two neans is the
system response tine.

2.1.6.3 Calibration Error Test Procedure.

2.1.6.3.1 Sanpling Strategy. Challenge each nonitor (both |ow and high-
range CO and Q) with zero gas and EPA Protocol 1 cylinder gases at three
measurenment points within the ranges specified in Table 2.1-3.

Table 2.1-3-Calibration Error Concentration Ranges for Tier |



GAS Concentration Ranges

GO, ppm
Measur enent poi nt Low range ? H gh range (o}
per cent
1 0- 40 0-600 0-2
2 60- 80 900- 1200 8-10
3 140- 160 2100- 2400 14-16
For Tier Il, the CE specifications for the | owrange CO CEMS are 0-20% 30-40% and 70-

80% of twice the permt linit

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

2.1.6.3.1.1 If a single nmeasurenment range is used, the calibration gases
used in the daily CD checks (if they are Protocol 1 cylinder gases and neet
the criteria in section 2.1.6.3.1) nay be used for deternining CE

2.1.6.3.1.2 Operate each nonitor in its normal sanpling node as nearly
as possible. The calibration gas shall be injected into the sanple system as
close to the sanpling probe outlet as practical and shoul d pass through al
CEMS conponents used during normal sanpling. Challenge the CEMS t hree non-
consecutive times at each nmeasurenent point and record the responses. The
duration of each gas injection should be sufficient to ensure that the CEMS
surfaces are conditioned.

2.1.6.3.2 Calculations. Sunmarize the results on a data sheet. An
exanpl e data sheet is shown in Figure 2.1-2. Average the differences between
the instrument response and the certified cylinder gas value for each gas.
Calcul ate three CE results (five CE results for a single-range CO CEMS)
according to Equation 5 (section 2.1.7.5). No confidence coefficient is used
in CE cal cul ati ons.

2.1.6.4 Relative Accuracy Test Procedure.

2.1.6.4.1 Sanpling Strategy for PTMtests. Conduct the PTMtests in such
a way that they will yield measurements representative of the em ssions from
the source and can be correlated to the CEMS data. Although it is preferable
to conduct the CO diluent, and noisture (if needed) sinmultaneously, npisture
measurenments that are taken within a 60-m nute period which includes the
si mul taneous CO and O, nmeasurenments may be used to calculate the dry CO
concentration.

Note: At times, CEMS RA tests may be conducted during incinerator
performance tests. In these cases, PTMresults obtained during CEMS RA tests
may be used to determ ne conpliance with incinerator emissions limts as |ong
as the source and test conditions are consistent with the applicable
regul ati ons.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<



2.1.6.4.2 Performance Test Met hods.

2.1.6.4.2.1 Unless otherw se specified in the regul ations, nethod 3 or
3A and nethod 10, 10A, or 10B (40 CFR part 60, appendix A) are the test
met hods for O and CO, respectively. Make a sanple traverse of at |east 21
m nutes, sanmpling for 7 mnutes at each of three traverse points (see section
3.2).

2.1.6.4.2.2 \Wen the installed CEMS uses a nondi spersive infrared (NDI R)
anal yzer, method 10 shall use the alternative interference trap specified in
section 10.1 of the method. An option, which may be approved by the
Admi ni strator in certain cases, would allow the test to be conducted using
met hod 10 without the interference trap. Under this option, a |aboratory
interference test is perfornmed for the analyzer prior to the field test. The
| aboratory interference test includes the analysis of SO, NO and CO
calibration gases over the range of expected effluent concentrations.
Acceptabl e performance is indicated if the CO anal yzer response to each of the
gases is less than 1 percent of the applicable nmeasurenent range of the
anal yzer.

2.1.6.4.3 Nunmber of PTM Tests. Conduct a mnimum of nine sets of al
necessary PTMtests. If nore than nine sets are conducted, a maxi num of three
sets may be rejected at the tester's discretion. The total nunber of sets used
to determ ne the RA must be greater than or equal to nine. Al data, including
the rejected data, nust be reported.

2.1.6.4.4 Correlation of PTM and CEMS Data. The time and duration of
each PTM test run and the CEMS response tinme should be considered in
correlating the data. Use the CEMS final output (the one used for reporting)
to determne an integrated average CO concentration for each PTMtest run
Confirmthat the pair of results are on a consistent nmoisture and G
concentration basis. Each integrated CEMS val ue should then be conpared
agai nst the correspondi ng average PTM value. |If the CO concentration measured
by the CEMS is nornalized to a specified diluent concentration, the PTM
results shall be normalized to the same val ue.

2.1.6.4.5 Calculations. Summari ze the results on a data sheet. Cal cul ate
t he nean of the PTM val ues and cal culate the arithnmetic differences between
the PTM and the CEMS data sets. The nean of the differences, standard
devi ation, confidence coefficient, and CEMS RA shoul d be cal cul ated usi ng
Equations 1 through 4.
2.1.7 Equations

2.1.7.1 Arithmetic Mean (p). Calculate , p of the difference of a data
set using Equation 1.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

where: n = Nunber of data points.
n

d, = Al gebraic sum of the individual difference d,.



VWhen the mean of the differences of pairs of data is cal cul ated, correct
the data for noisture, if applicable.

2.1.7.2 Standard Deviation (Sy). Calculate S; using Equation 2.

>>>> See the acconpanyi ng hardcopy volume for non-machi ne-readabl e data that
appears at this point. <<<<

2.1.7.3 Confidence Coefficient (CC). Calculate the 2.5 percent error CC
(one-tailed) using Equation 3.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

wher e:

toos = t-value (see Table 2.1-4).

Table 2.1-4-t-Val ues

na Lo ors n? Lo ors na toors

2 12. 706 7 2. 447 12 2.201
3 4,303 8 2. 365 13 2.179
4 3.182 9 2. 306 14 2.160
5 2.776 10 2.662 15 2.145
6 2.571 11 2.228 16 2.131

aThe values in this table are already corrected for n-1 degrees of freedom
Use n equal to the nunber of individual val ues.

2.1.7.4 Relative Accuracy. Calculate the RA of a set of data using
Equati on 4.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

wher e:

p = Absolute value of the nmean of the differences (Equation 1).
CC = Absolute value of the confidence coefficient (Equation 3).
PTM = Average reference val ue.

2.1.7.5 Calibration Error. Calculate CE using Equation 5.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

wher e:

p = Mean difference between CEMS response and the known reference
concentration.

2.1.8 Reporting



At a mninmum summarize in tabular formthe results of the CD, RA
response time, and CE test, as appropriate. Include all data sheets,
cal cul ati ons, CEMS data records, and cylinder gas or reference materia
certifications.

2.1.9 Alternative Procedure

2.1.9.1 Alternative RA Procedure Rationale. Under sonme operating
conditions, it nmay not be possible to obtain nmeaningful results using the RA
test procedure. This includes conditions where consistent, very |ow CO
em ssions or | ow CO eni ssions interrupted periodically by short duration, high
| evel spikes are observed. It may be appropriate in these circunstances to
wai ve the PTM RA test and substitute the follow ng procedure.

2.1.9.2 Alternative RA Procedure. Conduct a conplete CEMS status check
following the manufacturer's witten instructions. The check shoul d incl ude
operation of the |light source, signal receiver, timng mechani smfunctions,
data acquisition and data reduction functions, data recorders, mechanically
operated functions (mrror nmovenents, calibration gas valve operations, etc.),
sample filters, sanple line heaters, noisture traps, and other related
functions of the CEMS, as applicable. Al parts of the CEMS nust be
functioning properly before the RA requirement can be waived. The instrunents
nmust al so have successfully passed the CE and CD requirenents of the
performance specifications. Substitution of the alternative procedure requires
approval of the Regional Adm nistrator

2.1.10 Quality Assurance (QA)

Proper calibration, maintenance, and operation of the CEMS is the
responsibility of the owner or operator. The owner or operator nust establish
a QA programto evaluate and nonitor CEMS performance. As a mnimum the QA
program nust i ncl ude:

2.1.10.1 A daily calibration check for each nmonitor. The calibration
nmust be adjusted if the check indicates the instrunent's CD exceeds the
specification established in section 2.1.4.5. The gases shall be injected as
close to the probe as possible to provide a check of the entire sanpling
system |f an alternative calibration procedure is desired (e.g., direct
injections or gas cells), subject to Adm nistrator approval, the adequacy of
this alternative procedure may be denonstrated during the initial 7-day CD
test. Periodic conparisons of the two procedures are suggested.

2.1.10.2 A daily systemaudit. The audit nust include a review of the
calibration check data, an inspection of the recording system an inspection
of the control panel warning lights, and an inspection of the sanple transport
and interface system (e.g., flowreters, filters), as appropriate.

2.1.10.3 A quarterly calibration error (CE) test. Quarterly RA tests may
be substituted for the CE test when approved by the Director on a case-by-case
basi s.

2.1.10.4 An annual perfornmance specification test.
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2.2 Performance Specifications for Continuous Em ssion Mnitoring of
Hydr ocarbons for Incinerators, Boilers, and Industrial Furnaces Burning
Hazar dous Waste

2.2.1 Applicability and Principle

2.2.1.1 Applicability. These performance specifications apply to
hydr ocarbon (HC) continuous eni ssion nonitoring systems (CEMSs) installed on
i ncinerators, boilers, and industrial furnaces burning hazardous waste. The
speci fications include procedures which are intended to be used to eval uate
the acceptability of the CEMS at the tinme of its installation or whenever
specified in regulations or pernmits. The procedures are not designed to
eval uate CEMS perfornance over an extended period of time. The source owner or
operator is responsible for the proper calibration, maintenance, and operation
of the CEMS at all tinmes.

2.2.1.2 Principle. A gas sanple is extracted fromthe source through a
heated sanple line and heated filter (except as provided by section 2.2.10) to
a flame ionization detector (FID). Results are reported as vol une
concentration equival ents of propane. Installation and nmeasurenent |ocation
speci fications, performance and equi pment specifications, test and data
reducti on procedures, and brief quality assurance guidelines are included in
the specifications. Calibration drift, calibration error, and response tine
tests are conducted to deternine conformance of the CEMS with the
speci fications.

2.2.2 Definitions

2.2.2.1 Continuous Em ssion Mnitoring System (CEMS). The tota
equi prent used to acquire data, which includes sanple extraction and transport
hardwar e, anal yzer, data recording and processi ng hardware, and software. The
system consi sts of the follow ng major subsystens:

2.2.2.1.1 Sanple Interface. That portion of the systemthat is used for
one or nore of the follow ng: Sanple acquisition, sanple transportation
sampl e conditioning, or protection of the analyzer fromthe effects of the
stack effluent.

2.2.2.1.2 Oganic Analyzer. That portion of the systemthat senses
organi ¢ concentrati on and generates an output proportional to the gas
concentration.



2.2.2.1.3 Data Recorder. That portion of the systemthat records a
per manent record of the measurenent values. The data recorder nmay include
automatic data reduction capabilities.

2.2.2.2 Instrument Measurement Range. The difference between the m ni num
and maxi mum concentration that can be neasured by a specific instrunent. The
mnimmis often stated or assuned to be zero and the range expressed only as
t he maxi mum

2.2.2.3 Span or Span Value. Full scale instrument nmeasurenent range.

2.2.2.4 Calibration Gas. A known concentration of a gas in an
appropriate diluent gas.

2.2.2.5 Calibration Drift (CD). The difference in the CEMS out put
readi ngs fromthe established reference value after a stated period of
operation during which no unschedul ed nmai ntenance, repair, or adjustnment takes
place. A CD test is perforned to denonstrate the stability of the CEMS
cal i bration over tine.

2.2.2.6 Response Time. The tinme interval between the start of a step
change in the systeminput (e.g., change of calibration gas) and the tinme when
the data recorder displays 95 percent of the final value.

2.2.2.7 Accuracy. A neasurenment of agreement between a neasured val ue
and an accepted or true value, expressed as the percentage difference between
the true and nmeasured values relative to the true value. For these performance
speci fications, accuracy is checked by conducting a calibration error (CE)
test.

2.2.2.8 Calibration Error (CE). The difference between the concentration
i ndi cated by the CEMS and t he known concentration of the cylinder gas. A CE
test procedure is performed to docunent the accuracy and linearity of the
noni tori ng equi prent over the entire measurenent range.

2.2.2.9 Performance Specification Test (PST) Period. The period during
which CD, CE, and response tine tests are conduct ed.

2.2.2.10 Centroidal Area. A concentric area that is geometrically
simlar to the stack or duct cross section and is no greater than 1 percent of
the stack or duct cross-sectional area.

2.2.3 Installation and Measurenent Location Specifications

2.2.3.1 CEMS Installation and Measurenent Locations. The CEMS shall be
installed in a location in which neasurenents representative of the source's
em ssi ons can be obtained. The optinum | ocation of the sanple interface for
the CEMS is deternined by a nunber of factors, including ease of access for
calibration and mai ntenance, the degree to which sanple conditioning will be
required, the degree to which it represents total emissions, and the degree to
which it represents the conbustion situation in the firebox. The |ocation
shoul d be as free fromin-|eakage influences as possi ble and reasonably free
fromsevere flow di sturbances. The sanple |location should be at |east two
equi val ent duct dianmeters downstream fromthe nearest control device, point of
pol | utant generation, or other point at which a change in the poll utant
concentration or em ssion rate occurs and at least 0.5 dianmeter upstream from
t he exhaust or control device. The equival ent duct diameter is calculated as
per 40 CFR part 60, appendix A, nmethod 1, section 2.1. If these criteria are
not achievable or if the location is otherwi se | ess than optimum the
possibility of stratification should be investigated as described in section



2.2.3.2. The measurenent point shall be within the centroidal area of the
stack or duct cross section.

2.2.3.2 Stratification Test Procedure. Stratification is defined as a
di fference in excess of 10 percent between the average concentration in the
duct or stack and the concentration at any point nore than 1.0 neter fromthe
duct or stack wall. To determ ne whether effluent stratification exists, a
dual probe system should be used to deternine the average effl uent
concentration while neasurements at each traverse point are being made. One
probe, located at the stack or duct centroid, is used as a stationary
reference point to indicate the change in effluent concentration over tinme.
The second probe is used for sanpling at the traverse points specified in 40
CFR Part 60 appendix A, nmethod 1. The nonitoring system sanpl es sequentially
at the reference and traverse points throughout the testing period for five
m nutes at each point.

2.2.4 CEMS Performance and Equi prent Specifications

If this nethod is applied in highly explosive areas, caution and care
shal | be exercised in choice of equipnment and installation

2.2.4.1 Flanme lonization Detector (FID) Analyzer. A heated FID anal yzer
capabl e of neeting or exceeding the requirements of these specifications.
Heat ed systems shall maintain the tenperature of the sanple gas between 150 °C
(300 °F) and 175 °C (350 °F) throughout the system This requires all system
conponents such as the probe, calibration valve, filter, sanple |lines, punp,
and the FID to be kept heated at all times such that no noisture is condensed
out of the system

Note: As specified in the regul ations, unheated HC CEMs may be
consi dered an acceptable interimalternative nmonitoring techni que. For
addi ti onal notes, see section 2.2.10. The essential conponents of the
measur ement system are descri bed bel ow

2.2.4.1.1 Sanpl e Probe. Stainless steel, or equivalent, to collect a gas
sample fromthe centroidal area of the stack cross-section.

2.2.4.1.2 Sanple Line. Stainless steel or Teflon tubing to transport the
sample to the anal yzer.

Note: Mention of trade names or specific products does not constitute
endor senent by the Environmental Protection Agency.

2.2.4.1.3 Calibration Valve Assenbly. A heated three-way val ve assenbly
to direct the zero and calibration gases to the analyzer is recommended. O her
met hods, such as qui ck-connect lines, to route calibration gas to the
anal yzers are applicable.

2.2.4.1.4 Particulate Filter. An in-stack or out-of-stack sintered
stainless steel filter is reconmended if exhaust gas particulate loading is
significant. An out-of-stack filter nmust be heated.

2.2.4.1.5 Fuel. The fuel specified by the manufacturer (e.g., 40 percent
hydr ogen/ 60 percent helium 40 percent hydrogen/ 60 percent nitrogen gas
m xtures, or pure hydrogen) shoul d be used.

2.2.4.1.6 Zero Gas. High purity air with less than 0.1 parts per nillion
by volunme (ppn) HC as nmethane or carbon equivalent or less than 0.1 percent of
t he span val ue, whichever is greater



2.2.4.1.7 Calibration Gases. Appropriate concentrations of propane gas
(in air or nitrogen). Preparation of the calibration gases should be done
according to the procedures in EPA Protocol 1. In addition, the nmanufacturer
of the cylinder gas should provide a reconmended shelf life for each
calibration gas cylinder over which the concentration does not change by nore
than = 2 percent fromthe certified val ue.

2.2.4.2 CEMS Span Val ue. 100 ppm propane.

2.2.4.3 Daily Calibration Gas Val ues. The owner or operator must choose
calibration gas concentrations that include zero and high-level calibration
val ues.

2.2.4.3.1 The zero level may be between 0 and 20 ppm (zero and 20
percent of the span val ue).

2.2.4.3.2 The high-level concentration shall be between 50 and 90 ppm
(50 and 90 percent of the span val ue).

2.2.4.4 Data Recorder Scale. The strip chart recorder, conputer, or
digital recorder nust be capable of recording all readings within the CEMS' s
nmeasur ement range and shall have a resolution of 0.5 ppm (0.5 percent of span
val ue).

2.2.4.5 Response Tinme. The response tine for the CEMS nust not exceed 2
m nutes to achi eve 95 percent of the final stable val ue.

2.2.4.6 Calibration Drift. The CEMS nmust allow the deternination of CD
at the zero and high-1level values. The CEMS calibration response must not
differ by nore than + 3 ppm (+ 3 percent of the span value) after each 24-hour
period of the 7-day test at both zero and high | evels.

2.2.4.7 Calibration Error. The nean difference between the CEMS and
reference values at all three test points listed bel ow shall be no greater
than 5 ppm (£ 5 percent of the span val ue).

2.2.4.7.1 Zero Level. Zero to 20 ppm (0 to 20 percent of span val ue).
2.2.4.7.2 Md-Level. 30 to 40 ppm (30 to 40 percent of span val ue).
2.2.4.7.3 High-Level. 70 to 80 ppm (70 to 80 percent of span val ue).

2.2.4.8 Measurenent and Recordi ng Frequency. The sanple to be anal yzed
shal | pass through the nmeasurenent section of the anal yzer wi thout
interruption. The detector shall measure the sanple concentration at |east
once every 15 seconds. An average em ssion rate shall be conputed and recorded
at | east once every 60 seconds.

2.2.4.9 Hourly Rolling Average Cal cul ati on. The CEMS shall cal cul ate
every mnute an hourly rolling average, which is the arithnmetic nean of the 60
nost recent 1-minute average val ues.

2.2.4.10 Retest. If the CEMS produces results within the specified
criteria, the test is successful. If the CEMS does not neet one or nore of the
criteria, necessary corrections nmust be made and the performance tests
repeat ed.

2.2.5 Performance Specification Test (PST) Periods

2.2.5.1 Pretest Preparation Period. Install the CEMS, prepare the PTM
test site according to the specifications in section 2.2.3, and prepare the



CEMS for operation and calibration according to the manufacturer's witten
instructions. A pretest conditioning period simlar to that of the 7-day CD
test is recommended to verify the operational status of the CEMS.

2.2.5.2 Calibration Drift Test Period. Wile the facility is operating
under normal conditions, determ ne the nagnitude of the CD at 24-hour
intervals for seven consecutive days according to the procedure given in
section 2.2.6.1. Al CD determ nations nust be nmade follow ng a 24-hour period
during which no unschedul ed nai ntenance, repair, or adjustnment takes place. If
t he conbustion unit is taken out of service during the test period, record the
onset and duration of the downtime and continue the CD test when the unit
resumes operation.

2.2.5.3 Calibration Error Test and Response Tine Test Periods. Conduct
the CE and response tine tests during the CD test period.

2.2.6 Performance Specification Test Procedures
2.2.6.1 Calibration Drift Test.

2.2.6.1.1 Sanpling Strategy. Conduct the CD test at 24-hour intervals
for seven consecutive days using calibration gases at the two daily
concentration levels specified in section 2.2.4.3. Introduce the two
calibration gases into the sanpling systemas close to the sanpling probe
outlet as practical. The gas shall pass through all CEM conponents used during
normal sanpling. If periodic automatic or manual adjustnents are nade to the
CEMS zero and calibration settings, conduct the CD test imrediately before
t hese adj ustments, or conduct it in such a way that the CD can be determ ned.
Record the CEMS response and subtract this value fromthe reference
(calibration gas) value. To neet the specification, none of the differences
shal | exceed 3 ppm

2.2.6.1.2 Calculations. Summarize the results on a data sheet. An
exanple is shown in Figure 2.2-1. Calculate the differences between the CEMS
responses and the reference val ues.

2.2.6.2 Response Tinme. The entire systemincludi ng sanple extraction and
transport, sanple conditioning, gas anal yses, and the data recording is
checked with this procedure.

2.2.6.2.1 Introduce the calibration gases at the probe as near to the
sanmpl e | ocation as possible. Introduce the zero gas into the system Wen the
system out put has stabilized (no change greater than 1 percent of full scale
for 30 sec), switch to monitor stack effluent and wait for a stable val ue.
Record the tine (upscale response tine) required to reach 95 percent of the
final stable value.

2.2.6.2.2 Next, introduce a high-level calibration gas and repeat the
above procedure. Repeat the entire procedure three tinmes and determ ne the
mean upscal e and downscal e response tinmes. The |onger of the two neans is the
system response tine.

2.2.6.3 Calibration Error Test Procedure.

2.2.6.3.1 Sanpling Strategy. Challenge the CEMS with zero gas and EPA
Protocol 1 cylinder gases at measurenent points within the ranges specified in
section 2.2.4.7.

2.2.6.3.1.1 The daily calibration gases, if Protocol 1, may be used for
this test.



>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
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2.2.9 Quality Assurance (@A)

Proper calibration, maintenance, and operation of the CEMS is the
responsibility of the owner or operator. The owner or operator nust establish
a QA programto evaluate and nonitor CEMS performance. As a mninmum the QA
program nust i ncl ude:

2.2.9.1 A daily calibration check for each nonitor. The calibration nust
be adjusted if the check indicates the instrument's CD exceeds 3 ppm The
gases shall be injected as close to the probe as possible to provide a check
of the entire sanpling system |If an alternative calibration procedure is
desired (e.g., direct injections or gas cells), subject to Adm nistrator
approval, the adequacy of this alternative procedure may be denonstrated
during the initial 7-day CD test. Periodic conparisons of the two procedures
are suggest ed.

2.2.9.2 A daily systemaudit. The audit nust include a review of the
calibration check data, an inspection of the recording system an inspection
of the control panel warning lights, and an inspection of the sanple transport
and interface system (e.g., flowreters, filters), as appropriate.

2.2.9.3 A quarterly CE test. Quarterly RA tests may be substituted for
the CE test when approved by the Director on a case-by-case basis.

2.2.9.4 An annual performance specification test.
2.2.10 Alternative Measurenent Technique

The regul ations all ow gas conditioning systems to be used In conjunction
wi th unheated HC CEMs during an interimperiod. This gas conditioning may
i nclude cooling to not less than 40 °F and the use of condensate traps to
reduce the moisture content of sanple gas entering the FID to less than 2
percent. The gas conditioning system however, nust not allow the sanple gas
to bubbl e through the condensate as this would renmpove water sol uble organic
conpounds. All conponents upstream of the conditioning systemshould be heated
as described in section 2.2.4 to mninize operating and mai nt enance probl ens.
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Envi ronnmental Protection Agency, Research Triangle Park, North Carolina,
27711, EPA-450/2-78-041, June 1978.

2. Traceability Protocol for Establishing True Concentrations of Gases
Used for Calibration and Audits of Continuous Source Enission Mnitors
(Protocol No. 1). U.S. Environmental Protection Agency ORD/ EMSL, Research
Triangle Park, North Carolina, 27711, June 1978.

3. Gasoline Vapor Em ssion Laboratory Evaluation-Part 2. U.S.
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Section 3.0 SAMPLI NG AND ANALYTI CAL METHODS

3.1 Methodol ogy for the Determination of Metals Enissions in Exhaust Gases
from Hazardous Waste Incineration and Sim |l ar Conbustion Processes

3.1.1 Applicability and Principle



3.1.1.1 Applicability. This nethod is being devel oped for the
determ nation of total chromium (Cr), cadmi um (Cd), arsenic (As), nickel (N),
manganese (Mi), beryllium (Be), copper (Cu), zinc (Zn), lead (Pb), selenium
(Se), phosphorus (P), thallium (Tl), silver (Ag), antinmony (Sb), barium (Ba),
and nercury (Hg) stack emissions from hazardous waste incinerators and simlar
conbustion processes. This method may al so be used for the determ nation of
particul ate enissions follow ng the procedures and precautions descri bed.
Modi fications to the sanple recovery and anal ysis procedures described in this
protocol for the purpose of determning particulate em ssions may potentially
i npact the front-half mercury determination. Mercury em ssions should be
det erm ned usi ng EPA nmet hod 101A given in 40 CFR part 61

3.1.1.2 Principle. The stack sanple is w thdrawn isokinetically fromthe
source, with particul ate emissions collected in the probe and on a heated
filter and gaseous em ssions collected in a series of chilled inpingers
cont ai ni ng an aqueous solution of dilute nitric acid conmbined with dilute
hydr ogen peroxide in each of two inpingers, and acidic potassi um pernanganate
solution in each of two inpingers. Sanpling train conponents are recovered and
digested in separate front- and back-half fractions. Materials collected in
the sanpling train are digested with acid solutions to dissolve organics and
to renove organi c constituents that may create analytical interferences. Acid
di gestion is perfornmed using conventional Parr® Bonb or mcrowave di gestion
techni ques. The nitric acid and hydrogen peroxide inpinger solution, the
aci di c potassi um per manganate i npinger solution, the HC rinse solution, and
the probe rinse and digested filter solutions are analyzed for mercury by cold
vapor atonic absorption spectroscopy (CVAAS). The nitric acid and hydrogen
per oxi de solution and the probe rinse and digested filter solutions of the
train catches are analyzed for Cr, Cd, Ni, Wi, Be, Cu, Zn, Pb, Se, P, Tl, Ag,
Sb, Ba, and As by inductively coupl ed argon plasma eni ssion spectroscopy
(1 CAP) or atonic absorption spectroscopy (AAS). Graphite furnace atomc
absorption spectroscopy (GFAAS) is used for analysis of antinony, arsenic,
cadmium |ead, selenium and thallium if these elenents require greater
anal ytical sensitivity than can be obtained by | CAP. Additionally, if desired,
the tester may use AAS for analyses of all netals if the resulting in-stack
met hod detection limts nmeet the goal of the testing program For convenience,
al i quots of each digested sanple Fraction 1A plus Fraction 2A can be conbi ned
proportionally with respect to the original Fraction 1 (normally diluted to
300 M follow ng digestion and prior to analysis) section 3.1.5.3.3; and
concentrated Fraction 2A (normally diluted to 150 ml foll ow ng digestion and
prior to analysis) section 3.1.5.3.4.1 or 3.1.5.3.4.2 for a single analytica
determ nation. The efficiency of the analytical procedure is quantified by the
anal ysis of spiked quality control sanples containing each of the target
nmetal s and/or other quality assurance measures, as necessary, including actua
sample matrix effects checks.

3.1.2 Range, Sensitivity, Precision, and Interferences

3.1.2.1 Range. For the analyses described in this methodol ogy and for
sim | ar anal yses, the | CAP response is linear over several orders of
magni t ude. Sanpl es contai ning nmetal concentrations in the nanograns per
mlliliter (ng/m) to microgranms per milliliter (pg/m) range in the
anal ytical finish solution can be anal yzed using this technique. Sanples
contai ning greater than approximately 50 pg/m of chromium |ead, or arsenic
should be diluted to that level or lower for final analysis. Sanples
contai ning greater than approximately 20 pg/m of cadm um should be diluted to
that |evel before analysis.

3.1.2.2 Analytical Sensitivity. |CAP analytical detection limts for the
sampl e sol utions (based on SW 846, nethod 6010) are approximately as foll ows:
Sb (32 ng/m), As (53 ng/m), Ba (2 ng/m), Be (0.3 ng/m), Cd (4 ng/m), Cr
(7 ng/m), Cu (6 ng/mM), Pb (42 ng/m), M (2 ng/m), Ni (15 ng/m), P (75



ng/m), Se (75 ng/m), Ag (7 ng/m), T1 (40 ng/m), and Zn (2 ng/m ). The
actual nethod detection limts are sanpl e dependent and may vary as the sanple
matrix may affect the limts. The analytical detection limts for analysis by
direct aspiration AAS (based on SW846, Method 7000 series) are approxi mately
as follows: Sb (200 ng/m), As (2 ng/m), Ba (100 ng/m), Be (5 ng/m), Cd (5
ng/m), C (50 ng/m), Cu (20 ng/m), Pb (100 ng/m), M1 (10 ng/m), N (40
ng/m), Se (2 ng/m), Ag (10 ng/m ), Tl (100 ng/m), and Zn (5 ng/m). The
detection Iimt for nercury by CVAAS is approximately 0.2 ng/m ). The use of
GFAAS can give added sensitivity conpared to the use of direct aspiration AAS
for the following netals: Sb (3 ng/m), As (1 ng/m), Be (0.2 ng/m), Cd (0.1
ng/m), C (1 ng/m), Pb (1 ng/m), Se (2 ng/m), and TI (1 ng/m).

Using (1) the procedures described in this nmethod, (2) the anal ytica
detection limts described in the previous paragraph, (3) a volune of 300 m,
Fraction 1, for the front half and 150 m, Fraction 2A, for the back-half
sanples, and (4) a stack gas sanple volune of 1.25 nf , the corresponding
i nstack nmethod detection linmits are presented in Table A-1 and cal cul ated as
shown:

A X B
=D
C
wher e:
A = anal ytical detection limt, pg/m.
B = volune of sample prior to aliquot for analysis, nm.
C = stack sanple volunme, dscm (dsnf).
D = in-stack detection limt, pg/nt.

Values in Table 3.1-1 are calculated for the front and back hal f and/or
total train.

—
>
D

To ensure optinum sensitivity in obtaining the measurements, the
concentrations of target netals in the solutions are suggested to be at | east
ten tines the analytical detection [imts. Under certain conditions, and with
greater care in the analytical procedure, this concentration can be as |ow as
approximately three times the analytical detection limt. In all cases, on at
| east one sanmple (run) in the source test and for each netal anal yzed,
repetitive anal yses, nethod of standard additions (MSA), serial dilution, or
matri x spi ke addition, etc., shall be used to establish the quality of the
dat a.

Actual in-stack nethod detection limits will be deternined based on
actual source sanpling parameters and anal ytical results as described above.
If required, the method in-stack detection linits can be made nore sensitive
than those shown in Table A-1 for a specific test by using one or nore of the
foll owi ng options:

® A 1-hour sampling run may collect a stack gas sanpling vol une of
about 1.25 nf. If the sanpling time is increased and 5 n? are coll ected, the
in-stack method detection limts would be one fourth of the values shown in
Table A-1 (this means that with this change, the method is four tinmes nore
sensitive than a 1-hour run. Larger sanple volunmes (longer runs) would make it
even nore sensitive).

® The in-stack detection limts assume that all of the sanmple is
di gested (with exception of the aliquot for mercury) and the final liquid
vol unes for analysis are 300 m, Fraction 1 for the front half and 150 m,
Fraction 2A, for the back-half sanple. If the front-half volume is reduced



from 300

to 30 m,

the front-half
tenth of the values shown above (ten tinmes nore sensitive).
volune is reduced from 150 ni

one sixth of the above val ues.

to 25 m,

i ncrease interference by other conpounds.

e \When both of the above two inprovenents are used on one sanple at the
i mprovenents are multiplicative.
stack gas volune is increased by a factor of five and the tota

same time,

t he resultant

origina

For exanpl e,
[iquid sanmple

in-stack detection linits would be one

I f the back-half

the in-stack detection limts would be
Matrix effects checks are necessary on anal yses
of samples and typically are of greater significance for sanples that
been concentrated to | ess than the nornal
a vol unme of

have

sampl e vol unme. Reduction to
less than 25 ml may not allow redi ssolving of the residue and may

di gested vol ume of both the front and back halves is reduced by a factor of

six, the in-stack nmethod detection limt

method is thirty times nore sensitive).

Table 3. 1-1-1n-Stack Method Detection Limts (ug/nf) for Train Fractions Using | CAP and

is reduced by a factor of thirty (the

AAS
Back- hal f Total train

Front - hal f fractions

fraction 1 Back- hal f "Hg, only"
Met al probe and fraction 2 i mpi ngers

filter i mpi ngers 1-3 4-6
Ant i nony 7.7 (0.7)" 3.8 (0.4)" 11.5 (1.1)"
Arsenic 12.7 (0.3)" 6.4 (0.1)" 19.1 (0.4)"
Bari um 0.5 0.3 0.8
Beryl lium 0.07 (0.05)" 0.04 (0.03)" 0.11 (0.08)"
Cadmi um 1.0 (0.02)" 0.5 (0.01)" 1.5 (0.03)"
Chromi um 1.7 (0.2)" 0.8 (0.1)" 2.5 (0.3)"
Copper 1.4 0.7 2.1
Lead 10.1 (0.2)" 5.0 (0.1)" 15.1 (0.3)"
Manganese 0.5 (0.2)" 0.2 (0.1)" 0.7 (0.39)
Mer cury 0.6 3.0 2.0 5.6"
N ckel 3.6 1.8 5.4
Phosphor us 18 9 27
Sel eni um 18 (0.5)° 9 (0.3)° 27 (0.8)°
Silver 1.7 0.9 2.6
Thal I'i um 9.6 (0.2)" 4.8 (0.1)" 14.4 (0.3)"
Zi nc 0.5 0.3 0.8

( )" Detection limt when anal yzed by GFAAS.

" Detection limt when anal yzed by CVAAS, estimated for Back Half and Total Train.

wher e



Note: Actual nethod in-stack detection limts will be determ ned based on actual source
sanpl i ng paraneters and anal ytical results as described earlier in this section.

® Conversely, reducing stack gas sanple volume and increasing sanple
liquid volume will increase in-stack detection limts (the method woul d then
be | ess sensitive). The front-half and back-hal f sanples (Fractions 1A plus
and 2A) can be conbi ned proportionally (see section 3.1.1.2 of this
nmet hodol ogy) prior to analysis. The resultant liquid volune (excluding the
mercury fractions, which nmust be anal yzed separately) is recorded. Comnbining
the sanpl e as described does not allow determination (whether front or back
hal f) of where in the train the sanple was captured. The in-stack nethod
detection Iimt then becones a single value for all metals except mercury, for
which the contribution of the mercury fractions nmust be consi dered.

® The above di scussion assunmes no bl ank correction. Bl ank corrections
are discussed later in this method.

3.1.2.3 Precision. The precisions (relative standard devi ation) for each
netal detected in a nethod devel opnent test at a sewage sludge incinerator
are as follows: Sb (12.7%, As (13.5%, Ba (20.6%, Cd (11.5%, C (11.2%, Cu
(11.5%, Pb (11.6%, P (14.6%, Se (15.3%, T1 (12.3%, and Zn (11.8%. The
preci sion for nickel was 7.7%for another test conducted at a source
simulator. Beryllium nanganese, and silver were not detected in the tests;
however, based on the analytical sensitivity of the |ICAP for these netals, it
is assuned that their precisions should be sinmilar to those for the other
metal s, when detected at similar |evels.

3.1.2.4 Interferences. Iron can be a spectral interference during the
anal ysis of arsenic, chromium and cadm um by | CAP. Al umi num can be a spectra
interference during the analysis of arsenic and | ead by | CAP. CGenerally, these
i nterferences can be reduced by diluting the sanple, but this increases the
nmet hod detection limt (in-stack detection limt). Refer to EPA method 6010
(SW846) or the other analytical nethods used for details on potentia
interferences for this nethod. The anal yst nmust elimnate or reduce
interferences to acceptable levels. For all GFAAS anal yses, matrix nodifiers
shoul d be used to linit interferences, and standards should be matrix matched.

3. 1.3 Apparatus

3.1.3.1 Sanpling Train. A schematic of the sanpling train is shown in
Figure 3.1-1. It is simlar to the 40 CFR part 60, appendix A nmethod 5 train.
The sanpling train consists of the foll owi ng conmponents:

3.1.3.1.1 Probe Nozzle (Probe Tip) and Borosilicate or Quartz d ass
Probe Liner. Sane as nethod 5, sections 2.1.1 and 2.1.2, except that gl ass
nozzles are required unless an alternate probe tip prevents the possibility of
contam nation or interference of the sanple with its materials of
construction. If a probe tip other than glass is used, no correction (because
of any effect on the sanple by the probe tip) of the stack sanple test results
can be nade.

3.1.3.1.2 Pitot Tube and Differential Pressure Gauge. Sanme as nethod 2,
sections 2.1 and 2.2, respectively.

3.1.3.1.3 Filter Holder. dass, same as nmethod 5, section 2.1.5, except
that a Teflon filter support or other non-metallic, non-contam nating support
nmust be used to replace the glass frit.

3.1.3.1.4 Filter Heating System Same as nethod 5, section 2.1.6.



3.1.3.1.5 Condenser. The followi ng system shall be used for the
condensation and col |l ection of gaseous nmetals and for determ ning the noisture
content of the stack gas. The condensi ng system shoul d consist of four to
seven inpingers connected in series with | eak-free ground glass fittings or
ot her | eak-free, non-contam nating fittings. The first inpinger is optiona
and is recormmended as a noi sture knockout trap for use during test conditions
whi ch require such a trap. The first inpinger shall be appropriately-sized, if
necessary, for an expected |large noisture catch and generally constructed as
described for the first inpinger in nmethod 5, paragraph 2.1.7. The second
i mpi nger (or the first HNG/HQO, inpinger) shall also be constructed as
described for the first inpinger in nethod 5. The third inpinger (or the
second HNO/ H,Q, i npi nger) shall be the same as the Greenburg Smith inpinger
with the standard tip described as the second inpinger in nethod 5, paragraph
2.1.7. Al other inpingers used in the nmethods train are the same as the first
HNG,/ H,O, i npi nger described in this paragraph. In sunmary, the first inpinger
whi ch may be optional as described in this methodol ogy shall be enpty, the
second and third shall contain known quantities of a nitric acid/hydrogen
per oxi de solution (section 3.1.4.2.1), the fourth shall be enpty, the fifth
and sixth shall contain a known quantity of acidic potassium permanganate
solution (section 3.1.4.2.2), and the last inpinger shall contain a known
quantity of silica gel. A thernoneter capable of neasuring to within 1°C (2°F)
shal |l be placed at the outlet of the last inpinger. Wen the noisture knockout
i mpi nger is not needed, it is removed fromthe train and the other inpingers
remain the sane. If mercury analysis is not to be perfornmed, the potassium
per manganat e i nmpi ngers and the enpty inpinger preceding them are renoved.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

3.1.3.1.6 Metering System Barometer, and Gas Density Deternination
Equi pnrent. Sane as nmethod 5, sections 2.1.8 through 2.1.10, respectively.

3.1.3.1.7 Tefl on Tape. For cappi ng openi ngs and sealing connections, if
necessary, on the sanpling train.

3.1.3.2 Sanpl e Recovery. Same as nethod 5, sections 2.2.1 through 2.2.8
(Nonmetal l'i ¢ Probe-Liner and Probe-Nozzl e Brushes or Swabs, Wash Bottles,
Sanpl e Storage Containers, Petri Dishes, dass Gaduated Cylinder, Plastic
St orage Contai ners, Funnel and Rubber Policeman, and d ass Funnel),
respectively, with the followi ng exceptions and additions:

3.1.3.2.1 Nonnetal lic Probe-Liner and Probe-Nozzl e Brushes or Swabs. For
quantitative recovery of materials collected in the front half of the sanpling
train: Description of acceptable all-Teflon conmponent brushes or swabs is to
be included in EPA' s Em ssion Measurement Technical |nformation Center (EMIIC)
files.

3.1.3.2.2 Sanpl e Storage Containers. G ass bottles with Teflon-1ined
caps which are non-reactive to the oxidizing solutions, with a capacity of
1000- and 500-m, shall be used for KWM1Q,-containing sanples and bl anks.
Pol yet hyl ene bottles may be used for other sanple types.

3.1.3.2.3 Graduated Cylinder. dass or equivalent.

3.1.3.2.4 Funnel. d ass or equivalent.

3.1.3.2.5 Labels. For identification of sanples.

3.1.3.2.6 Polypropyl ene Tweezers and/or Plastic G oves. For recovery of
the filter fromthe sanpling train filter hol der



3.1.3.3 Sanpl e Preparation and Analysis. For the analysis, the follow ng
equi prent i s needed:

3.1.3.3.1 Volunetric Flasks, 100-m, 250-m, and 1000-m . For
preparation of standards and sanple dilution.

3.1.3.3.2 Gaduated Cylinders. For preparation of reagents.

3.1.3.3.3 Parr® Bonbs or Mcrowave Pressure Relief Vessels w th Capping
Station (GEM Corporation nodel or equival ent).

3.1.3.3.4 Beakers and Watchgl asses. 250-m beakers for sanple digestion
wi th wat chgl asses to cover the tops.

3.1.3.3.5 Ring Stands and C anps. For securing equi pment such as
filtration apparatus.

3.1.3.3.6 Filter Funnels. For holding filter paper

3.1.3.3.7 Whatman 541 Filter Paper (or equivalent). For filtration of
di gest ed sanpl es.

3.1.3.3.8 Disposabl e Pasteur Pipets and Bul bs.
3.1.3.3.9 Volunetric Pipets.
3.1.3.3.10 Analytical Balance. Accurate to within 0.1 ng.

3.1.3.3.11 Mcrowave or Conventional Oven. For heating sanples at fixed
power |evels or tenperatures.

3.1.3.3.12 Hot Pl ates.

3.1.3.3.13 Atom c Absorption Spectronmeter (AAS). Equipped with a
background corrector

3.1.3.3.13.1 Graphite Furnace Attachnent. Wth antinony, arsenic,
cadmi um | ead, selenium thallium hollow cathode | anps (HCLs) or el ectrodel ess
di scharge | anps (EDLs). (Same as EPA SW 846 nethods 7041 (antinony), 7060
(arsenic), 7131 (cadm un), 7421 (lead), 7740 (selenium, and 7841 (thallium.)

3.1.3.3.13.2 Cold Vapor Mercury Attachnent. Wth a nercury HCL or EDL.
The equi pnent needed for the cold vapor nercury attachment includes an air
recircul ation punp, a quartz cell, an aerator apparatus, and a heat |anp or
desi ccator tube. The heat |anp should be capabl e of raising the anbient
tenmperature at the quartz cell by 10°C such that no condensation forms on the
wal | of the quartz cell. (Same as EPA net hod 7470.)

3.1.3.3.14 Inductively Coupled Argon Plasma Spectroneter. Wth either a
direct or sequential reader and an alum na torch. (Same as EPA net hod 6010.)

3.1.4 Reagents

The conplexity of this methodology is such that to obtain reliable
results, the testers (Including analysts) should be experienced and
know edgeabl e in source sanpling, in handling and preparing (including mxing)
reagents as described, and using adequate safety procedures and protective
equi prent in performing this nmethod, including sanpling, nixing reagents,
di gestions, and anal yses. Unless otherwi se indicated, it is intended that al
reagents conformto the specifications established by the Conmittee on



Anal yti cal Reagents of the American Chem cal Society, where such
specifications are avail able; otherw se, use the best avail abl e grade.

3.1.4.1 Sanpling. The reagents used in sanpling are as follows:

3.1.4.1.1 Filters. The filters shall contain less than 1.3 pg/in? of
each of the netals to be neasured. Analytical results provided by filter
manuf acturers are acceptable. However, if no such results are avail abl e,
filter blanks nust be analyzed for each target metal prior to em ssion
testing. Quartz fiber or glass fiber (which nmeet the requirenment of containing
less than 1.3 pg/in? of each netal) filters w thout organic binders shall be
used. The filters should exhibit at |east 99.95 percent efficiency (<0.05
percent penetration) on 0.3 mcron dioctyl phthal ate snoke particles. The
filter efficiency test shall be conducted in accordance with ASTM St andard
Met hod D2986-71 (incorporated by reference). For particulate determ nation in
sources containing SO, or SO, the filter material nust be of a type that is
unreactive to SO, or SO,, as described in EPA nethod 5. Quartz fiber filters
neeting these requirenents are recommended for use in this nethod.

3.1.4.1.2 Water. To conformto ASTM Specification D 193.77, Type |
(incorporated by reference). If necessary, analyze the water for all target
metals prior to field use. Al target metal concentrations should be | ess than
1 ng/m.

3.1.4.1.3 Nitric Acid. Concentrated. Baker Instra-analyzed or
equi val ent .

3.1.4.1.4 Hydrochloric Acid. Concentrated. Baker Instra-analyzed or
equi val ent .

3.1.4.1.5 Hydrogen Peroxide, 30 Percent (V/V).
3.1.4.1.6 Potassi um Per nanganat e.
3.1.4.1.7 Sulfuric Acid. Concentrated.

3.1.4.1.8 Silica Gel and Crushed Ice. Same as nethod 5, sections 3.1.2
and 3.1.4, respectively.
3.1.4.2 Pretest Preparation for Sanmpling Reagents.

3.1.4.2.1 Nitric Acid (HNG)/Hydrogen Peroxide (H0) Absorbing Sol ution,
5 Percent HNOJ/ 10 Percent H,O. Carefully with stirring, add 50 m of
concentrated HNO, to a 1000-m volunetric flask containing approxi mately 500
m of water, and then, carefully with stirring, add 333 m of 30 percent HO.
Dilute to volume (1000 mM) with water. Mx well. The reagent shall contain
less than 2 ng/m of each target netal.

3.1.4.2.2 Acidic Potassium Permanganate (KWh0Q,) Absorbing Solution, 4
Percent KMhQ, (WV), 10 Percent H,SO, (V/ V). Prepare fresh daily. Mx
carefully, with stirring, 100 m of concentrated H,SO, into 800 m of water
and add water with stirring to make a volume of 1 L: This solution is 10
percent H,SO, (V/V). Dissolve, with stirring, 40 g of KMhQ, into 10 percent
HSO, (V/V) and add 10 percent HSO, (V/V) with stirring to nake a volune of 1
L: this is the acidic potassium permanganat e absorbing solution. Prepare and
store in glass bottles to prevent degradation. The reagent shall contain |ess
than 2 ng/m of Hg.

Precaution: To prevent autocatal ytic deconposition of the permanganate
solution, filter the solution through Whatman 541 filter paper. Also, due to
the potential reaction of the potassium pernanganate with the acid, there may



be pressure buildup in the sanple storage bottle; these bottles shall not be
fully filled and shall be vented both to relieve potential excess pressure and
prevent expl osion due to pressure buil dup. Venting is required, but should not
al | ow contam nation of the sanple; a No. 70-72 hole drilled in the container
cap and Teflon Iiner has been used.

3.1.4.2.3 Nitric Acid, 0.1 N. Wth stirring, add 6.3 m of concentrated
HNO, (70 percent) to a flask containing approximately 900 m of water. Dilute
to 1000 M with water. Mx well. The reagent shall contain |l ess than 2 ng/m
of each target netal.

3.1.4.2.4 Hydrochloric Acid (HC), 8 N. Make the desired volunme of 8 N
HCl in the follow ng proportions. Carefully with stirring, add 690 m of
concentrated HC to a flask containing 250 m of water. Dilute to 1000 ml with
water. Mx well. The reagent shall contain |less than 2 ng/m of Hg.

3.1.4.3 d assware C eani ng Reagents.

3.1.4.3.1 Nitric Acid, Concentrated. Fisher ACS grade or equival ent.

3.1.4.3.2 Water. To conformto ASTM Speci fications D1193-77, Type I|I.

3.1.4.3.3 Nitric Acid, 10 Percent (V/V). Wth stirring, add 500 m of
concentrated HNO, to a flask containing approximately 4000 m of water. Dilute
to 5000 M with water. Mx well. Reagent shall contain less than 2 ng/m of
each target netal.

3.1.4.4 sanpl e Digestion and Anal ysis Reagents.

3.1.4.4.1 Hydrochloric Acid, Concentrated.

3.1.4.4.2 Hydrofluoric Acid, Concentrated.

3.1.4.4.3 Nitric Acid, Concentrated. Baker Instra-analyzed or
equi val ent .

3.1.4.4.4 Nitric Acid, 50 Percent (V/V). Wth stirring, add 125 m of
concentrated HNO, to 100 ml of water. Dilute to 250 M with water. Mx well.
Reagent shall contain less than 2 ng/m of each target netal.

3.1.4.4.5 Nitric Acid, 5 Percent (V/V). Wth stirring, add 50 m of
concentrated HNG, to 800 ml of water. Dilute to 1000 M with water. Mx well.
Reagent shall contain less than 2 ng/m of each target netal.

3.1.4.4.6 Water. To conformto ASTM Speci fications D1193-77, Type II.

3.1.4.4.7 Hydroxyl am ne Hydrochl ori de and Sodi um Chl ori de Sol uti on. See
EPA met hod 7470 for preparation.

3.1.4.4.8 Stannous Chloride. See method 7470.

3.1.4.4.9 Potassi um Permanganate, 5 Percent (WV). See nethod 7470.
3.1.4.4.10 Sulfuric Acid, Concentrated.

3.1.4.4.11 Nitric Acid, 50 Percent (V/V).

3.1.4.4.12 Potassium Persul fate, 5 Percent (WV). See Method 7470.

3.1.4.4.13 Nickel Nitrate, N (NO), 6HO



.14 Lant hanum Oxi de, La,G,.

.15 AAS Grade Hg Standard, 1000 pg/m .
.16 AAS Grade Pb Standard, 1000 pg/m .
.17 AAS Grade As Standard, 1000 pg/m .
.18 AAS Grade Cd Standard, 1000 pg/m .
.19 AAS Grade Cr Standard, 1000 pg/m .
.20 AAS Grade Sb Standard, 1000 pg/m .
.21 AAS Grade Ba Standard, 1000 pg/m .
.22 AAS Grade Be Standard, 1000 pg/m .
.23 AAS Grade Cu Standard, 1000 pg/m .
.24 AAS Grade Mh Standard, 1000 pg/m .
.25 AAS Grade Ni Standard, 1000 pg/m .
.26 AAS Grade P Standard, 1000 pg/m .
.27 AAS Grade Se Standard, 1000 pg/m .
.28 AAS Grade Ag Standard, 1000 pg/m .
.29 AAS Grade T1 Standard, 1000 pg/m .
.30 AAS Grade Zn Standard, 1000 pg/m .

.31 AAS Grade Al Standard, 1000 pg/m .
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3. 1. .32 AAS Grade Fe Standard, 1000 pg/m .

3.1.4.4.33 The netals standards may al so be made from solid chemicals as
described in EPA Method 200.7. EPA SW846 Method 7470 or Standard Met hods for
the Analysis of Water and Wastewater, 15th Edition, Method 303F should be
referred to for additional information on mercury standards.

3.1.4.4.34 Mercury Standards and Quality Control Sanples. Prepare fresh
weekly a 10 pg/m intermediate mercury standard by adding 5 m of 1000 pg/ n
mercury stock solution to a 500-m volunetric flask; dilute with stirring to
500 M by first carefully adding 20 ml of 15 percent HNO, and then addi ng
water to the 500-m volune. Mx well. Prepare a 200 ng/m working nercury
standard solution fresh daily: Add 5 mM of the 10 pg/m internediate standard
to a 250-m volunetric flask and dilute to 250 m with 5 m of 4 percent
KMhQ,, 5 m of 15 percent HNO,, and then water. Mx well. At |east six
separate aliquots of the working mercury standard sol ution should be used to
prepare the standard curve. These aliquots should contain 0.0, 1.0, 2.0, 3.0,
4.0, and 5.0 m of the working standard sol ution containing 0, 200, 400, 600,
800, and 1000 ng nercury, respectively. Quality control sanples should be
prepared by making a separate 10 pg/m standard and diluting until in the
range of the calibration.

3.1.4.4.35 | CAP Standards and Quality Control Sanples. Calibration
standards for | CAP analysis can be conbined into four different nixed standard
sol utions as shown bel ow



M xed Standard Sol utions for | CAP Analysis

Sol ution El emrent s

As, Be, Cd, Mh, Pb, Se, Zn.

| )

11 Ba, Cu, Fe.
I A, C, N.

1V Ag, P, Sb, TI.

Prepare these standards by conbining and diluting the appropriate
vol unes of the 1000 pg/m solutions with 5 percent nitric acid. A m ni mum of
one standard and a bl ank can be used to form each calibration curve. However,
a separate quality control sanple spiked with known amounts of the target
nmetals in quantities in the mdrange of the calibration curve should be
prepared. Suggested standard |l evels are 25 pug/m for A, Cr, and Pb, 15 pg/m
for Fe, and 10 pg/m for the remaining el ements. Standards containing |ess
than 1 pg/m of metal should be prepared daily. Standards containing greater
than 1 pg/m of nmetal should be stable for a mnimumof 1 to 2 weeks.

3.1.4.4.36 Graphite Furnace AAS Standards. Antinony, arsenic, cadm um
| ead, selenium and thallium Prepare a 10 pg/m standard by adding 1 m of
1000 pg/ M standard to a 100-m volunetric flask. Dilute with stirring to 100
m with 10 percent nitric acid. For graphite furnace AAS, the standards nust
be matrix matched. Prepare a 100 ng/m standard by adding 1 m of the 10 pg/m
standard to a 110-m volunetric flask and dilute to 100 m wth the
appropriate matri x solution. Other standards should be prepared by dilution of
the 100 ng/m standards. At |east five standards should be used to make up the
standard curve. Suggested levels are 0, 10, 50, 75, and 100 ng/m . Quality
control sanples should be prepared by naking a separate 10 pg/m standard and
diluting until it is in the range of the sanples. Standards containing |ess
than 1 pg/m of metal should be prepared daily. Standards containing greater
than 1 pg/m of metal should be stable for a mnimumof 1 to 2 weeks.

3.1.4.4.3 Matrix Mdifiers.

3.1.4.4.37.1 Nickel Nitrate, 1 Percent (V/V). Dissolve 4.956 g of
Ni (NG,),. 6H,O in approximately 50 ml of water in a 100-m volunetric fl ask.
Dilute to 100 ml with water.

3.1.4.4.37.2 Nickel Nitrate, 0.1 Percent (V/V). Dilute 10 m of the 1
percent nickel nitrate solution fromsection 4.4.37.1 above to 100 mM with
water. |nject an equal anpbunt of sanple and this nodifier into the graphite
furnace during AAS analysis for As.

3.1.4.4.37.3 Lanthanum Carefully dissolve 0.5864 g of La,0 in 10 m of
concentrated HNO, and dilute the solution by adding it with stirring to
approximately 50 m of water, and then dilute to 100 mM with water. Mx well.
I nject an equal amount of sanple and this nodifier into the graphite furnace
during AAS anal ysis for Pb.

3.1.5 Procedure

3.1.5.1 Sanpling. The conplexity of this nethod is such that, to obtain
reliable results, testers and anal ysts should be trained and experienced with
the test procedures, including source sanpling, reagent preparation and
handl i ng, sanpl e handling, analytical calculations, reporting, and



descriptions specifically at the begi nning of and throughout section 3.1.4 and
all other sections of this methodol ogy.

3.1.5.1.1 Pretest Preparation. Follow the sanme general procedure given
in method 5, section 4.1.1, except that, unless particulate enissions are to
be determined, the filter need not be desiccated or weighed. Al sanpling
train gl assware should first be rinsed with hot tap water and then washed in
hot soapy water. Next, glassware should be rinsed three tinmes with tap water,
followed by three additional rinses with water. All glassware should then be
soaked in a 10 percent (V/V) nitric acid solution for a mnimum of 4 hours,
rinsed three times with water, rinsed a final tine with acetone, and all owed
to air dry. Al glassware openings where contani nation can occur should be
covered until the sanpling train is assenbled for sanpling.

3.1.5.1.2 Prelinmnary Determ nations. Same as nethod 5, section 4.1.2.

3.1.5.1.3 Preparation of Sanpling Train. Follow the sane genera
procedures given in nmethod 5, section 4.1.3, except place 100 m of the nitric
aci d/ hydrogen peroxi de solution (section 3.1.4.2.1) in each of the two
HNO,/ H,O, i npi ngers as shown in Figure 3.1-1 (normally the second and third
i mpi ngers), place 100 m of the acidic potassi um pernmanganate absorbing
solution (section 3.1.4.2.2) in each of the two permanganate inpingers as
shown in Figure A-1, and transfer approximtely 200 to 300 g of prewei ghed
silica gel fromits container to the last inpinger. Alternatively, the silica
gel may be weighed directly in the inpinger just prior to train assenbly.

Several options are available to the tester based on the sanpling
requi rements and conditions. The use of an enpty first inpinger can be
elimnated if the moisture to be collected in the inpingers will be | ess than
approximately 100 m . If necessary, use as applicable to this nethodol ogy the
procedure described in section 7.1.1 of EPA nethod 101A, 40 CFR part 61
appendi x B, to maintain the desired color in the | ast permanganate i npi nger.

Retain for reagent blanks volunmes of the nitric acid/hydrogen peroxide
solution per section 3.1.5.2.9 of this method and of the acidic potassium
per manganat e sol ution per section 3.1.5.2.10. These reagent bl anks shoul d be
| abel ed and anal yzed as described in section 3.1.7. Set up the sanpling train
as shown in Figure 3.1-1, or if mercury analysis is not to be performed in the
train, then it should be nodified by renoving the two permanganate i npingers
and the inpinger preceding the permanganate inpingers. |f necessary to ensure
| eak-free sanpling train connections and prevent contam nation Tefl on tape or
ot her non-contaninating material should be used instead of silicone grease.

Precaution: Extreme care should be taken to prevent contami nation wthin
the train. Prevent the mercury collection reagent (acidic potassium
per manganate) from contacting any glassware of the train which is washed and
anal yzed for M. Prevent hydrogen peroxide frommxing with the acidic
pot assi um per manganat e.

Mercury emi ssions can be nmeasured, alternatively, in a separate train
whi ch neasures only mercury emnmi ssions by using EPA nmethod 101A with the
nodi fications described below (and with the further nodification that the
per manganat e contai ners shall be processed as described in the precaution in
section 3.1.4.2.2 and the note in section 3.1.5.2.5 of this methodol ogy). This
alternative nethod is applicable for nmeasurenent of nmercury em ssions, and it
may be of special interest to sources which nust neasure both nercury and
manganese eni ssi ons.

Section 7.2.1 of nmethod 101A shall be nodified as foll ows after the 250
to 400-m KMhQ, rinse:



To renove any precipitated material and any residual brown deposits on
the glassware foll owi ng the permanganate rinse, rinse with approxi mately 100
m of deionized distilled water, and add this water rinse carefully assuring
transfer of all |oose precipitated materials fromthe three permanganate
i mpi ngers into the permanganate Container No. 1. If no visible deposits remain
after this water rinse, do not rinse with 8 N HO. However, if deposits do
remain on the glassware after this water rinse, wash the inpinger surfaces
with 25 m of 8 N HC, and place the wash in a separate sanple contai ner
| abel ed Container No. 1.A containing 200 nl of water as follows. Place 200 n
of water in a sanple container |abeled Container No. 1.A Wsh the inpinger
wal s and stemwith the HO by turning the inpinger on its side and rotating
it so that the HC contacts all inside surfaces. Use a total of only 25 m of
8 N HCO for rinsing all permanganate inpingers conbined. Rinse the first
i mpi nger, then pour the actual rinse used for the first inpinger into the
second i nmpinger for its rinse, etc. Finally, pour the 25 m of 8 N HO rinse
carefully with stirring into Container No. 1.A Analyze the HO rinse
separately by carefully diluting with stirring the contents of Container No.
1.A. to 500 M with deionized distilled water. Filter (if necessary) through
VWhat man 40 filter paper, and then analyze for mercury according to section
7.4, except limt the aliquot size to a maxi mum of 10 ml. Prepare and anal yze
a water diluted blank 8 N HCl sanple by using the same procedure as that used
by Container No. 1.A., except add 5 mM of 8 NHC wth stirring to 40 m of
water, and then dilute to 100 ml with water. Then analyze as instructed for
the sanple from Container No. 1. A Because the previous separate permanganate
solution rinse (section 7.2.1) and water rinse (as nodified in these
gui del i nes) have the capability to recover a very high percentage of the
mercury fromthe permanganate inpingers, the amount of mercury in the HC
rinse in Container No. 1.A may be very small, possibly even insignificantly
smal | . However, add the total of any nercury analyzed and cal cul ated for the
HCl rinse sanple Container No. 1.A to that calculated fromthe nmercury sanple
fromsection 7.3.2 which contains the separate permanganate rinse (and water
rinse as nodified herein) for calculation of the total sanple nmercury
concentration.

3.1.5.1.4 Leak-Check Procedures. Follow the | eak-check procedures given
in method 5, section 4.1.4.1 (Pretest Leak-Check), section 4.1.4.2 (Leak-
Checks During the Sanple Run), and section 4.1.4.3 (Post-Test Leak-Checks).

3.1.5.1.5 Sanpling Train Operation. Follow the procedures given in
met hod 5, section 4.1.5. For each run, record the data required on a data
sheet such as the one shown in Figure 5-2 of method 5.

3.1.5.1.6 Calculation of Percent |sokinetic. Sane as nethod 5, section
4.1.6.

3.1.5.2 Sanpl e Recovery. Begin cleanup procedures as soon as the probe
is renoved fromthe stack at the end of a sanpling period.

The probe should be allowed to cool prior to sanple recovery. Wen it
can be safely handl ed, wipe off all external particulate matter near the tip
of the probe nozzle and place a rinsed, non-contaninating cap over the probe
nozzle to prevent losing or gaining particulate matter. Do not cap the probe
tip tightly while the sanpling train is cooling. This normally causes a vacuum
to formin the filter holder, thus causing the undesired result of draw ng
liquid fromthe inmpingers into the filter

Bef ore noving the sanpling train to the cleanup site, renove the probe
fromthe sanpling train and cap the open outlet. Be careful not to | ose any
condensate that might be present. Cap the filter inlet where the probe was
fastened. Renmove the unbilical cord fromthe | ast inpinger and cap the
i mpi nger. Cap off the filter holder outlet and inpinger inlet. Use



noncont ani nati ng caps, whether ground-glass stoppers, plastic caps, serum
caps, or Teflon tape to close these openings.

Al ternatively, the train can be di sassenbl ed before the probe and filter
hol der/ oven are conpletely cooled, if this procedure is followed: Initially
di sconnect the filter holder outlet/inpinger inlet and | oosely cap the open
ends. Then di sconnect the probe fromthe filter holder or cyclone inlet and
| oosely cap the open ends. Cap the probe tip and renmove the unbilical cord as
previously descri bed.

Transfer the probe and filter-inpinger assenbly to a cl eanup area that
is clean and protected fromthe wind and other potential causes of
contam nation or |loss of sanple. Inspect the train before and during
di sassenbly and note any abnornal conditions. The sanple is recovered and
treated as follows (see schematic in Figure 3.1-2). Ensure that all itens
necessary for recovery of the sanple do not contam nate it.

3.1.5.2.1 Container No. 1 (Filter). Carefully renmove the filter fromthe
filter holder and place it in its identified petri dish container. Acid-washed
pol ypropyl ene or Teflon coated tweezers or clean, disposable surgical gloves
rinsed with water and dried should be used to handle the filters. If it is
necessary to fold the filter, make certain the particulate cake is inside the
fold. Carefully transfer the filter and any particulate matter or filter
fibers that adhere to the filter holder gasket to the petri dish by using a
dry (acid-cleaned) nylon bristle brush. Do not use any netal contai ni ng
materi al s when recovering this train. Seal the | abeled petri dish.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

3.1.5.2.2 Container No. 2 (Acetone Rinse).

Note: Performsection 3.1.5.2.2 only if determi nation of particulate
em ssions are desired in addition to netals emissions. If only netals
em ssions are desired, skip section 3.1.5.2.2 and go to section 3.1.5.2.3.
Taking care to see that dust on the outside of the probe or other exterior
surfaces does not get into the sanple, quantitatively recover particul ate
matter and any condensate fromthe probe nozzle, probe fitting (plastic such
as Teflon, polypropylene, etc. fittings are recomended to prevent
contam nation by netal fittings; further, if desired, a single glass piece
consi sting of a combined probe tip and probe liner may be used, but such a
single glass piece is not a requirenent of this nethodol ogy), probe liner, and
front half of the filter holder by washing these conponents with 100 nml of
acetone and placing the wash in a gl ass contai ner

Note: The use of exactly 100 ml is necessary for the subsequent bl ank
correction procedures. Distilled water may be used instead of acetone when
approved by the Adm nistrator and shall be used when specified by the
Admi nistrator; in these cases, save a water blank and follow the
Admi ni strator's directions on analysis. Performthe acetone rinses as foll ows:
Carefully renove the probe nozzle and clean the inside surface by rinsing with
acetone froma wash bottle and brushing with a nonnmetallic brush. Brush unti
the acetone rinse shows no visible particles, after which nake a final rinse
of the inside surface with acetone.

Brush and rinse the sanpl e-exposed, inside parts of the fitting with
acetone in a sinmlar way until no visible particles renain.

Ri nse the probe liner with acetone by tilting and rotating the probe
while squirting acetone into its upper end so that all inside surfaces will be
wetted with acetone. Allow the acetone to drain fromthe |ower end into the



sampl e container. A funnel may be used to aid in transferring |iquid washings
to the container. Follow the acetone rinse with a nonnetallic probe brush.
Hold the probe in an inclined position, squirt acetone into the upper end as

t he probe brush is being pushed with a twi sting action through the probe; hold
a sanpl e contai ner underneath the | ower end of the probe, and catch any
acetone and particulate matter which is brushed through the probe three tines
or nore until none remains in the probe liner on visual inspection. R nse the
brush with acetone, and quantitatively collect these washings in the sanmple
container. After the brushing, make a final acetone rinse of the probe as
descri bed above.

It is recomended that two people clean the probe to ninimze sample
| osses. Between sanpling runs, keep brushes clean and protected from
cont ani nati on.

Clean the inside of the front half of the filter holder by rubbing the
surfaces with a nonnetallic nylon bristle brush and rinsing with acetone.
Ri nse each surface three times or nore if needed to renpve visible
particul ate. Make a final rinse of the brush and filter hol der. After al
acet one washings and particul ate matter have been collected in the sanple
container tighten the lid on the sanple container so that acetone will not
| eak out when it is shipped to the |aboratory. Mark the height of the fluid
| evel to determnmine whether or not |eakage occurred during transport. Label the
container clearly to identify its contents.

3.1.5.2.3 Container No. 3 (Probe Rinse). Keep the probe assenbly clean
and free fromcontam nati on as described in section 3.1.5.2.2 of this nethod
during the 0.1 N nitric acid rinse described bel ow Rinse the probe nozzle and
fitting probe liner, and front half of the filter holder thoroughly with 100
m of 0.1 Nnitric acid and place the wash into a sanple storage contai ner

Note: The use of exactly 100 ml is necessary for the subsequent bl ank
correction procedures. Performthe rinses as applicable and generally as
described in nmethod 12, section 5.2.2. Record the volune of the conbined
rinse. Mark the height of the fluid |l evel on the outside of the storage
contai ner and use this mark to deternine if |eakage occurs during transport.
Seal the container and clearly | abel the contents. Finally, rinse the nozzle,
probe liner, and front half of the filter holder with water foll owed by
acetone and di scard these rinses.

3.1.5.2.4 Container No. 4 (Inpingers 1 through 3, HNOJ/HO I npingers and
Mbi st ure Knockout | npinger, when used, Contents and Rinses). Due to the
potentially large quantity of liquid involved, the tester may place the
i mpi nger solutions frominpingers 1 through 3 in nore than one contai ner
Measure the liquid in the first three inpingers volunetrically to within 0.5
m using a graduated cylinder. Record the volume of liquid present. This
information is required to calculate the noisture content of the sanpled flue
gas. Clean each of the first three inpingers, the filter support, the back
hal f of the filter housing, and connecting gl assware by thoroughly rinsing
with 100 M of 0.1 N nitric acid using the procedure as applicable and
general ly as described in method 12, section 5.2.4.

Note: The use of exactly 100 m of 0.1 N nitric acid rinse is necessary
for the subsequent blank correction procedures. Conbine the rinses and
i mpi nger solutions, neasure and record the volunme. Mark the height of the
fluid |l evel on the outside of the container to determine if |eakage occurs
during transport. Seal the container and clearly | abel the contents.

3.1.5.2.5 Container Nos. 5A, 5B, and 5C. 5A (0.1 N HNG)), 5B (KMQ/ H,SO,
absorbing solution), and 5C (8 N HCO rinse and dilution). (As described
previously at the end of section 3.1.3.1.5 of this nmethod, if mercury is not



being measured in this train, then inpingers 4, 5, and 6, as shown in Figure
3.1-2, are not necessary and may be elimnated.) Pour all the liquid, if any,
fromthe inpinger which was enpty at the start of the run and which

i medi ately precedes the two permanganate inmpingers (normally inpinger No. 4)
into a graduated cylinder and nmeasure the volume to within 0.5 m . This
information is required to calculate the noisture content of the sanpled flue
gas. Place the liquid in Sanple Container No. 5A. Rinse the inmpinger (No. 4)
with 100 m of 0.1 N HNO, and place this into Container No. 5A.

Pour all the liquid fromthe two pernmanganate inpingers into a graduated
cylinder and nmeasure the volume to within 0.5 m. This information is required
to calculate the noisture content of the sanpled flue gas. Place this KwhQ,
absorbi ng solution stack sanple fromthe two permanganate inpingers into
Contai ner No. 5B. Using 100 ml total of fresh acidified potassium permanganate
solution, rinse the two pernmanganate inpingers and connecting gl ass pieces a
m ni mum of three times and place the rinses into Container No. 5B, carefully
ensuring transfer of all |oose precipitated materials fromthe two inpingers
into Container No. 5B. Using 100 ml total of water, rinse the pernanganate
i mpi ngers and connecting glass pieces a mninumof three tinmes, and place the
rinses into Container 5B, carefully ensuring transfer of all |oose
precipitated material, if any, fromthe two inpingers into Container No. 5B
Mark the height of the fluid I evel on the outside of the bottle to determ ne
i f | eakage occurs during transport. See the followi ng note and the precaution
in paragraph 3.1.4.2.2 and properly prepare the bottle and clearly |abel the
contents.

Note: Due to the potential reaction of the potassium permanganate wth
the acid, there may be pressure buildup in the sanple storage bottles. These
bottles shall not be conpletely filled and shall be vented to relieve
potential excess pressure. Venting is required. A No. 70-72 hole drilled in
the container cap and Teflon liner has been used.

If no visible deposits remain after the above described water rinse, do
not rinse with 8 N HO. However, if deposits do remain on the gl assware after
this water rinse, wash the inpinger surfaces with 25 m of 8 N HC, and pl ace
the wash in a separate sanple container |abeled Container No. 5C containing
200 M of water as follows: Place 200 M of water in a sanple container
| abel ed Contai ner No. 5C. Wash the inpinger walls and stemwith the HC by
turning the inmpinger on its side and rotating it so that the HC contacts al
i nside surfaces. Use a total of only 25 ml of 8 N HC for rinsing both
per mananat e i npi ngers conbi ned. Rinse the first inpinger, then pour the actua
rinse used for the first inpinger into the second inpinger for its rinse.
Finally, pour the 25 ml of 8 N HC rinse carefully with stirring into
Cont ai ner No. 5C. Mark the height of the fluid level on the outside of the
bottle to determine if | eakage occurs during transport.

3.1.5.2.6 Container No. 6 (Silica Gel). Note the color of the indicating
silica gel to determ ne whether it has been conpletely spent and nmake a
notation of its condition. Transfer the silica gel fromits inpinger toits
original container and seal. The tester may use a funnel to pour the silica
gel and a rubber policeman to renove the silica gel fromthe inpinger.

The smal |l anmpunt of particles that nay adhere to the inpinger wall need
not be renoved. Do not use water or other liquids to transfer the silica ge
since weight gained in the silica gel inpinger is used for noisture
calculations. Alternatively, if a balance is available in the field, record
t he weight of the spent silica gel (or silica gel plus inpinger) to the
nearest 0.5 g.

3.1.5.2.7 Container No. 7 (Acetone Blank). If particulate em ssions are
to be determ ned, at |east once during each field test, place a 100-m portion



of the acetone used in the sanple recovery process into a | abel ed contai ner
for use in the front-half field reagent blank. Seal the container

3.1.5.2.8 Container No. 8A (0.1 N Nitric Acid Blank). At |east once
during each field test, place 300 mM of the 0.1 Nnitric acid solution used in
the sanpl e recovery process into a | abeled container for use in the front-half
and back-half field reagent blanks. Seal the container. Container No. 8B
(water blank). At |east once during each field test, place 100 m of the water
used in the sanple recovery process into a | abel ed Contai ner No. 8B. Seal the
cont ai ner.

3.1.5.2.9 Container No. 9 (5% Nitric Acid/10% Hydrogen Peroxi de Bl ank).
At | east once during each field test, place 200 m of the 5%nitric acid/ 10%
hydr ogen peroxi de solution used as the nitric acid inpinger reagent into a
| abel ed container for use in the back-half field reagent blank. Seal the
cont ai ner.

3.1.5.2.10 Container No. 10 (Acidified Potassium Per manganate Bl ank). At
| east once during each field test, place 100 m of the acidified potassium
per manganat e sol uti on used as the inpinger solution and in the sanple recovery
process into a | abel ed container for use in the back-half field reagent bl ank
for mercury analysis. Prepare the container as described in section 3.1.5.2.5.

Note: Due to the potential reaction of the potassium permanganate wth
the acid, there may be pressure buildup in the sanple storage bottles. These
bottles shall not be conpletely filled and shall be vented to relieve
potential excess pressure. Venting is required. A No. 70-72 hole drilled in
the container cap and Teflon liner has been used.

3.1.5.2.11 Container No. 11 (8 N HCO Blank). At |east once during each
field test, performboth of the follow ng: Place 200 mM of water into a sanple
container. Pour 25 m of 8N HCl carefully with stirring into the 200 m of
water in the container. Mx well and seal the container

3.1.5.2.12 Container No. 12 (Filter Blank). Once during each field test,
pl ace three unused blank filters fromthe sane ot as the sanpling filters in
a | abel ed petri dish. Seal the petri dish. These will be used in the front-
hal f field reagent bl ank.

3.1.5.3 Sanple Preparation. Note the level of the liquid in each of the
containers and determine if any sanple was |ost during shipnent. If a
noti ceabl e amount of | eakage has occurred, either void the sanple or use
nmet hods, subject to the approval of the Adninistrator, to correct the fina
results. A diagramillustrating sanple preparation and anal ysis procedures for
each of the sanple train conponents is shown in Figure 3.1-3.

3.1.5.3.1 Container No. 1 (Filter). If particulate em ssions are being
deterni ned, then desiccate the filter and filter catch w thout added heat and
weigh to a constant wei ght as described in section 4.3 of method 5. For
anal ysis of netals, divide the filter with its filter catch into portions
cont ai ni ng approximately 0.5 g each and place into the analyst's choice of
ei ther individual mcrowave pressure relief vessels or Parr® Bombs. Add 6 nl
of concentrated nitric acid and 4 m of concentrated hydrofluoric acid to each
vessel . For mcrowave heating, microwave the sanple vessels for approxi mately
12-15 minutes in intervals of 1 to 2 mnutes at 600 Watts. For conventiona
heating, heat the Parr Bonmbs at 140°C (285°F) for 6 hours. Cool the sanples to
roomtenperature and conbine with the acid digested probe rinse as required in
section 3.1.5.3.3, bel ow

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<



Notes: 1. Suggested m crowave heating tinmes are approximate and are
dependent upon the nunber of sanples being digested. Twelve to 15 minute
heating tines have been found to be acceptable for simultaneous digestion of
up to 12 individual sanples. Sufficient heating is evidenced by sorbent reflux
wi thin the vessel

2. If the sanpling train uses an optional cyclone, the cyclone catch
shoul d be prepared and di gested using the same procedures described for the
filters and conbined with the digested filter sanples.

3.1.5.3.2 Container No. 2 (Acetone Rinse). Note the level of liquid in
the container and confirmon the analysis sheet whether |eakage occurred
during transport. If a noticeable amunt of |eakage has occurred, either void
the sanple or use nmethods, subject to the approval of the Administrator, to
correct the final results. Measure the liquid in this container either
volunetrically to £+ 1 ml or gravinmetrically to £+ 0.5 g. Transfer the contents
to an acid-cl eaned, tared 250-n beaker and evaporate to dryness at anbient
tenmperature and pressure. |f particulate em ssions are being determ ned,
desiccate for 24 hours w thout added heat, weigh to a constant wei ght
according to the procedures described in section 4.3 of nmethod 5, and report
the results to the nearest 0.1 ng. Redissolve the residue with 10 m of
concentrated nitric acid and, carefully with stirring, quantitatively conbine
the resultant sanmple including all liquid and any particulate matter with
Contai ner No. 3 prior to beginning the follow ng section 3.1.5.3.3.

3.1.5.3.3 Container No. 3 (Probe Rinse). The pH of this sanple shall be
2 or lower. If the pHis higher, the sanple should be acidified to pH 2 by the
careful addition with stirring of concentrated nitric acid. The sanple should
be rinsed into a beaker with water and the beaker should be covered with a
ri bbed wat chgl ass. The sanpl e vol une shoul d be reduced to approxi mately 20 m
by heating on a hot plate at a tenperature just bel ow boiling. Digest the
sanple in mcrowave vessels or Parr® Bonbs by quantitatively transferring the
sample to the vessel or bomb, by carefully adding the 6 m of concentrated
nitric acid and 4 m of concentrated hydrofluoric acid and then continuing to
follow the procedures described in section 3.1.5.3.1; then conbine the
resultant sanmple directly with the acid digested portions of the filter
prepared previously in section 3.1.5.3.1. The resultant conbined sample is
referred to as Fraction 1 precursor. Filter the conbined solution of the acid
digested filter and probe rinse sanples using Watman 541 filter paper. Dilute
to 300 M (or the appropriate volume for the expected nmetal s concentration)
with water. This dilution is Fraction 1. Measure and record the volune of the
Fraction 1 solution to within 0.1 nml. Quantitatively renpve a 50-m aliquot
and | abel as Fraction 1B. Label the remaining 250-m portion as Fraction 1A
Fraction 1A is used for | CAP or AAS analysis. Fraction 1B is used for the
determ nation of front-half nercury.

3.1.5.3.4 Container No. 4 (Inpingers 1-3). Measure and record the tota
volune of this sanple (Fraction 2) to within 0.5 m. Renove a 75- to 100-m
aliquot for nercury analysis and | abel as Fraction 2B. Label the renaining
portion of Container No. 4 as aliquot Fraction 2A. Aliquot Fraction 2A defines
the volume of 2A prior to digestion. Al of the aliquot Fraction 2A is
di gested to produce concentrated Fraction 2A. Concentrated Fraction 2A defines
the volume of 2A after digestion which is nornmally 150 m. Only concentrated
Fraction 2A is analyzed for netals (except that it is not analyzed for
mercury). The Fraction 2B aliquot should be prepared and anal yzed for nmercury
as described in section 3.1.5.4.3. Aliquot Fraction 2A shall be pH 2 or |ower.
I f necessary, use concentrated nitric acid, by careful addition and stirring,
to |l ower aliquot Fraction 2A to pH 2. The sanple should be rinsed into a
beaker with water and the beaker should be covered with a ribbed watchgl ass.
The sanpl e vol ume shoul d be reduced to approximately 20 ml by heating on a hot
plate at a tenperature just below boiling. Next follow either the conventiona



or microwave di gestion procedures described in sections 3.1.5.3.4.1 and
3.1.5.3.4.2, below

3.1.5.3.4.1 Conventional Digestion Procedure. Add 30 ml of 50 percent
nitric acid and heat for 30 minutes on a hot plate to just bel ow boiling. Add
10 M of 3 percent hydrogen peroxi de and heat for 20 nore m nutes. Add 50 mi
of hot water and heat the sanple for an additional 20 minutes. Cool, filter
the sanple, and dilute to 150 ml (or the appropriate volunme for the expected
nmetal s concentrations) with water. This dilution is concentrated Fraction 2A
Measure and record the volume of the Fraction 2A solution to within 0.1 nl.

3.1.5.3.4.2 Mcrowave Di gestion Procedure. Add 10 ml of 50 percent
nitric acid and heat for 6 minutes in intervals of 1 to 2 mnutes at 600
Watts. Allow the sanple to cool. Add 10 m of 3 percent hydrogen peroxi de and
heat for 2 nmore mnutes. Add 50 ml of hot water and heat for an additional 5
m nutes. Cool, filter the sanple, and dilute to 150 ml (or the appropriate
volunme for the expected netals concentrations) with water. This dilution is
concentrated Fraction 2A. Measure and record the volunme of the Fraction 2A
solution to within 0.1 m .

Note: All m crowave heating tinmes given are approximate and are
dependent upon the nunmber of sanples being digested at a tine. Heating tines
as given above have been found acceptable for simultaneous digestion of up to
12 individual sanmples. Sufficient heating is evidenced by solvent reflux
wi thin the vessel

3.1.5.3.5 Container Nos. 5A, 5B, and 5C (I npingers 4, 5, and 6). Keep
t hese sanpl es separate from each other and neasure and record the vol unmes of
5A and 5B separately to within 0.5 mM. Dilute sanple 5Cto 500 ml with water.
These sanples 5A, 5B, and 5C are referred to respectively as Fractions 3A, 3B
and 3C. Follow the anal ysis procedures described in section 3.1.5.4.3.

Because t he pernmanganate rinse and water rinse have the capability to
recover a high percentage of the mercury fromthe permanganate inpingers, the
amount of mercury in the HC rinse (Fraction 3C) nmay be very snmall, possibly
even insignificantly small. However, as instructed in this nethod, add the
total of any mercury measured in and calculated for the HO rinse (Fraction
3C) to that for Fractions 1B, 2B, 3A, and 3B for calculation of the tota
sanmpl e mercury concentration

3.1.5.3.6 Container No. 6 (Silica Gel). Wigh the spent silica gel (or
silica gel plus inpinger) to the nearest 0.5 g using a balance. (This step may
be conducted in the field.)

3.1.5.4 Sanpl e Analysis. For each sanpling train, seven individua
sampl es are generated for analysis. A schematic identifying each sanple and
the prescribed sanple preparation and anal ysis schene is shown in Figure 3.1-
3. The first two sanples, |abeled Fractions 1A and 1B, consist of the digested
samples fromthe front half of the train. Fraction 1A is for | CAP or AAS
anal ysis as described in sections 3.1.5.4.1 and/or 3.1.5.4.2. Fraction 1B is
for determination of front-half nercury as described in section 3.1.5.4.3.

The back half of the train was used to prepare the third through seventh
samples. The third and fourth sanples, |abeled Fractions 2A and 2B, contain
t he di gested sanmples fromthe noisture knockout, if used, and HNO/ HO
| mpingers 1 through 3. Fraction 2A is for | CAP or AAS analysis. Fraction 2B
will be analyzed for nercury.

The fifth through seventh sanples, |abeled Fractions 3A, 3B, and 3C
consi st of the inpinger contents and rinses fromthe enpty and permanganate
i mpingers 4, 5, and 6. These sanples are analyzed for mercury as described in



section 3.1.5.4.3. The total back-half mercury catch is determ ned fromthe
sum of Fraction 2B and Fractions 3A, 3B, and 3C

3.1.5.4.1 I CAP Analysis. Fraction 1A and Fraction 2A are analyzed by
| CAP using EPA SW 846 met hod 6010 or nethod 200.7 (40 CFR 136, appendix C)
Calibrate the | CAP, and set up an analysis program as described in nethod 6010
or method 200.7. The quality control procedures described in section 3.1.7.3.1
of this method shall be foll owed. Recomrended wavel engths for use in the
anal ysis are |listed bel ow

El emrent Wavel ength (nm
Al um num 308. 215
Ant i nony 206. 833
Arsenic 193. 696
Bari um 455. 403
Beryl | i um 313. 042
Cadmi um 226. 502
Chr oni um 267.716
Copper 324. 754
Iron 259. 940
Lead 220. 353
Manganese 257. 610
Ni ckel 231. 604
Phosphor us 214.914
Sel eni um 196. 026
Silver 328. 068
Thal I'i um 190. 864
Zinc 213. 856

The wavel engths |isted are recormmended because of their sensitivity and
overal |l acceptance. Ot her wavel engths may be substituted if they can provide
the needed sensitivity and are treated with the sane corrective techniques for
spectral interference.

Initially, analyze all sanples for the desired target netals (except
mercury) plus iron and aluminum I|f iron and alum num are present in the
sampl e, the sanple may have to be diluted so that each of these elenments is at
a concentration of less than 50 ppmto reduce their spectral interferences on
arsenic, cadmi um chrom um and | ead.

Not e. When anal yzing sanples in a hydrofluoric acid matrix, an al umina
torch should be used; since all front-half sanples will contain hydrofluoric
acid, use an alunmina torch

3.1.5.4.2 AAS by Direct Aspiration and/or G aphite Furnace. |If analysis
of metals in Fraction 1A and Fraction 2A using graphite furnace or direct
aspiration AAS is desired, Table 3.1-2 should be used to determ ne which
t echni ques and net hods shoul d be applied for each target metal. Table 3.1-2
shoul d al so be consulted to determ ne possible interferences and techniques to
be followed for their mninization. Calibrate the instrument according to
section 3.1.6.3 and follow the quality control procedures specified in section
3.1.7.3. 2.

Tabl e 3.1-2-Applicable Techni ques, Methods, and M ninization of Interference for AAS
Anal ysi s




Met al

Techni que

SW 846
Met hod No

Wavel engt h
(nm

I nterferences

Cause

M nim zation

Sb

Sb

Ba

Be

Be

Aspiration

Fur nace

Fur nace

Aspiration

Aspiration

Fur nace

Aspiration

Fur nace

Aspiration

7040

7041

7060

7080

7090

7091

7130

7131

7190

217.6

217.6

193.7

553.6

234.9

234.9

228.8

228.8

357.9

1000 ng/ nm. Pb
Ni, Cu, or
acid

H gh Pb

Arseni c
vol ati zati on

Al um num

Cal ci um

Bari um
ionization

500 ppm Al

H gh My and
S

Be in optical
path

Absor ption
and |ight
scattering
As above
Excess

chl ori de

Pi pet tips

Al kal i netal

Use secondary
wavel engt h of
231.1 nm

mat ch sanpl e
& st andards
acid
concentration
or use
nitrous

oxi de/ acetyl e
ne fl ane.
Secondary
wavel ength or
Zeenman
correction.
Spi ked
sanpl es and
add ni ckel
nitrate
solution to
di gest ates
prior to

anal ysi s.

Use Zeeman
backgr ound
correction.
H gh hol | ow
cat hode
current and
narrow band
set .

2 nL of KC1
per 100 mL of
sanpl e.

Add 0. 1%
fluoride.

Use net hod of
st andard

addi tions.
Optim ze
paraneters to
mnimze

ef fects.
Backgr ound
correction is
required.

As above.
Amoni um
phosphat e
used as a
matri x

nodi fier.

Use cadm um
free tips.
KC1
ionization
suppr essant
in sanpl es
and

st andar ds.



Fe

Pb

Pb

Se

Ag

Fur nace

Aspiration

Aspiration

Aspiration

Fur nace

Aspiration

Aspiration

Fur nace

Aspiration

7191

7210

7380

7420

7421

7460

7520

7740

7760

357.9

324.7

248.3

283.3

283.3

279.5

232.0

196.0

328.1

Absor ption
and scatter

200 nmg/L Ca
and P
Absor ption

and scatter

Cont am nati on

217.0 nm
alternate

Poor
recoveries

403.1 nm
alternate

352. 4 nm
alternate

Fe, Co, and
Cr

Nonl i near
response

Volatility

Adsorption &
scatter

Adsorption &
scatter

AgCl i nsol ube

Consul t

manuf act urer'
s literature.
Al cal cium
nitrate for a
known

const ant
effect and to
elimnate

ef fect of
phosphat e.
Consul t

manuf act urer'
s manual .

G eat care
taken to

avoi d

cont am nati on

Backgr ound
correction
required.

Mat ri x

modi fier, add
10 uL of
phosphor us
acid to 1 nL
of prepared
sanple in
sanpl er cup.
Backgr ound
correction
required.
Backgr ound
correction
required.

Mat ri x

mat chi ng or
nitrous-

oxi de/ acetyl e
ne flane.
Sanpl e
dilution or
use 352.3 nm
l'i ne.

Spi ke sanpl es
and reference
materials and
add ni ckel
nitrate to
mnimze

vol atilizatio

n
Backgr ound
correction is
required and
Zeenman

backgr ound
correction
can be
useful .

Backgr ound
correction is
required.
Avoi d
hydrochl ori c
aci d unl ess
silver is in
solution as a



chl ori de
conpl ex.

Vi scosity Sampl e and
st andar ds
nonitored for
aspiration
rate.

Tl Aspiration 7840 276. 8 Backgr ound
correction is
required.
Hydrochl ori c
acid shoul d
not be used.

Tl Fur nace 7841 276. 8 Hydrochloric Backgr ound

acid or correction is
chl ori de required.
Verify that
| osses are
not occurring
for
vol ati zati on
by spi ked
sanpl es or
st andard
addi ti on;
Pal l adiumis
a suitable
matri x
nodi fier.
gh Si, Cu, Stronti um
P renoves Cu
and
phosphat e.
Contam nation Geat care
taken to
avoi d
cont am nati on

Zn Aspiration 7950 213.9 Hi
&

3.1.5.4.3 Cold Vapor AAS Mercury Analysis. Fraction 1B, Fraction 2B, and
Fractions 3A, 3B, and 3C should be anal yzed separately for mercury using cold
vapor atonic absorption spectroscopy followi ng the nmethod outlined i n EPA SW
846 nethod 7470 or in Standard Met hods for Water and WAstewater Analysis, 15th
Edition, Method 303F. Set up the calibration curve (zero to 1000 ng) as
described in SW846 nethod 7470 or similar to nethod 303F, using 300-m BOD
bottles instead of Erlenmeyers. Dilute separately, as described below, a 1 m
to 10 m aliquot of each original sanple to 100 M with water. Record the
amount of the aliquot used for dilution to 100 m . If no prior know edge
exi sts of the expected anmount of nercury in the sanple, a 5-m aliquot is
suggested for the first dilution to 100 mM and analysis. To determine the
stack em ssion value for nercury, the amount of the aliquot of the sanple used
for dilution and analysis is dependent on the amount of nercury in the
aliquot: The total anpbunt of mercury in the aliquot used for analysis shall be
less than 1 pug, and within the range (zero to 1000 ng) of the calibration
curve. Place each sanple aliquot into a separate 300-m BOD bottle and add
enough Type Il water to make a total volune of 100 ml. Then analyze the 100 m
for mercury by adding to it sequentially the sanple preparation solutions and
perform ng the sanple preparation and anal ysis as described in the procedures
of SW 846 nmethod 7470 or nethod 303F. If, during the described analysis, the
readi ng maxi mum(s) are off-scale (because the aliquot of the original sanple
anal yzed contai ned nore nmercury than the nmaxi mum of the calibration range)
i ncluding the analysis of the 100-m dilution of the 1-m aliquot of the



original sanple causing a reading maxi num which is off-scale, then performthe
following: Dilute the original sanmple (or a portion of it) with 0.15% HNG, in
water (1.5 m concentrated HNO, per liter aqueous solution) so that when a 1-
m to 10-m aliquot of the dilution of the original sanple is then further
diluted to 100 ml in the BOD bottle, and anal yzed by the procedures described
above, it will yield an analysis within the range of the calibration curve.

3.1.6 Calibration
Maintain a | aboratory log of all calibrations.

3.1.6.1 Sanpling Train Calibration. Calibrate the sanpling train
conponents according to the indicated sections of nmethod 5: Probe Nozzle
(section 5.1); Pitot Tube (section 5.2); Metering System (section 5.3); Probe
Heater (section 5.4); Tenperature Gauges (section 5.5); Leak-Check of the
Metering System (section 5.6); and Baroneter (section 5.7).

3.1.6.2 Inductively Coupled Argon Plasma Spectrometer Calibration
Prepare standards as outlined in section 3.1.4.4. Profile and calibrate the
i nstrument according to the instrument manufacturer's recommended procedures
using the above standards. The instrument calibration should be checked once
per hour. If the instrunent does not reproduce the concentrations of the
standard within 10 percent, the conplete calibration procedures should be
per f or med.

3.1.6.3 Atomic Absorption Spectroneter-Direct Aspiration, G aphite
Furnace and Col d Vapor Mercury Anal yses. Prepare the standards as outlined in
section 3.1.4.4. Calibrate the spectrometer using these prepared standards.
Calibration procedures are also outlined in the EPA nmethods referred to in
Table 3.1-2 and in SW846 Method 7470 or Standard Methods for Water and
Wast ewat er, 15th Edition, nethod 303F (for mercury). Each standard curve
should be run in duplicate and the nean val ues used to cal culate the
calibration line. The instrunent should be recalibrated approxi mately once
every 10 to 12 sanples.

3.1.7 Quality Contro

3.1.7.1 Sanpling. Field Reagent Bl anks. \WWen anal yzed, the bl ank sanpl es
in Container Nunbers 7 through 12 produced previously in sections 3.1.5.2.7
through 3.1.5.2.12, respectively, shall be processed, digested, and anal yzed
as follows: Digest and process one of the filters from Contai ner No. 12 per
section 3.1.5.3.1, 100 ml from Contai ner No. 7 per section 3.1.5.3.2, and 100
m from Contai ner No. 8A per section 3.1.5.3.3. This produces Fraction Bl ank
1A and Fraction Blank 1B from Fraction Blank 1. (If desired, the other two
filters may be digested separately according to section 3.1.5.3.1, diluted
separately to 300 ml each, and anal yzed separately to produce a bl ank val ue
for each of the two additional filters. If these analyses are performed, they
will produce two additional values for each of Fraction Blank 1A and Fraction
Bl ank 1B. The three Fraction Blank 1A values will be calculated as three
val ues of M, in Equation 3 of section 3.1.8.4.3, and then the three val ues
shall be totalled and divided by 3 to becone the value M,, to be used in the
conputation of M by Equation 3. Simlarly, the three Fraction Blank 1B val ues
will be calcul ated separately as three values, totalled, averaged, and used as
the value for Hg, in Equation 8 of section 3.1.8.5.3. The anal yses of the two
extra filters are optional and are not a requirement of this method, but if
t he anal yses are perfornmed, the results nust be considered as described
above.) Conbine 100 mM of Container No. 8A with 200 ml of the contents of
Contai ner No. 9 and di gest and process the resultant volune per section
3.1.5.3.4. This produces concentrated Fraction Bl ank 2A and Fraction Bl ank 2B
fromFraction Blank 2. A 100-m portion of Container No. 8A is Fraction Bl ank
3A. Conbine 100 m of the contents of Container No. 10 with 33 nl of the



contents of Container No. 8B. This produces Fraction Blank 3B (use 400 m as
the volume of Fraction Blank 3B when cal cul ating the bl ank value. Use the
actual volumes when cal culating all the other blank values). Dilute 225 m of
the contents of Container No. 11 to 500 Ml with water. This produces Fraction
Bl ank 3C. Analyze Fraction Blank 1A and Fraction Bl ank 2A per section
3.1.5.4.1 and/or 3.1.5.4.2. Analyze Fraction Blank 1B, Fraction Blank 2B, and
Fraction Bl anks 3A, 3B, and 3C per section 3.1.5.4.3. The analysis of Fraction
Bl ank 1A produces the front-half reagent blank correction values for the
nmetal s except mercury; the analysis of Fraction Blank 1B produces the front-
hal f reagent blank correction value for mercury. The analysis of concentrated
Fraction Bl ank 2A produces the back-hal f reagent blank correction val ues for
the netal s except mercury, while separate anal ysis of Fraction Bl anks 2B, 3A,
3B, and 3C produce the back-half reagent blank correction value for mercury.

3.1.7.2 An attenpt may be made to determine if the |aboratory reagents
used in section 3.1.5.3 caused contam nation. They shoul d be anal yzed by the
procedures in section 3.1.5.4. The Admi nistrator will determ ne whether the
| aboratory bl ank reagent values can be used in the cal culation of the
stationary source test results.

3.1.7.3 Quality Control Sanmples. The follow ng quality control sanples
shoul d be anal yzed.

3.1.7.3.1 I CAP Analysis. Follow the quality control shown in section 8
of method 6010. For the purposes of a three-run test series, these
requi rements have been nodified to include the follow ng: Two instrument check
standard runs, two calibration blank runs, one interference check sanple at
t he begi nning of the analysis (nmust be within 25% or anal yze by the method of
standard additions), one quality control sanple to check the accuracy of the
calibration standards (nust be within 25% of calibration), and one duplicate
anal ysis (nmust be within 10% of average or repeat all anal yses).

3.1.7.3.2 Direct Aspiration and/or G aphite Furnace AAS Analysis for
antinony, arsenic, barium beryllium cadnm um copper, chronmium |ead, nickel
manganese, mercury, phosphorus, selenium silver, thallium and zinc. Al
sampl es shoul d be anal yzed in duplicate. Performa matrix spike on at |east
one front-half sanple and one back-half sanple or one conbined sample. If
recoveries of |less than 75 percent or greater than 125 percent are obtai ned
for the matrix spi ke, analyze each sanple by the nmethod of standard additions.
A quality control sanple should be analyzed to check the accuracy of the
cal i brati on standards. The results nust be within 10% or the calibration
repeat ed.

3.1.7.3.3 Cold Vapor AAS Analysis for Mercury. Al sanples should be
anal yzed in duplicate. A quality control sanple should be analyzed to check
the accuracy of the calibration standards (within 15% or repeat calibration).
Performa matri x spi ke on one sanple fromthe nitric inpinger portion (nust be
within 25% or sanpl es must be anal yzed by the nmet hod of standard additions).
Addi tional information on quality control can be obtained from EPA SW 846
met hod 7470 or in Standard Methods for the Exami nation of Water and
Wast ewat er, 15th Edition, method 303F

3.1.8 Cal cul ati ons

3.1.8.1 Dry Gas Volume. Using the data fromthis test, calculate Vg,
the dry gas sanple volunme at standard conditions as outlined in Section 6.3 of
Met hod 5.

3.1.8.2 Volune of Water Vapor and Moisture Content. Using the data
obtained fromthis test, calculate the volune of water vapor V.4 and the
noi sture content B, of the stack gas. Use Equations 5-2 and 5-3 of Method 5.



3.1.8.3 Stack Gas Velocity. Using the data fromthis test and Equation
2-9 of Method 2, calculate the average stack gas velocity.

3.1.8.4 Metals (Except Mercury) in Source Sanple.

3.1.8.4.1 Fraction 1A, Front Half, Metals (except Hg). Calcul ate
separately the ambunt of each netal collected in Fraction 1 of the sanpling
train using the follow ng equation:

Mn = Cu Fg Vsoin: Eq. 1

" If Fractions 1A and 2A are conbined, proportional aliquots must be
used. Appropriate changes nust be made in Equations 1-3 to reflect this
approach

wher e:

M, = total mass of each netal (except Hg) collected in the front half
of the sanpling train (Fraction 1), pug.

C, = concentration of netal in sanple Fraction 1A as read fromthe
standard curve (pg/m).

Fy = dilution factor (Fy = the inverse of the fractional portion of the
concentrated sanple in the solution actually used in the
instrument to produce the reading C,. For exanple, when 2 nl of
Fraction 1A are diluted to 10 M, F, = 5

Veorn1 = total volume of digested sanple solution (Fraction 1), m.

3.1.8.4.2 Fraction 2A, Back Hal f, Metals (except Hg). Calcul ate
separately the ambunt of each netal collected in Fraction 2 of the sanpling
train using the follow ng equation:

NLh = CaZFaVa Eq 2*

wher e:

M, = total mass of each metal (except Hg) collected in the back half of the
sampling train (Fraction 2), ug.

C, = concentration of netal in sanple concentrated Fraction 2A, as read from
the standard curve (pg/m).

F, = aliquot factor, volune of Fraction 2 divided by volunme of aliquot
Fraction 2A (see section 3.1.5.3.4).

V, = total volune of digested sanple solution (concentrated Fraction 2A), m

(see section 3.1.5.3.4.1 or 3.1.5.3.4.2, as applicable).

3.1.8.4.3 Total Train, Metals (except Hg). Calculate the total anount of
each of the quantified netals collected in the sanpling train as foll ows:

M = (Mn = Mu) + (M - M) Eq. 3

wher e:

M = total mass of each netal (separately stated for each netal)
collected in the sanpling train, pug.

M = bl ank correction value for mass of netal detected in front-half
field reagent blank, pug.

Mu, = bl ank correction value for mass of netal detected in back-half

field reagent blank, pug.

Note: |If the neasured bl ank value for the front half (m,,) is in the
range 0.0 to A pg (where A pg equals the value deternmined by multiplying 1.4
Mg per square inch (1.4 pg/in? times the actual area in square inches (in?



of the filter used in the em ssion sanple) m,, may be used to correct the
em ssion sanple value (m,); if m,, exceeds A pg, the greater of the two
following values (either |I. or Il.) may be used:

I. A pg, or

I1. the |l esser of (a) m,, or (b) 5 percent of m,.

I f the nmeasured bl ank value for the back half (m,,) is in the range of
0.0 to 1 pg, my, My be used to correct the em ssion sanple value (m,); if my,
exceeds 1 pg, the greater of the two follow ng values nay be used: 1 pg or 5
percent of m,.

3.1.8.5 Mercury in Source Sanpl e.

3.1.8.5.1 Fraction 1B, Front Half, Hg. Calcul ate the anount of mercury

collected in the front half, Fraction 1, of the sanpling train using the
foll owi ng equati on:

G

HY¢ = - X Vsoin, 1 Eq. 4
Vle

wher e:

Hoew = total mass of nercury collected in the front half of the sanpling
train (Fraction 1), ug.

Q. = quantity of nercury in analyzed sanple, ug.

Veorn1 = total volunme of digested sanple solution (Fraction 1), m.

Vg = vol ume of Fraction 1B analyzed, m.

See the follow ng notice.

Note: Vi3 is the actual amount of Fraction 1B anal yzed. For example, if
1 mM of Fraction IB were diluted to 100 ml to bring it into the proper
anal ytical range, and 1 m of the 100-m dilution were anal yzed, V;;; would be
0.01 ni.

3.1.8.5.2 Fraction 2B and Fractions 3A, 3B, and 3C, Back Hal f, Hg.
Cal cul ate the anpbunt of mercury collected in Fractions 2 using Equation 5 and
in Fractions 3A, 3B, and 3C using Equation 6. Calculate the total amount of
mercury collected in the back half of the sanpling train using Equation 7.

QJhZ

Hipre = - X Vsoln, 2 Egq. 5
Vf2B

wher e:

Hgpn, = total mass of nercury collected in Fraction 2, ug.

Qn = quantity of nercury in analyzed sanple, ug.

Veoin2 = total volunme of Fraction 2, nl.

Vi = vol une of Fraction 2B analyzed, m (see the follow ng note).

Note: Vi,z i s the actual amount of Fraction 2B anal yzed. For example, if
1 mM of Fraction 2B were diluted to 10 ml to bring it into the proper
anal ytical range, and 5 m of the 10-m dilution was anal yzed, V;,; would be
0. 5.



Use Equation 6 to cal cul ate separately the back-half mercury for
Fractions 3A, then 3B, then 3C

QJhS(A,B,C)

Hgbh3(A, B, O = X Vsol n, 3(A B, O EQ- 6
Visaeo

wher e:

HOphsas g = total mass of mercury collected separately in Fraction 3A, 3B, or

3C, ug.

Qnyasg = quantity of nercury in separately anal yzed sanples, ug.

Visaso = vol une of Fraction 3A, 3B, or 3C analyzed, ml (see Note in
sections 3.1.8.5.1 and 3.1.8.5.2, and calculate simlarly).

Vsoinsasg = total volume of Fraction 3A, 3B, or 3C, m.

Hgbh = Hgth + Hgbh3A + HgthB + Hgbh3C Eq 7

wher e:

HIun = total mass of nercury collected in the back half of the sanpling

train, pg.

3.1.8.5.3 Total Train Mercury Catch. Calculate the total anmount of
mercury collected in the sanpling train using Equation 8.

Hg, = (Hgin - HYimp) + (Hdon - HYpns) Eq. 8

wher e:

Hg, = total mass of nercury collected in the sanmpling train, pug.

HOtpy = bl ank correction value for mass of mercury detected in front-half
field reagent blank, pug.

HOfpy = bl ank correction value for mass of mercury detected in back-half

field reagent blanks, pg.

Note: If the total of the neasured bl ank values (Hgs, + Hgdpw) IS in the
range of 0 to 6 pg, then the total may be used to correct the enission sanple
value (Hg¢, + Hg,,); if it exceeds 6 pg, the greater of the following two
val ues may be used; 6 pg or 5 percent of the enission sanple value (Hg, +

Hgn) -

3.1.8.6 Metal Concentration of Stack Gas. Cal cul ate each netal
separately for the cadmium total chrom um arsenic, nickel, nanganese,
beryllium copper, |ead, phosphorus, thallium silver, barium zinc, selenium
antinony, and mercury concentrations in the stack gas (dry basis, adjusted to
standard conditions) as foll ows:

C = KM/ Vysig) Eq. 9

wher e:

C = concentration of each netal in the stack gas, ng/dscm

K, = 10-3ng/ ug.

M = total mass of each netal collected in the sampling train, ug;

(substitute Hg, for M for the mercury cal cul ation).
Vigstay = vol une of gas sanple as neasured by the dry gas neter, corrected
to dry standard conditions, dscm



3.1.8.7 Isokinetic Variation and Acceptable Results. Same as method 5,
sections 6.11 and 6.12, respectively.

3.1.9 Bibliography

3.1.9.1 WMethod 303F in Standard Met hods for the Exanmi nation of Water
and Wastewater, 15th Edition, 1980. Available fromthe American Public Health
Associ ation. 1015 18th Street NW, Washi ngton, DC 20036.

3.1.9.2 EPA Met hods 6010, 7000, 7041, 7060, 7131, 7421. 7470, 7740. and
7841. Test Methods for Evaluating Solid Waste: Physical/Chenical Methods SW
846, Third Edition. Septenber 1988. O fice of Solid Waste and Energency
Response, U.S. Environnmental Protection Agency, Wshington, DC 20460.

3.1.9.3 EPA Method 200.7, Code of Federal Regulations, title 40, part
136, appendix C. July 1, 1987.

3.1.9.4 EPA Methods 1 through 5, and 12 Code of Federal Regul ations,
title 40, part 60, appendix A, July 1, 1987.

3.2 Determ nation of Hexaval ent Chroni um Eni ssions from Stati onary Sources
(Met hod Cr*9)

3.2.1 Applicability and Principle

3.2.1.1 Applicability. This nethod applies to the deternination of
hexaval ent chrom um (Cr*®) em ssions from hazardous waste incinerators.
muni ci pal waste conbustors, sewage sludge incinerators, and boilers and
i ndustrial furnaces. Wth the approval of the Administrator, this method may
al so be used to neasure total chromium The sanpling train, constructed of
Tefl on conponents, has only been evaluated at tenperatures |ess than 300 °F
Trains constructed of other materials, for testing at higher tenperatures, are
currently being eval uated.

3.2.1.2 Principle. For incinerators and conbustors, the Cr*® em ssions
are collected isokinetically fromthe source. To elim nate the possibility of
Cr*® reduction between the nozzle and inpinger, the em ssion sanples are
collected with a recirculatory train where the inpinger reagent is
continuously recirculated to the nozzle. Recovery procedures include a post-
sampling purge and filtration. The inpinger train sanples are analyzed for
Cr*® by an ion chronat ograph equi pped with a post-colum reactor and a visible
wavel ength detector. The | C/PCR separates the Cr*® as chromate (CrO*%) from
ot her conmponents in the sanple matrices that may interfere with the Cr*-
speci fic di phenyl carbazi de reaction that occurs in the post-columm reactor. To
i ncrease sensitivity for trace levels of chromium a preconcentration system
is also used in conjunction with the |1 PCR

3.2.2 Range, Sensitivity, Precision, and Interference

3.2.2.1 Range. Enploying a preconcentration procedure, the lower limt
of the detection range can be extended to 16 nanograns per dry standard cubic
meter (ng/dscn) with a 3 dscm gas sanple (0.1 ppb in solution). Wth sample
dilution, there is no upper limt.

3.2.2.2 Sensitivity. A mnimmdetection [imt of 8 ng/dscmwith a 3
dscm gas sanpl e can be achi eved by preconcentration (0.05 ppb in solution).

3.2.2.3 Precision. The precision of the |G PCR with sanple
preconcentration is 5 to 10 percent. The overall precision for sewage sl udge
incinerators emtting 120 ng/dscm of Cr*® and 3.5 pg/dscm of total chromumis



25% and 9% for Cr*® and total chrom um respectively; for hazardous waste
incinerators emtting 300 ng/dscmof Cr*® it is 20 percent.

3.2.2.4 Interference. Conponents in the sanmple matrix may cause Cr*® to
convert to trivalent chromum (Cr*®) or cause Cr*® to convert to Cr*® A post-
sampling nitrogen purge and sanple filtration are included to elimnate many
of these interferences. The chromatographic separation of Cr* using ion
chromat ogr aphy reduces the potential for other nmetals to interfere with the
post-col um reaction. For the | PCR analysis, only conpounds that coelute
with Cr*® and affect the diphenyl carbazide reaction will cause interference
Peri odi ¢ anal ysis of deionized (D) water blanks is used to denonstrate that
the anal ytical systemis essentially free fromcontam nation. Sanple cross-
contam nation that can occur when high-1level and | ow|evel sanples or
standards are anal yzed alternately is elimnated by thorough purgi ng of the
sampl e |1 oop. Purging can easily be achieved by increasing the injection volune
of the sanples to ten tinmes the size of the sanple |oop

3. 2.3 Apparatus

3.2.3.1 Sanpling Train. Schematics of the recircul ating sanpling trains
enployed in this nethod are shown in Figures 3.2-1 and 3.2-2. The
recirculatory train is readily assenbled fromcomercially avail abl e
conponents. All portions of the train in contact with the sanple are either
gl ass, quartz, Tygon, or Teflon, and are to be cl eaned as per subsection
3.2.5.1. 1.

The netering systemis identical to that specified by Method 5 (see
section 3.8.1); the sanpling train consists of the foll owi ng conponents:

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

3.2.3.1.1 Probe Nozzle. G ass or Teflon with a sharp, tapered |eading
edge. The angl e of taper shall be <30° and the taper shall be on the outside
to preserve a constant internal dianeter. The probe nozzle shall be of the
butt on- hook or el bow design, unless otherw se specified by the Adm nistrator

A range of nozzle sizes suitable for isokinetic sanpling should be
avail able, e.g., 0.32 to 1.27 cm( 1/8 to 1/2 in) (or larger if higher volunme
sampl e trains are used) inside dianmeter (1D) nozzles in increnents of 0.16 cm
( 1/16 in). Each nozzle shall be calibrated according to the procedures
outlined in section 3.2.6.

3.2.3.1.2 Tefl on Aspirator or Punp/ Sprayer Assenbly. Teflon aspirator
capabl e of recircul ati ng absorbing reagent at 50 m/mn while operating at
0.75 cfm Alternatively, a punp/sprayer assenbly may be used instead of the
Teflon aspirator. A Teflon union-T is connected behind the nozzle to provide
t he absorbing reagent/sanple gas mx; a peristaltic punp is used to
recircul ate the absorbing reagent at a flowrate of at |least 50 mM/mn. Teflon
fittings, Teflon ferrules. and Teflon nuts are used to connect a glass or
Tefl on nozzle. recirculating line. and sanple line to the Teflon aspirator or
uni on-T. Tygon, C-flex™ or other suitable inert tubing for use with
peristaltic punp.

" Note: Mention of trade nanes or specific product does not constitute
endor senent by the Environmental Protection Agency.

3.2.3.1.3 Tefl on Sanple Line. Teflon, 3/8" outside dianmeter (OD) and
1/4" inside dianeter (ID), or 1/2" ODx 3/8" ID, of suitable length to
connect aspirator (or T-union) to first Teflon inpinger.



3.2.3.1.4 Teflon Recirculation Line. Teflon, 1/4" OD. and 1/8" |.D.
of suitable length to connect first inpinger to aspirator (or T-union).

3.2.3.1.5 Tefl on Inpingers. Four Teflon Inpingers; Teflon tubes and
fittings, such as made by Savillex™ can be used to construct inmpingers 2"
di ameter by 12" long, with vacuumtight 3/8" O D. Teflon conpression fittings.
Al ternatively, standard glass inpingers that have been Teflon-lined, with
Teflon stenms and U-tubes, may be used. Inlet fittings on inpinger top to be
bored through to accept 3/8" O D. tubing as inpinger stem The second and
third 3/8" OD Teflon stemhas a 1/4" OD Teflon tube, 2" long. inserted at
its end to duplicate the effects of the Greenburg-Smith inpinger stem The
first inpinger stemshould extend 2" frominpinger bottom high enough in the
i mpi nger reagent to prevent air fromentering recirculating |ine; the second
and third inpinger stems should extent to 1/2" frominpinger bottom The
first inmpinger should include a 1/4" O D. Teflon conpression fitting for
recirculation line. The fourth inpinger serves as a knockout i npinger.

3.2.3.1.6 Gass Inpinger. Silica gel inpinger. Vacuumtight inpingers,
capabl e of containing 400 g of silica gel, with conpatible fittings. The
silica gel inmpinger will have a nodified stem ( 1/2" ID at tip of sten).

3.2.3.1.7 Thernmoneter, (identical to that specified by Method 5) at the
outlet of the silica gel inpinger, to nonitor the exit tenperature of the gas.

3.2.3.1.8 Metering System Baroneter, and Gas Density Determ nations
Equi pnrent. Sane as nmethod 5, sections 2.1.8 through 2.1.10, respectively.

3.2.3.2 Sanpl e Recovery. Clean all itens for sanmple handling or storage
with 10%nitric acid solution by soaking, where possible, and rinse thoroughly
with DI water before use.

3.2.3.2.1 Nitrogen Purge Line. Inert tubing and fittings capabl e of
delivering 0 to 1 scf/mn (continuously adjustable) of nitrogen gas to the
i mpi nger train froma standard gas cylinder (see Figure 3.2.3). Standard 3/8-
inch Tefl on tubing and conpression fittings in conjunction with an adjustable
pressure regul ator and needl e val ve may be used.

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

3.2.3.2.2 Wash bottles. Two pol yet hyl ene wash bottles, for D water and
nitric rinse solution.

3.2.3.2.3 Sanpl e Storage Containers. Polyethylene, with | eak-free screw
cap, 500-m or 1000-m .

3.2.3.2.4 1000-m Graduated Cyli nder

3.2.3.2.5 Plastic Storage Containers. Air tight containers to store
silica gel

3.2.3.2.6 Funnel and Rubber Policeman. To aid in transfer of silica ge
frominpinger to storage container; not necessary if silica gel is weighed
directly in the inpinger.

3.2.3.2.7 Bal ance.

3.2.3.3 Sanpl e Preparation for Analysis. Sanple preparation prior to
anal ysis includes purging the sanple train imrediately follow ng the sanple
run. and filtering the recovered sanple to renpove particulate matter
i medi ately follow ng recovery.



3.2.3.3.1 Beakers, Funnels, Volunmetric Flasks, Volunetric Pipets, and
Graduated Cylinders. Assorted sizes, Teflon or glass, for preparation of
sampl es, sanple dilution, and preparation of calibration standards. Prepare
initially followi ng procedure described in section 3.2.5.1.3 and rinse between
use with 0.1 N HNO, and DI water.

3.2.3.3.2 Filtration Apparatus. Teflon, or equivalent, for filtering
sampl es, and Teflon filter holder. Teflon inpinger conponents have been found
to be satisfactory as a sanple reservoir for pressure filtration using
ni trogen.

3.2.3.4 Anal ysis.

3.2.3.4.1 1 CJPCR System Hi gh performance |iquid chromatograph punp,
sampl e injection valve, post-columm reagent delivery and mi xing system and a
visi bl e detector, capable of operating at 520 nm all with a non-netallic (or
inert) flow path. An electronic recording integrator operating in the peak
area node is recomended, but other recording devices and integration
techni ques are acceptable provided the repeatability criteria and the
linearity criteria for the calibration curve described in section 3.2.5.5 can
be satisfied. A sanple |oading systemwill be required if preconcentration is

enpl oyed.

3.2.3.4.2 Analytical Colum. A high performance ion chromatograph (HPIC)
non-metallic colum with ani on separation characteristics and a high | oading
capacity designed for separation of netal chelating conpounds to prevent netal
interference. Resolution described in section 3.2.5.4 nust be obtained. A non-
metallic guard colum with the sanme ion-exchange material is reconmended.

3.2.3.4.3 Preconcentration Colum. An HPIC non-netallic colum with
acceptabl e anion retention characteristics and sanple |oading rates as
described in section 3.2.5.5.

3.2.3.4.4 0.45 umfilter cartridge. For the renoval of insoluble
material. To be used just prior to sanple injection/analysis.

3.2.4 Reagents

Al'l reagents should, at a mnimm conformto the specifications
established by the Conmittee on Anal ytical Reagents of the American Chenica
Soci ety, where such specifications are available. Al prepared reagents shoul d
be checked by | C/PCR analysis for Cr*® to ensure that contamination is bel ow
the anal ytical detection Iimt for direct injection or, if selected,
preconcentration. If total chromumis also to be deternined, the reagents
shoul d al so be checked by the analytical technique selected to ensure that
contam nation is below the analytical detection limt.

3.2.4.1 Sanpling.

3.2.4.1.1 Water. Deionized water. It is recomended that water bl anks be
checked prior to preparing sanpling reagents to ensure that the Cr*® content
is less than the analytical detection limt.

3.2.4.1.2 Potassium Hydroxide, 0.1 N. Add 5.6 gmof KOH(s) to
approximately 900 m of DI water and let dissolve. Dilute to 1000 m with Dl
wat er .

Note: At sources with high concentrations of acids and/or SO, the
concentrati on of KOH should be increased to 0.5 Nto ensure that the pH of the
solution is above 8.5 after sanpling.



3.2.4.1.3 Silica Gel and Crushed Ice. Sane as Method 5, sections 3.1.2
and 3.1.4, respectively.

3.2.4.2 Sanpl e Recovery. The reagents used in sanple recovery are as
fol |l ows:

3.2.4.2.1 Water. Sane as subsection 3.2.4.1.1.

3.2.4.2.2 Nitric Acid, 0.1 N. Add 6.3 m of concentrated HNO, (70
percent) to a graduated cylinder containing approximately 900 m of D water.
Dilute to 1000 m with D water, and nmix well

3.2.4.2.3 pH Indicator Strip. pH indicator capable of determ ning pH of
solution between the pH range of 7 and 12, at 0.5 pH intervals.

3.2.4.3 Sanpl e Preparation
3.2.4.3.1 Water. Sane as subsection 3.2.4.1.1.
3.2.4.3.2 Nitric Acid, 0.1 N. Sane as subsection 3.2.4.2.2.

3.2.4.3.3 Filters. Acetate menbrane, or equivalent, filters with 0.45
m croneter or snaller pore size to renmove insoluble nmaterial .

3.2.4.4 Anal ysis.

3.2.4.4.1 Chromat ographic Eluent. The eluent used in the analytica
systemis ammoni um sul fate based. It is prepared by adding 6.5 m of 29
percent ammoni um hydroxi de (NH,OH) and 33 grans of anmmoni um sul fate ((NH,) ,SO,)
to 500 m of DI water. The mixture should then be diluted to 1 liter with D
wat er and m xed well. Other conbinations of eluents and/or colums may be
enpl oyed provi ded peak resol ution, as described in section 3.2.5.4,
repeatability and linearity, as described in section 3.2.6.2, and anal ytica
sensitivity are acceptable.

3.2.4.4.2 Post-Colum Reagent. An effective post-colum reagent for use
with the chromatographi c eluent described in section 3.2.4.4.1is a
di phenyl car bazi de (DPC) based system Dissolve 0.5 g of 1.5-di phenyl carbazi de
(DPC) in 100 m of ACS grade methanol. Add to 500 ml of degassed DI water
containing 50 mM of 96 percent spectrophotonetric grade sulfuric acid. Dilute
to 1 liter with degassed DI water.

3.2.4.4.3 Cr*® Calibration Standard. Prepare Cr*® standards from
pot assi um di chromate (K,Cr,0, FW294.19). To prepare a 1000 pg/m Cr+* stock
solution, dissolve 2.829 g of dry K,Cr,0 in 1 liter of DI water. To prepare
wor ki ng standards, dilute the stock solution to the chosen standard
concentrations for instrument calibration with 0.05 N KOH to achieve a matrix
simlar to the actual field sanples.

3.2.4.4.4 Performance Audit Sanple. A performance audit sanple shall be
obtained fromthe Quality Assurance Division of EPA and anal yzed with the
field samples. The mailing address to request audit sanples is: U S.
Envi ronnmental Protection Agency, Atnospheric Research and Exposure Assessnent
Laboratory, Quality Assurance Division, Source Branch. Miil Drop 77-A,
Research Triangle Park, North Carolina 27711

The audit sanple should be prepared in a suitable sanple matrix at a
concentration simlar to the actual field sanples.

3.2.5 Procedure



Safety First-Wear Safety G asses at All Tinmes During This Test Method

3.2.5.1 Sanpling. The conplexity of this nethod is such that to obtain
reliable results, testers should be trained and experienced with test
procedures.

3.2.5.1.1 Pretest Preparation. Al conponents shall be maintained and
calibrated according to the procedures described in APTD 0576, unless
ot herwi se specified herein.

Rinse all sanple train components fromthe glass nozzle up to the silica
gel inmpinger and sanple containers with hot tap water followed by washing with
hot soapy water. Next, rinse the train conponents and sanple containers three
times with tap water followed by three rinses with DI water. Al the
conponents and contai ners should then be soaked overnight, or a m ni mum of 4
hours, in a 10 percent (v/v) nitric acid solution, then rinsed three tines
with DI water. Allow the conponents to air dry prior to covering all openings
with Parafilm or equivalent.

3.2.5.1.2 Prelinmnary Determ nations. Same as nethod 5, section 4.1.2.

3.2.5.1.3 Preparation of Sanpling Train. Measure 300 m of 0.1 N KCOH
into a graduated cylinder (or tare-weighed precl eaned pol yet hyl ene contai ner).
Pl ace approximately 150 m of the 0.1 N KOH reagent in the first Teflon
i mpinger. Split the rest of the 0.1 N KOH between the second and third Tefl on
i mpi ngers. The next Teflon inpinger is left dry. Place a preweighed 200-to
400-g portion of indicating silica gel in the final glass inpinger. (For
sampling periods in excess of two hours, or for high noisture sites. 400-g of
silica gel is recomended.)

Ret ai n reagent bl anks of the 0.1 N KOH equal to the volunmes used with
the field sanples.

3.2.5.1.4 Leak-Check Procedures. Follow the | eak-check procedures given
in Method 5, section 4.1.4.1 (Pretest Leak-Check), Section 4.1.4.2 (Leak-
Checks During the Sanple Run), and Section 4.1.4.3 (Post-Test Leak-Checks).

3.2.5.1.5 Sanpling Train Operation. Follow the procedures given in
met hod 5, section 4.1.5. The sanpling train should be iced down with water and
ice to ensure heat transfer with the Tefl on i npingers.

Note: If the gas to be sanpled is above 200 °F, it may be necessary to
wrap three or four feet of the Teflon sanple and recirculating |lines inside
the ice bath to keep the recircul ated reagent cool enough so it does not turn
to steam

For each run, record the data required on a data sheet such as the one
shown in Figure 5.2 of nethod 5.

At the end of the sanpling run, determ ne the pH of the reagent in the
first inpinger using a pH indicator strip. The pH of the solution shall be
greater than 8.5.

3.2.5.1.6 Calculation of Percent |sokinetic. Sane as nethod 5, section
4.1.6.

3.2.5.2 Post-Test Nitrogen Purge. The nitrogen purge is used as a
saf equard agai nst the conversion of hexaval ent chromiumto the trival ent
oxi dation state. The purge is effective in the renmoval of SO fromthe
i mpi nger contents.



Attach the nitrogen purge line to the input of the inpinger train. Check
to ensure the output of the inmpinger train is open, and that the recirculating
line is capped off. Open the nitrogen gas flow slowy and adjust the delivery
rate to 10 L/nmin. Check the recirculating line to ensure that the pressure is
not forcing the inmpinger reagent out through this Iine. Continue the purge
under these conditions for one-half hour, periodically checking the flow rate.

3.2.5.3 Sanpl e Recovery. Begin cleanup procedures as soon as the train
assenbly has been purged at the end of the sanpling run. The probe assenbly
may be di sconnected fromthe sanple train prior to sanple purging.

The probe assenbly should be allowed to cool prior to sanple recovery.
Di sconnect the unbilical cord fromthe sanple train. Wen the probe assenbly
can be safely handl ed, wipe off all external particulate matter near the tip
of the nozzle, and cap the nozzle prior to transporting the sanple train to a
cl eanup area that is clean and protected fromthe wind and other potentia
causes of contanination or |loss of sanple. Inspect the train before and during
di sassenbly and note any abnormal conditions.

3.2.5.3.1 Container No. 1 (Inpingers 1 through 3). Disconnect the first
i mpi nger fromthe second inpinger and disconnect the recirculation line from
the aspirator or peristaltic punp. Drain the Teflon inpingers into a
precl eaned graduated cylinder or tare-wei ghed precl eaned pol yet hyl ene sanpl e
contai ner and measure the volune of the liquid to within 1 m or 1 g. Record
the volume of liquid present as this information is required to calculate the
noi sture content of the flue gas sanple. If necessary, transfer the sanple
fromthe graduated cylinder to a precl eaned pol yethyl ene sanpl e cont ai ner
Wth DI water, rinse four tinmes the insides of the glass nozzle, the
aspirator, the sanple and recirculation lines, the inpingers, and the
connecting tubing, and conbine the rinses with the inpinger solution in the
sampl e cont ai ner.

3.2.5.3.2 Container No. 2 (HNG, rinse optional for total chromun). Wth
0.1 NHNO, rinse three tinmes the entire train assenbly, fromthe nozzle to
the fourth inpinger and conmbine the rinses into a separate precl eaned
pol yet hyl ene sanpl e contai ner for possible total chrom um anal ysis. Repeat the
rinse procedure a final tine with DI water, and discard the water rinses. Mark
the height of the fluid | evel on the container or, alternatively if a bal ance
is available, weigh the container and record the weight to permt
determ nati on of any | eakage during transport. Label the container clearly to
identify its contents.

3.2.5.3.3 Container No. 3 (Silica Gel). Note the color of the indicating
silica gel to determine if it has been conpletely spent. Quantitatively
transfer the silica gel fromits inmpinger to the original container, and sea
the container. A funnel and a rubber policenman may be used to aid in the
transfer. The small anmount of particulate that may adhere to the inpinger wall
need not be renoved. Do not use water or other liquids to transfer the silica
gel. Alternatively, if a balance is available in the field, record the wei ght
of the spent silica gel (or the silica gel plus inpinger) to the nearest 0.5

g.

3.2.5.3.4 Container No. 4 (0.1 N KOH Bl ank). Once during each field
test, place a volunme of reagent equal to the volume placed in the sanple train
into a precl eaned pol yet hyl ene sanpl e contai ner, and seal the container. Mrk
the height of the fluid | evel on the container or, alternatively if a bal ance
is available, weigh the container and record the weight to permt
determ nati on of any | eakage during transport. Label the container clearly to
identify its contents.



3.2.5.3.5 Container No. 5 (D Water Blank). Once during each field test,
pl ace a volume of DI water equal to the volune enployed to rinse the sanmple
train into a precl eaned pol yet hyl ene sanpl e contai ner, and seal the container
Mark the height of the fluid | evel on the container or, alternatively if a
bal ance is avail able, weigh the container and record the weight to permt
determ nati on of any | eakage during transport. Label the container clearly to
identify its contents.

3.2.5.3.6 Container No. 6 (0.1 N HNO, Bl ank). Once during each field
test if total chromumis to be determ ned, place a volune of 0.1 N HNO,
reagent equal to the volume enployed to rinse the sanple train into a pre-
cl eaned pol yethyl ene sanpl e container, and seal the container. Mark the height
of the fluid I evel on the container or, alternatively if a balance is
avai |l abl e, wei gh the container and record the weight to permt determ nation
of any | eakage during transport. Label the container clearly to identify its
contents.

3.2.5.4 Sanple Preparation. For determ nation of Cr*s, the sanple should
be filtered inmedi ately follow ng recovery to renove any insoluble matter.
Ni trogen gas nay be used as a pressure assist to the filtration process (see
Fi gure Cr+-4).

Filter the entire inpinger sanple through a 0.45-m croneter acetate
filter (or equivalent), and collect the filtrate in a 1000-m graduated
cylinder. Rinse the sanple container with DI water three separate tines, pass
these rinses through the filter, and add the rinses to the sanple filtrate.
Rinse the Teflon reservoir with DI water three separate tinmes, pass these
rinses through the filter, and add the rinses to the sanple. Determnine the
final volune of the filtrate and rinses and return themto the rinsed
pol yet hyl ene sanpl e container. Label the container clearly to identify its
contents. Rinse the Teflon reservoir once with 0.1 N HNG, and once with D
wat er and di scard these rinses.

If total chromumis to be determ ned, quantitatively recover the filter
and residue and place themin a vial. (The acetate filter may be digested with
5 mM of 70 percent nitric acid; this digestion solution my then be diluted
with DI water for total chrom um anal ysis.)

>>>> See the acconpanyi ng hardcopy volume for non-nmachi ne-readabl e data that
appears at this point. <<<<

Note: |If the source has a |arge amount of particulate in the effluent
stream testing teans may wish to filter the sanple twi ce, once through a 2 to
5-microneter filter, and then through the 0.45-micrometer filter

3.2.5 4.1 Container 2 (HNG, rinse, optional for total chromun). This
sampl e shall be analyzed in accordance with the sel ected procedure for tota
chrom um anal ysis. At a mininum the sanple should be subjected to a digestion
procedure sufficient to solubilize all chrom um present.
he

3. .4.2 Container 3 (Silica Gel). Wigh the spent silica gel to
t I

2.5 t

nearest 0.5 g using a bal ance. (This step may be conducted in the field.)

3.2.5.5 Sanpl e analysis. The Cr*f content of the sanple filtrate is

det erm ned by ion chromatography coupled with a post-columm reactor (IC PCR).
To increase sensitivity for trace levels of chromium a preconcentration

systemis also used in conjunction with the 1 PCR

Prior to preconcentration and/or analysis, all field sanples will be
filtered through a 0.45-p filter. This filtration should be conducted just
prior to sanmple injection/analysis.



The preconcentration is acconmplished by selectively retaining the
anal yte on a solid absorbent (as described in 3.2.3.4.3), followed by renoval
of the analyte fromthe absorbent. The sanple is injected into a sanple |oop
of the desired size (repeated |oadings or larger size |oop for greater
sensitivity) and the Cr*® is collected on the resin bed of the colum. When
the injection valve is switched. the eluent displaces the concentrated Cr*®
sample moving it off the preconcentration colum and onto the |IC anion
separation colum. After separation from other sanple conponents, Cr*® fornms a
specific conplex in the post.colum reactor with a di phenyl carbazi de reaction
solution, and the complex is then detected by visible absorbance at a
wavel engt h of 520 nm The amount of absorbance neasured is proportional to the
concentration of the Cr*® conplex forned. The IC retention tine and absorbance
of the Cr*® complex is conpared with known Cr* standards anal yzed under
identical conditions to provide both qualitative and quantitative anal yses.

Prior to sanple analysis, establish a stable baseline with the detector
set at the required attenuation by setting the eluent flowate at
approximately 1 m/mn and post-columm reagent flowate at approximtely 0.5
m /mn.

Note: As long as the ratio of eluent flowate to PCR flowate remains
constant, the standard curve should remain linear. Inject a sanple of D water
to ensure that no Cr*® appears in the water blank.

First, inject the calibration standards prepared, as described in
section 3.2.4.4.4, to cover the appropriate concentration range, starting with
the | owest standard first. Next. inject, in duplicate, the performance audit
sample, followed by the 0.1 N KCOH field blank and the field sanples. Finally,
repeat the injection of the calibration standards to all ow for conpensation of
instrument drift. Measure areas or heights of the Cr*/ DPC conpl ex
chr omat ogr am peak. The response for replicate, consecutive injections of
sampl es must be within 5 percent of the average response, or the injection
shoul d be repeated until the 5 percent criterion can be net. Use the average
response (peak areas or heights) fromthe duplicate injections of calibration
standards to generate a linear calibration curve. Fromthe calibration curve,
determ ne the concentration of the field sanples enpl oying the average
response fromthe duplicate injections.

The results for the analysis of the performance audit sanple nust be
within 10 percent of the reference value for the field sanple analysis to be
val i d.

3.2.6 Calibration. Maintain a witten log of all calibration activities.

3.2.6.1 Sanple Train Calibration. Calibrate the sanple train conmponents
according to the indicated sections of method 5: Probe Nozzle (section 5.1);
Pitot Tube (section 5.2); Mtering System (section 5.3); Tenperature Gauges
(section 5.5); Leak-Check of the Metering System (section 5.6); and Baroneter
(section 5.7).

3.2.6.2 Calibration Curve for the |G PCR Prepare working standards from
the stock solution described in section 3.2.4.4.4 by dilution with a DI water
solution to approximate the field sanple matrix. Prepare at |east four
standards to cover one order of magnitude that bracket the field sanmple
concentrations. Run the standards with the field sanples as described in
section 3.2.5.5. For each standard, determine the peak areas (reconmended) or
t he peak heights, calculate the average response fromthe duplicate
injections, and plot the average response agai nst the Cr*f concentration in
pg/ L. The individual responses for each calibration standard determ ned before
and after field sanple analysis nmust be within 5 percent of the average
response for the analysis to be valid. If the 5 percent criteria is exceeded,



excessive drift and/or instrument degradati on nmay have occurred, and nust be
corrected before further anal yses are perforned.

Enpl oyi ng | i near regression, calculate a predicted value for each
calibration standard with the average response for the duplicate injections.
Each predicted val ue nust be within 7 percent of the actual value for the
calibration curve to be considered acceptable. If not acceptable, remake
and/or rerun the calibration standards. |If the calibration curve is stil
unaccept abl e. reduce the range of the curve.

3.2.7 Calcul ations

3.2.7.1 Dry Gas Volume. Using the data fromthe test, calculate Vg,
the dry gas sanple volunme at standard conditions as outlined in Section 6.3 of
Met hod 5.

3.2.7.2 Volune of Water Vapor and Moisture Content. Using the data from
the test, calculate V.4 and B,, the volume of water vapor and the noisture
content of the stack gas, respectively, using Equations 5-2 and 5-3 of Method
5.

3.2.7.3 Stack Gas Velocity. Using the data fromthe test and Equation 2-
9 of Method 2, calculate the average stack gas velocity.

3.2.7.4 Total pg Cr*s per Sanple. Calculate as described bel ow

m = (S-B) XV, Xd

wher e

m = Mass of Cr*® in the sanple, ug.

S = Concentration of sanple, pg Cr*é/m .

B = Concentration of blank, pg Cr*®/m.
Vi = Volume of sanple after filtration, m.
d = Dilution factor (1 if not diluted).

>>>> End of File FRO4A. This article is continued in File FR94B. <<<<



