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I. PROJECT DESCRIPTION 

1.1. General Overview 

The American Society of Mechanical Engineers’ [ASME] Center for Research and Technology 
DeveIopment [CRTD] has been awarded a subcontract by the National Renewable Energy Labo- 
ratory W L ]  to demonstrate the technical performance and viability of flue gas temperature 
control in combination with dry acid gas reagent and activated carbon injection at an existing 
electrostatic precipitator [ESP] equipped municipal waste combustor [MWC]. The objective of 
this proof-of-concept demonstration test is to economically and reliably meet 40 CFR 60 Subpart 
Cb Emissions Guidelines for M w C ’ s  at existing ESP equipped facilities. 

The effort is being directed by a Subcommittee of the ASME Research Committee on Industrial 
and Municipal Wastes [RCIMW] chaired by Dave Hoecke. blr. Greg Barthold of ASMEICRTD 
is the Project Manager. ASMEKRTD contracted with Rig0 & Rig0 Associates, Inc. in coop- 
eration with A. J. Chandler & Associates, Ltd, to be the Principal Investigator for the project and 
manage the day-to-day aspects of the program, conduct the testing, reduce and interpret the data 
and prepare the report. 

Testing will be conducted at the 2 by 210 TPD, ESP equipped klWC at the Davis County Re- 
source Recovery Facility in Layton, Utah. The test plan calls for duplicate metals (Cd, Pb and 
Hg), dioxin and acid gas runs. The parameters to be tested are delineated in Table 1- 1. 

Nine distinct emissions control conditions (three ESP operating temperatures, three levels of acti- 
vated carbon addition with the high temperature, low activated carbon addition run  replaced by a 
no acid sas reagent, medium temperature condition) will be tested while the balance of the plant is 
operated normally. One condition will be replicated to provide a measure of reproducibility and 
experimental error. 

Plant operations, hrnace conditions and Continuous Emissions Monitoring System [CEMS] data 
(GO, 0 2  and opacity) will be continuousiy recorded. A period of baseline operations will also be 
recorded to establish normai incinerator operating characteristics and enable a demonstration that 
the facility is operating normally during the proof-of-concept demonstration test. 

Each test condition will be established early the night before and testing will commence at dawn 
the next d,ay. The following emissions will be measured at the stack: 

Acid gas (HCI), 

Front-half particulate matter, metals & mercury, 

Dioxins and Furans (PCDD/F--2,3,7,5 substituted isomers plus hornologue totals) 

Combustion gases (CO, NOs, and SOz). 
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The stack test team consists of eight people. Six will take the samples and perform sample recov- 
eries, one will operate the mobile CEM laboratory and another is the field crew leader. QA and 
plant operations observations will be performed by the Principal Investigator who will be available 
to assist the test crew on an as-needed basis. Plant staff wilt take grab samples of ESP residues 
near the end of each condition’s 24-hour run. Combined ash samples will be collected and han- 
dled by plant personnel throughout the proof-of-concept demonstration test whenever residues 
are removed from the site. 

The following M W C  operating conditions will be met to the ,oreatest practical extent during the 
test program: 

For a miniinurn of six hours prior to, and throughout sampling, the tested incinerators 
wilI be set to raise 5 1,400 Ib/hr of 500 psig, 500°F steam while the specified ESP tem- 
perature (nominally 400, 350 or 300 OF) and targeted acid gas reagent (150 Ib/hr of 
Trona or 1 10 Ib/hr of Sodium Bicarbonate--stochiornetric ratio of 1 : I )  and activated 
carbon feed rates (0, 15 and 30 Ib/hr--0, 200 ing/dsm3 and 400 mg/dsrn3 to be con- 
firmed) are being achieved. 

Should operations be disrupted prior to or during the testing, the affected runs will be 
suspended until operations have corrected the problem. 

Aborted tests will be repeated at the end of the scheduled 10-day test program. Pro- 
visions have been made for up to two days of additional testing. Conditions for retest 
will be prioritized to first repeat conditions with the fewest reliable runs. 

This Quality Assurance Project Plan (QAPP) has been written to meet EPA level IV standards, It 
documents: 

project organization and responsibilities, 

quality assurance objectives, 

sampling methodologies, 

analytical methodologies, 

calibration procedures, 

data reduction and validation, and 

internal quality control checks. 
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Table 1-1 Emissions to be measured usingmaniial methods and CEMS. 

D io si 11s 

Fii rn II s 

HCI, C11 

2.3.7,s -TC DD 
1.2,3,7,S-PeCDD 
I .2,3 ,A, 7. S-HsC D D 
I .2.3.6,7.S-HsCDD 
1 J.3 . ~ . S . ~ - H S C D D  
1.2,3,4,6,7.S-HpCDD 
I .2,3.;F.G.7.S,%OCDD 

2.3.7,s-TCDF 
1.2.3.7.3-PcCDF 
2.3,4.7.S-PcCDF 
1.2.3.4,7.S-HsCDF 
1.2.3.7.8.9-HsCDF 
I .~ ,~ .G,~ ,S-HSCDF 
2.3.4,6,7.S-HsCDF 
1,2,3 .-C.G,7.S-HpCD F 
I ,2,3.3.7.S.O-HpCDF 
I .2,3.1,6.7.3.9-OCDF 

Totiit TCDD 
Total PeCDD 

Total HsCDD 
Total HpCDD 

Total TCDF 

Total PeCDF 

Total HsCDF 

Totnl HpCDF 

1.2 Site Selection Criteria 

While there is considerable evidence that reducing ESP operating temperature and adding reason- 
able amounts of acid gas sorbent and activated carbon to incinerator flue %as can theoretically al- 
low existing ESP equipped M W C ' s  to economically meet proposed guidelines, field experience 
has shown that it is difficult to reliably reduce ESP temperatures using evaporative (water spray) 
cooling techniques. The problem is the short distance between typical MWC outlets and ESP in- 
lets. Considerable work has been done on this problem, however, and there is Qood reason to be- 
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lieve that requisite temperatures can be successfully achieved using air or steam atomizers de- 
signed to produce a fine (25 pin Sauter mean diameter) cooling spray. 

Clean Air Act (Section 129) emissions guidelines existing TvlWC’s are expected to be promul- 
gated before October 3 1, 1995. So, time is of the essence if this work is to have an opportunity 
to influence retrofit and closure decisions. 

These considerations lead to the foilowins mandatory site selection requirements: 

0 Close Coupled ESP--this maximizes the likelihood of successfbl technology transfer 

Single Chamber Massburn type incinerator--particulate carry-over may participate in PCDDR 
fo m a t  ion 

9 Dry injection in use by Sept. 15, 1995--to allow stable operation prior to start of testing 

Existing Permits or a Variance that allow this testing--schedule dictates that protracted regu- 
latory negotiations are not possible 

It is preferred that the plant have: 

DCS with PC interface for routine plant data logging 

CEMS for CO, 0 2 ,  NO,, SO,& Opacity 

APCS and combined residue stream access for sampling 

The characteristics of U.S. ESP equipped M W C  facilities were reviewed by the Principal Investi- 
gator. A number of potential sites were identified and the Principal Investigator contacted those 
that appeared to meet the mandatory criteria to discern their interest in hosting this proof-of-con- 
cept demonstration test. 

The Davis County Resource Recovery Facility, Layton, UT, meets the mandatory and preferred 
criteria,, This facility agreed to be the host facility. The selection was presented to and confirmed 
by the project sponsors and the RCIMW Subcommittee. 

1.3 The Davis Coimty Resource Recovery Fiicility 

The Davis County Resource Recovety Facility is a nominal 420 TPD (3 by 210 TPD) MWC that 
uses a back pressure turbine to generate electricity and export steam to neighboring Hill AFB. 
The facility has refractory wall Seghers (rocking grate) hrnaces and Zurn water-wall waste heat 
recovery boilers rated to raise 5 1,344 Ib/hr of SOO’F, 500 psig steam. 

The facility was built with a powdered limestone hrnace injection system that is now being used 
to inject Trona (a natural sodium reasent used for acid gas control and as a cattle feed supple- 
ment) between the boiler outlet and economizer. Particulate emissions are controlled by a three- 
field Environmental EIements Electrostatic Precipitator with a specific collector area of about 600 
R2/1000 acfm. The facility has a Foxboro DCS with DEC MicroVAX data historian. Compliance 



RETROFIT OF WASTE-TO-ENERGY FACILITIES WITH ESP's 
TEST PROTOCOL 

Revision 1 
September 22. 1995 Section 1-5 

monitors include an 0 2  diluent corrected CO CEMS and a Continuous Opacity Monitoring Sys- 
tem [COMS]. A process NOs/SO, inonitor is installed on one M W C .  

Figure 1-1 is a schematic cross-section of the facility. Table 1-2 presents a heat balance for the 
facility when burning 4,500 Btu/lb MSW at MCR [maximum continuous rating] conditions. In 
order to reduce the flue gas temperature to a nominal 300°F, about 9 GPM of water must be at- 
omized between the economizer outlet and ESP inlet. The stochiornetric Trona addition rate 
(based on historic uncontrolled HCI and SO1 concentrations) is I50 Ib/hr. If sodium bicarbonate 
is used instead, the stochiornetric addition rate becomes about 110 Ib/hr. 

1.4 Statement of Progmm Objectives 

The two objectives of this program are: 

+ to determine the actual emissions performance level achievable by a combination of ESP 
inlet temperature control, acid gas reagent injection and activated carbon addition. The 
target is to meet the emissions guideline requirements. 

+ to demonstrate that ESP inlet temperature control can be reliably accomplished during 
the test prograin and the 2 month immediately following including documenting operat- 
ing expenses. 

1.5 Experimentnl Design 

. .- 

. . .  

, .  

. .  

To accomplish the program objectives, a fractional 4 x 3 factorial test plan with one replicated 
test condition was developed. Since the purpose of this test is to demonstrate achievement of 
CAA emission guidelines, the replicate was assigned on engineering grounds to the operating 
configuration most likely to achieve the program objective. 

The order of testing was devetoped by randomizing a 3 x 3 test matrix that excluded the no acid 
gas reasent condition. The high temperature, low activated carbon addition test was assigned to 
the intermediate temperature, no reasent or activated carbon test condition to provide additional 
uncontrolled baseline data. This test condition is designed to determine what effect acid gas rea- 
gent addition alone has on PCDD/F einissions in these facilities. 

This'is an unbalanced experimental design that makes niaxirnum use of the available test runs. 
Data reduction is slightly complicated since traditional fractional factorial designs do not include 
partial replicates and utilize a different pattern. Mathematical tools exist to interpret this data. 
The selected pattern will enable the fitting of a theoretically based predictive equation to the data 
so that interpolation to other conditions can be readily performed. 

. I  
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No AG reagent or AC 
AG reagent only 
AG reagent + low AC 
AG reagent + high AC 

Table 1-3 Test plan matrix showing the day each condition is to be tested. 

ESP OPERATING TEMPERATURE 
Normal Ops Intermediate Minimum 
about 400" F 350" F 300" F 

1 

- 6 - 
2 9 5 
- 8 10 
7 1,3 4 
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Figure 1 - 1 Boiler cross-section for Davis County Incinerator. 
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Table 1-2 Boiler heat balance for Davis County Incinerator (4,500 Btu/lb reference fuel). 

MOOIFIED Juna 1,1992 
OAWS COUNTY CONDITIONS 
Run Dale: 11-S~p95 10:42 AM 

FUEL CHARACTERISTICS 
C. %byweight 
HZ. % byweight 
N2. % by weight 
S. X byweighl 
02. %byweight 
CU, K by weight 
H20, W by weight 
ASH, % by wight 
HHV, Bldb 
Fd. OSCFIMBtu 
Fc, OSCF of COZMBtu 
Fa, Fratio 

SYSTEM CHARACTERISTICS 
Main Steam Flow, lbhr 
S.H. outlet press.. psig 
S.H. outlet lemp.. deg F 
S.H.ovllrt cnthalpy, B M b  
Feechvater press.. psig 
Fe-ler temp.. deg F 
F.W.inlet enthalpy, Elwlb 
Orurn pcess.. psig 
Orum temp.(sat) deg F 
Uwm sat vapor enth.,Btunb 
Drum sat liq. enfh.. Btunb 
B l o w  Down 
Misc. Steam Leaks b. Losws 
Fraction of Ash l o  Boiler 
Grate ash discharge temp, F 
UEC in Fly ash 
UBC in Bottom Ash 
Residue. Ibresiduwlbfuel 
Avg ternpamturs of residue, F 
Unburned Comb. lass. K 
UBC in residue , I 
Gas I m p  lvg econimirer. F 
Gas temp Ivg air healer. F 
U.FA Steam Heater Rise, F 
Radiation loss, % 
SensiMe heat in residue. % 
Unaccwnlad for loss, % 

Reference Tempentun. F 
Ambient Air Ternpsrtum. F 

Tala4 Excess Air 
Fractian air under gnte 
Encasr Air Supp(ied by Fans. % 
wight flue gas marculation 
General Air leaksg696 of T'hacr. 
deNOx Carrier air-% of Thao. 

24.89 
3.22 
0.34 
0.13 

19.38 
0.24 

31.80 
20.00 
4,500 
9,113 
1.775 
1.08 

51,344 
5w 
5w 

1,229.1 
600 
300 

289.6 
571 

1.203.4 
468.0 

t .O% 
1.5% 
10% 
250 

8% 
5% 

21.1% 
268 
2.4 
5.3 
425 
425 

0 
3.0 
0.2 
I .O 

60 
60 

115% 
70% 

102.7 
0.x 

12.3% 
0.0% 

4133 

MOLESHOO Ibs FUEL actually burned 
acijusbmnt Cr UBC as propartion of 
heallort lo unburned combustibles 

c =  
H2 = 
s =  
02 = 
N2 = 
H20 = 
CI = 

THERO. 0 2  REQ'D. MOW00 LBS FUEL 

FmC+O2 =C02 
F w  2H2 t 02;. H2O 
F m S + O Z  =SO2 
Fw: available 0 2  d C1 
Thea. mals 0 2  ta be supplied 

Wet Thm. Air. Ib airflb fuel 
Mob dry airJ malr 0 2  
M o b s  Ory airflb fuel 
Lb. dy air nq'dnb fuel 
Lb. H20 in airflb fud 
tb. Sld Air raq'dnb fuel 

FLUE GAS ANALYSIS 
Moks HCU Ib fuel 
Moles CO21 Ib fud 
M A  H201 Ib fuel 
Molu SOU Ib bel 
Moles N2 I lb fuel 
Malea 02 I Ib fuel 
Tot. Mds Fluu gasllb fuel 

RUE GAS CHARACTERISTICS 
Partiat Pressures 

P(C02) 
P(H20) 
P(S02) 

K c02 
% 02 
PPM SO2 
PPM HCI 

Percent by Volume (Onal) 

Gar wights. Ib gaulb be1 
Lb. HCUlb fuel 
Lb. C0211b Iuel 
Lb. HZOflb fuel 
Lb. W b  fuel 
Lb. N a b  fuel 
Lb. OZnb fueL 
Lb. Dry flu gaslb fuel krmd 
Lb. Wet fiu gadlb fuel b u d  
Flue gas malecularwsight 
H20 in gar, % by wighi 

2.023 
1.559 
0.004 
0.591 
a.012 
1.765 
0.W7 

2.023 
0.780 
0.004 

-0.598 
2.209 

3.078 
4.764 
0.226 
6.528 
0.085 
6.613 

0.00007 
0.02023 
0.03789 
0.00004 

0.02540 
0.26252 

0.178a9 

1.133 
2.122 
0.002 

9.0 
11.3 
176 
294 

0.002 
0.690 
0.683 
0.003 
5.0tl 
0.613 
6.719 
7.402 

28.198 
9.222 

MOUCULAR WEIGHTS 
HydrwhhluAdd (HcrJ 
Cartmn (C) 
HYdmsan ( W  
Sulfur (S) 
Oxygen (02) 
Nitfogan (N2) 
Watur (H20) 
Chlorine (CK) 
Carbon Q i o M  (COZ) 
Sulfur Dioldda (S02) 
CarbPn Manarjda (CO) 

STANDARD AIR COMPOSITION 

NZ, %byuduma 
H20, X by wi@~t 
Molecular wight dry air 

02, %byvohrms 

ADJUSTMENTS TO HHV FOR DIFFERING CONOl'ffONS 
SensiMa Heat in Fuel 
SenriMa Healin Air 
Cornprs~sian Heat 
Sleam Air Heater lnplt 
fffedivu HHV 

BOILER EFFICIENCY - ACTUAL - ADJUSTED TO AS-FIFED H H V  

HEAT LOSS ANALYSlS 
Dry gas bss, % 
Waterfrom hml loss, % 
MOM in air Ins. X 
Total -sea X 

BOILER OUTPUTS 
Feed Water Row 
Elmdown tlm, IMV 
High press. Wouthlin. 8Nlb 
B l W  : M M I  BNlb 
High prssr. duty, EtuRraur 
Elm+duw duty. Bbuhaa 
Total Boiler Output 3hJhour 
L S s t a n w h l e l  
Fradan of CombusWes Bumsd 

BOILER FUEL, AIR. b FLUE GAS FLOW RATES 
Fuet flow ntblw per d a y  
Fuel heat inprf E M U  
Fuel flow rats. lbmr 
Told air to kdm. 1Mu 
Flue gas lam- & i i ~ y s t e m  1Mr 
Air laakage, 1Mu 
Thermal DeNox CKlicr Air.lMu 
undergrate air flaw, I t &  
averfirs air h, t M u  
Flue gas mirarlation. ItvW 
Flue gas leaving w z e r ,  Iblhr 
TOW residue gmenliwt rats. ltwhr 

36.46 
12.01 
2.02 
32.03 
32.00 
26.01 
18.02 
70.91 

64.06 
&.a1 

28.01 

20.99 
79.01 

1.30 
m.as 

6Wlb 0.0 
B M b  0.0 
B M b  8.1 
E M b  0.0 
EWb 4.508 

62.9 
63. I W 

13.5 
16.7 
0.3 

37.1 

51.863 
529 
959 
198 

49,2623 14 
f02.901 

49,365.415 
2.9s 

97.57% 

209 
78,435,422 

17,399 
115,051 

6.568 
0 

75,938 
32.545 

0 
128,789 

3.675 

1 2 e . m  
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1.6 Schedule 

10601 Overall Project ScheduIe 

The overal1 project schedule begins with NREL subcontracting with ASME to perform the re- 
search described in this Test Protocol and ends with the submission ofthe final report to the spon- 
sor. The schedule is very aggressive, but is necessary if the results of this research are to be use- 
fill. 

The following are the key schedule milestone dates for this effort: 

NREL Contract Award -- Aug. 2, 1995 

Order Special Equipment -- Sept. 13, 1995 

Field Testing -- Nov. 15-30, 1995 

Receive Iast Fieid Data -- Feb. 16, 1996 

Distribute 1 st Draft Report -- March 1 S, I996 

Receive Comments -- April 1, 1996 

Distribute Draft Final Report -- April 15, I996 

Receive Final Comments -- April 22, 1996 

Send Final Report to ASME -- April 29, 1996 

ASME Report Date to NREL -- May 3, 1996 

1-6.2 Typical Test Day Schedule 

The same test schedule will be followed for each day’s testing. After 2 to 3 days of set-up, 
equipment check-out and site familiarization, the following daily pattern will be followed. 

+ 6:OO PM -- establish conditions for next day 

+ 6:OO AM -- set-up for day’s runs 

+ 7:OO AM -- start first PCDD/F run 

+ 9:OO Ah/l -- start first Acid Gases run 

+ Z0:OO Ah4 -- start first Metals run 

+ 1:OO PM -- start second PCDD/F run 

+ 3:OO PM -- start second Acid Gases run 

+ 4:OO PM -- start second Metals mn 

+ 6:OO PM -- break-down & clean-up, establish tomorrow’s operating conditions 
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This daily field schedule will be adjusted as necessary to accommodate plant break-downs. It is 
anticipated that some runs will start earlier than scheduled if the stack testing platform and access 
ports allow simultaneous operation of two trains on cross-traverses. 

1.7 Project Organization and Responsibilities 

The coordination of this emissions testing program will require a cooperative effort between a 
number of organizations. It is essential that all participating organizations be aware of their re- 
sponsibilities and that there are distinct lines of authority linking all organizations and key indi- 
viduals. Figure 2- 1 illustrates the overail program organization. 

The chart identifies tlie primary organizations: 

DOE, the Program Sponsor 

W L ,  the Program Ad mini st rat o r 

ASMEKRTD, the Subcontractor and Program Manager 

ASME Research Committee on Industrial and Municipal Waste [RCIMW], EMEWC 
Su bcornini t t ee 

Advi so ry B o a rd , add i t i o na t s p o n so r rep resent at i ves 

Rig0 & Rig0 / Chandler; the Principal Investigator 

Davis County Resource Recovery Facility, the Host Facility 

Bovar Concord Environmental, the Testing Subcontractor 

Zenon Environmental, tlie Analytic Laboratory 

NUS Laboratory, the TCLP Laboratory 

As Principal Investisator, Rigo & Rigo will coordinate the work on behalf of ASMEKRTD. 
They will coordinate the efforts of the field teams and host facility. They will design facility 
modifications, specify the equipment and assist Davis County RRF implement the necessary spray 
cooling changes. Rigo BC Rig0 will coordinate delivery and installation of the activated carbon 
feed system and acquire the reayent. 

Rig0 & Rig0 will maintain responsibility for the quality of work perfarmed by its personnel and 
subcontractors (external QAfQC).  Additional QA will be provided by the Testins Contractor 
(internal QNQC). 

Additional on-site oversight will be provided on a random, spot basis by a representative of the 
RCIWM. The division of responsibilities and Q N Q C  activities are laid out in Table 1-4. 



RETROFIT OF WASTE-TO-ENERGY FACILITIES WITH ESP's 
TEST PROTOCOL 

"Revision 1 
September 22, 1995 Section 1-1 1 

Figure 1-2 Project Organization Cliai-t. 
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SUBJECT 

Test Program 

Table 1-4 Comparison of Internal and External QNQC Responsibility for Selected Subjects 

J " A L  (TESTING SUBCONTRACTOR) QdQC EXTERNAL (PWCIPAL INVESTIGATOR) QA/QC 
RESPONSIBILI" RESPONSIBILITY 

Define program objectives and design test ma- Assess sampling program and data collection 

I trix to achieve program objectives. 
Select methods, detail procedures, and define 

for sufficiency to meet program objectives, 
Review and critique protocols and procedures. ' Test Methods 

Calibration of 
Test Equipment 

Sampling Locations 

FieId Sampling 

CEMS Testing IW- 

QC activities and limits. Assess protocols for comparabiIity to previous 
programs. 

Verify accuracy of calibration. Document in- Observe personnel, equipment, and procedures 
strurnent performance. during equipment calibration. Review docu- 

mentation of instrument calibration perform- 
ance. Provide on-site audit checks and docu- 
ment performance. 

Identify suitable sampling locations and per- Check for suitability of location to permit col- 
form necessary modifications. lection of representative samples. 
Provide trained test crew, properly prepared Observe testing, including leak checks and 
and/or calibrated equipment, and sufficient document any deviations from protocols. Ver- 

Process Samples !I-- 

supply of correct contamination-free reagents. 
Document instrument performance and verify 
accuracy of calibration gases. Provide and 
follow detailed operating and QC procedures. 

Establish standard operating procedures, con- 
duct routine QC checks to verify accuracy of 
uroeram. 

Sampie Recovery 

ify calibrations by conducting on-site audits. 
Review of documentation on instrument per- 
formance and calibration gas analysis. Observe 
on-site testing and document any deviations 
from protocol. 
Observe operation of system. Document re- 
sults. 

Sample Custody 

Ensure recovery follows defined protocols. 
Collect reagent blanks and field blanks. 

Log samples, prepare chain-of-custody sheets 
and package samples properly for transporta- 
tion. 
Provide experienced DAS operator(s), reliable 
hardware, and validated soha re .  

Select acceptable methods and detail procedures 
and changes. Detail laboratory QC including 
calibrations, control samples, duplicates and 

Process and Field 
Sampling Data 

Review sampling sites, sampling equipment, 
sample handling/preparation protocols, as well 
as document activities during sampling. Ob- 
serve plant personnel's efforts for deviations. 
Witness procedures. 
Observe and document recovery operation. 
Document that correct reagent blanks and field 
blanks are collected. 
Review sample logging and chain-of-custody 
documentation. Observe and document sample 
packaging. 
Document accuracy of logged data and verify 
accuracy of reported and calculated values with 
technical system audits. 
Review and comment on selected procedures. 
Review performance and document deviations 
from selected protocol. 

Sample Analysis 

Data Reduction 
Procedures 

matrix spikes. 
Establish standard data reduction procedures. Review data reduction procedures. Perform 
Conduct initial checks on proce- audit of procedures/calculations using known 
duredcalculations to verify accuracy. data set and document results- 
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Field sampling activities will be conducted by Testing Contractor personnel experienced with the 
emissions measurement techniques and QNQC activities specified for this eEort. Each sample 
train will be operated by a team leader. The team leaders are responsible for operating the Sam- 
pling trains and ensuring they are operating the trains in accordance with the sampling method- 
ologies. All team leaders are thorouyhiy trained in the test procedures and have successhlly 
completed simiIar testing on other test programs. They will report to the Testing Subcontractor’s 
field crew leader on a daily basis to keep him informed of progress. Samples analyses wilt be per- 
formed by a qualified and experienced Analytic Laboratory. 

.- i 

. .  

. .  
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PARAMETER 

Dioxins & Furans: 
Trace Organic train 

2. QUALITY ASSURANCE OBJECTIVES 

1 lcEC I S I (IN' ACCURACYb 

(% Difference) (%) 

50 5 0 -  120 

The overall objective of the sampling and analysis effort is to provide data that are precise, accu- 
rate, comparable, repi-esentative and complete. The definitions for these criteria and how compli- 
ance with them will be assessed are described below. 

_ _ _ _ ~ ~  ~ ~ 

G r avi me t r i c An a1 y s i s 

Metals 
Aqueous (impinger solutions) 
Solids (filters and fly ash) 

2.1 Data Precision illld Accuracy iltld Coiiipleterless 

d 1% of tlie total particu- * 0.5 ing 
late' weight or 0.6 m,o, 
whichever is y-eater 

< 20 8 5 -  115 
20 7 0 -  130 

The two aspects of data quality of priinary concern are precision and accuracy. Precision, as de- 
fined in "Guideline and Specifications for Preparing Quality Assurance Project Plans" (U.S. EPA 
QAMS-005/80), is "a measure of mutual agreement (or variability) among individual measure- 
ments of the same property, usually under prescribed similar conditions". Various measures of 
precision exist depending on these conditions. This term is independent of the error (accuracy) of 
the analyses and reflects only the degree to which the measurements agree with one another, not 
the degree to which they agree with tlie "true" value for tlie parameter measured. 

Acid Gases (HCI) 
Aqueous (impinger solutions) < 20 

Quality control procedures, such as control sample analyses and replicate analyses, represent the 
primary mechanism for evaluating measurement data variability or precision. Control sample 
analyses are used to define repeatability, replicate analyses are used to define analytical replicabil- 
ity, and results for replicate samples may be used to define the total variability (replicability) of the 
sarnpling/analytical system as a whole. QC objectives for laboratory control samples (prepared 
QC standards) and duplicates are outlined in Table 2- 1 .  

9 0 -  100 

Table 2- 1 Analytical Objectives for Laboratory Quality Control Samples (Guidelines) 

a) Expressed as the percent dit'ference between replicate measurements of similar labora- 
tory control samples (i.e., prepared QC standards and duplicates/replicate analysis). 

b) Expressed as the measured versus tlie expected value of laboratory control samples. 
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c) Constant weight procedure for Method 5 .  

d) Measured using a 0.5 rng Class S weight. 

The QNQC objectives for precision, accuracy and completeness established for each major com- 
pound measured are considered guidelines. For a measurement system, if all QC data meets these 
objectives, the test results are judged as having acceptable quality. When specific QC criteria are 
not met, the data will be flagged and the acceptance left to the technical judgment of the data user 
and the regulatory agency. 

Precision estimates must be considered not oniy by their absolute value (% difference) but also by 
the concentration ineasured. Lower sample concentrations (at or near the detection limit) may 
yield lower precision estimates while higher sample concentration typically yield higher precision 
values. 

For the manual train samples in this program, precision of the measurement data will be based on 
duplicate analyses of the same pollutant in a sample (analytical replicability) where feasible. It will 
be expressed as the percent difference (% D) between the two measurements. 

where: 
Yo D = percent difference between duplicate results 
A, and A2 = results of first ( 1 )  and second (2) analysis 
]A1 - A21 = absolute difference between duplicate analyses, AI and Az 

For continuous emission monitoring, the precision of the measurement data will be based on re- 
peated analyses of control sainples (i.e., cdibration gases) (repeatability). The variability will be 
expressed in terms of the coef'ficient of variation (CV) for the repeat analyses where: 

s 

x 
CV% = - 9 I00 

where: 
s = standard deviation of the measurements 
x = mean of the ineasi[reinents 

The CV is in units of percent since it is the ratio of the standard deviation of the mean to the mean 
times 100 (relative standard deviation), 
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Standard deviation is defined as follows. For a sample, the standard deviation Is' is the positive 
square root of the sainple variance. 

S y i = ,  L 71 - 1 

For a finite population, the standard deviation, s is: 

where: 
in is the tnie arithmetic mean of the population, and 
N is the number of values in the population. 

Conipleteiiess is defined as the measure of the amount of valid data obtained from a measurement 
system compared to the amount that was  expected to fiilly evaluate and understand the system 
under prescribed test conditions, usually expressed as a percentage. 

Completeness, expressed as a percentage, is defined as: 

The field objective is to obtain I00 percent of the scheduled samples. As a secondary objective, 
at least one valid laboratory result inust be obtained for each type of test and run  condition. 

Representativeness expresses the degree to which the data accurately and precisely represent a 
characteristic of a process condition or- an environmental condition. 

Table 2-2 is an outline of the QA objectives for laboratory measurements (i.e., analysis of field 
samples) while Table 2-3 is a summary of the QA objectives for the field measurements. 
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Metals (EPA Method 29) 
Metals, Particulate NA' 8 0 -  120 90 
Aqueous (impinger solutions) < 20 8 0 -  120 90 
SoIids (ash) < 20 50-  130 90 

Aqueous (impinger solutions) < 20 8 0 -  120 90 

Acid Gases (HCI) (EPA Method 
126A) 

l 

Table 2-2 QA Objectives for Precision, Accuracy and Completeness for Analysis of Field Samples 

PARAMETER 

Dioxins & Furans 

1~mC'TSlQN~ ACCURACYb COMPLETENESS" 
(%I I%) (%) 

(EPA Method 23) 
Trace Organic train NAd 50-  120 90 

Expressed as the average percent difference between replicate field sample analytical re- 
sults* 
Expressed as the observed versus the expected value of matrix spike and matrix spike 
duplicate samples. For trace organic analysis, surropte standards will be used to monitor 
for accuracy. 
Expressed as the percentqe of analyses deemed valid over ail planned analyses of this 
t Y  Pe. 
Replicate stack gas samples will not be taken. 

' 

d 

NA - not acceptable. 

The Q N Q C  objectives for precision, accuracy and completeness established for each major com- 
pound measured are considered guideiines. For a ineastireinent system, if all QC data meets these 
objectives, the test results are judged as having acceptable quality. 

Data that fails to meet the guidelines will be inspected for errors and a case-by-case determination 
made of representativeness. Based on the findings, the data inay be retained for interpretation or 
rejected as not meetins Q N Q C  criteria. When specific QC criteria are not met, the data will be 
flagged and the acceptance left to the technical judgment ofthe data user. 



RETROFIT OF LVASTE-TO-ENERGY FACILITTES WITH ESP's 
Test Piwtocol 

Revision 1 
September 22, 1995 Section 2-5 

Table 2-3 QA Objectives for Precision, Accuracy, and Completeness for Sampling Measurements 
(Guidelines) ~ 

MEASWMEN'T 

C on t inu ou s Method s 

Oxides of nitrogen 

Sulhr dioxide (UV) 

Manual Methods 

P articulate Milt t e r 

Metals, HCI 

Gas temperature 
(type K thermocouple) 

Dioxins 

* 20 

f 20 

12 

f IS' 

ND 

k SO' 

15 

15 

ND" . 

f 15" 

& 3d 

f- 50" 

COMPLETENESS 

(%) 

95 

95 

90 

90 

95 

90 

RSD - Relative Standard Deviation of replicate analysis of calibration gases. 
Relative accuracy will not be determined during this test program. 
Not determinable within liniits of method precision. 
Analytical phase only. 
Relative accuracy compared to NBS-traceable thermometer. 

h 

2.2 Met h o d Co 111 11 i\ i-:i b i l  i t y a 11 d D :I t :I Rep res eri t : ~  t iv en ess 

the data. 

+ 
+ 

+ 
+ 

Comparability is a measure of the confidence with which one data set can be compared to an- 
other. The following measures will be taken to ensure the comparability and representativeness of 

establish test conditions far enough ahead of testing for unit stabilization 

record and analyze process data to demonstrate that the intended conditions have been 
achieved 

use of Reference Methods whenever possible; 

standardized written sainpling and analysis procedures; 
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+ standardized handling and shipping procedures used for ail collected samples; 

+ standardized analytical procedures and experienced personnel used throughout the 
program; and 

+ report results in consistent units. 

2.3 Steps to Take if t i t i  Objective is not Met 

The test matrix calls for duplicate testing at 10 conditions. Nine conditions are unique; one con- 
dition is a replicate to provide an indication of reproducibly and accuracy. 

During testing, any number of field extengencies can occur which could prevent completing all the 
runs scheduled for a yiven test condition. In  such an event, as much testing as can be practically 
completed during the remainder of the day will be accomplished. The next scheduled test condi- 
tion will be then established per the matrix and the new condition tested the next day. 

At the end of the scheduled 10 days of testing, conditions with incomplete data will be repeated, 
in the original order. A whole day's test schedule conducted for each repeated test. 

Two days have been reserved to allow for equipment failures or the need to repeat a test. In the 
event that more than two days are needed to complete the test matrix, the completeness wilf be 
examined. If at least one of each scheduled type of test has been successfully completed, the test 
condition wilI not be repeated. If additional test days are still required to complete the matrix, 
they will only be conducted if they involve medium or low ESP operating temperature and low or 
high activated carbon addition. That is, under no circumstance will field testing be considered 
complete unless there is at least one valid run for each parameter for the conditions scheduled to 
be tested on days 1 ,  3, 4, 8, and 10. 

In  the event that samples are lost during shipment to the analytic laboratory or destroyed during 
recovery, the impact ofinissinf; the data on project completion will be judged. If at least one valid 
run remains for each test condition and type of analysis remains, no hrther action will be taken. 
In the event that the loss or damage results in no valid measurement for a parameter on test days 
I ,  3, 4, 8 or 10, reinobilization and retesting will be conducted as deemed necessary by Program 
Administrator and Program Sponsor. 
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3. SAMPLING AND ANALYTIC PROCEDURES 

3.1 Preliminary Activities 

Activities (and the responsible party in parentheses) for the rnobiIization phase of the testing at 
Davis County RRF will include: 

1. 

2. 

3. 

4. 

5. 

6.  

7.  

8. 

design, instaIlation, start-up and run-in of the spray-atomization and activated carbon 
addition systems (Principal Investigator); 

preparation, precleaning, and proofing of manual stack sampling trains and sample 
containers (Testing Subcontractor); 

quaIity checks of chemicals, reagents, filters, and XAD-2 sorbent (Testing Subcon- 
tractor and Analytic Laboratory); 

calibration of all sampling and monitoring equipment (Testing Subcontractor); 

development (and review) of data acquisition, data reduction and summary proce- 
du r es (Testing S u b c o n t rac t o r) ; 
development of external QA field data sheets (external QNQC team); 

review of equipment calibration logs (external QNQC team); and 

review of proposed field and laboratory procedures (external QNQC team). 

3.1.1 Preparation, Preclenning and Proofing of Manual Stack Sampling Trains and Sam- 
pie Containers 

The Contractor will ensure that all of the components of the equipment to be used meet the re- 
quirements specified in the Reference Methods. 

All components used for the manual stack sampling as well as sample containers will undergo 
preparation, precleaning, and proofing (Dioxin & Furan train only) following the procedures out- 
lined in the appropriate sampling protocols. Cleaning and proofing of the trains will be performed 
at Analytic Laboratory. 

All glassware for organics trains including probe liner and laboratory use will be scrupulously 
cleaned according to the following procedure: 

Soak in hot soapy water for one hour and scrub with brush. 

Rinse with hot tap water at least five times. 

Minimum four hour soak in chromate. 

Rinse with copious quantities of tap water. 

Rinse three times with reasent grade acetone. 
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. r> Rinse three times with distilled in glass hexane. 
g) Rinse three times with distil!ed in glass dichlorornethane. 

h) Airdry. 

The trace organics sampling train components (i.e., glassware, fiIters, resin) and sample containers 
proofing involves analyzing proofing samples obtained by recovering the cleaned components per 
the Reference Method 23 procedures. Since there are not proofing requirements in Method 23 
and the Principal Investigator’s experience indicates that such proofing is required, the proofing 
samples will be analyzed following the procedures employed by the USEPA and Environment 
Canada in their joint effort at the Mid-Connecticut Resource Recovery Facility. That is, the 
proofing samples from these items will be analyzed for PCBs (by G C E C D )  and PAHs (by 
G C E C D  or HPLC). The maximum contamination level is < 50 ngtrain total PCBs. Proof Sam- 
ples will be screened for P M s  for background contamination of P M s .  Confirmation analysis by 
HRGC/HRMS will be conducted if contarnination is indicated. PCB’s and PAH’s have been se- 
lected as proofing surrogates because experience shows that trains free of these materials are also 
PCDDE free. Also, PCB and PAH analyses are much less expensive, so they are suitable for 
routine Quality Assurance Activities. 

All glassware and sample containers for the particulate and metals train will be cleaned according 
to the following procedure (Method 29): 

a) Rinse with hot tap water and then wash in hot soapy water 

b) Rinse three times with tap water 
c) Rinse with DI water 

d) Soak in 10% (vh) nitric acid solution for 4 hours 

e) Rinse three times with DI water, 

f )  Rinse a final time with acetone 
g) Airdry. 

3.1.2 Quality Checks of Chemicals, Reagents, Filters and Sorbents 

The quality of the chemicals, reagents, filters, and sorbents used fur the sampling and analytical 
procedures will be checked by the Contractor to assure that these items are below the acceptable 
contamination level of the target analytes. In most of the cases, the quality control checks will 
involve analysis of the chemicals and reagents for the target analytes using the same analytical 
methodologies and with the same analytical detection limits applied to the actual samples. 

XAD-2 resin and filters will be cleaned according to EPA Method 23 involving a water rinse, and 
successive soxhlet extractions with water, methanol and dichloromethane. The resin is dried with 
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a stream of an organic free gas such as ultrapure nitrogen. Liquid nitrogen is often an excellent 
source for this purpose. Alternatively, the excess solvent may be removed by vacuum drying at 
ambient temperature. These materials will also be proofed and analyzed prior to use in the pro- 
gram. 

Reagents and chemicals will conform to the requirements specified in the appropriate sampling 
protocols. American Chemical Society (ACS) pesticide grade Chemicals and Type I Reagent 
water will be used for all metal and acid gas sampling trains and analysis. Pesticide grade soivents 
and HPLC grade water will be used for trace organic sampling train preparation and sample 
analysis. Filters will conform to Method 29 purity requirements of <1.3 m g h 2  of any metal of 
interest. 

CEMS calibration gases will all meet 40 CFR 60 Appendix F CGA Audit Standards and be NIST 
t raceab I e. 

3.1.3 Review of Equipment Calibration Procedures mid Logs 

The calibration procedures to be used by the Host Facility, the Testing Subcontractor and the 
Analytic Laboratory will be reviewed. All calibration logs will be received, reviewed, and initialed 
by an external Q N Q C  team member to indicate acceptability, prior to testing. 

Calibration of field sampling equipment must be performed prior to the field sampling effort. 
Calibration procedures must be consistent with procedures outlined in the EPA publication 
"Quality Assurance Handbook for Air Pollution Measurement Systems, Volume 111, Stationary 
Source Specific Methods" (EPA, 1977). Table 3-1 lists the recommended calibration procedures 
and acceptance limits for items to be calibrated. 
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ITEM 

Probe Nozzle 

Pitots and Manome- 
ters 

Temperature 
Sensors 
(Thermocouple) 

Barometer 
Aneroid 
Mercury 

Table 3-1 Equipment Calibration Details 

RECOXIMENDED 
CALIBRATED PARAMETER RECOMMENDED TO ACC EPTAi CE FREQUENCY 

CALIBRATE AGAINST/USING LIhIITS 

Internal diameter Vernier caliper - to nearest for II = -5 measure- once daily 
0.025 1mti merits high-low < 0.1 

miii 

Pitot coeficient, Wiiid tui’tiiel or equivalent (coeficient typically within 6 months of 
Dp vs standard Dp (nomially 1000 to 5000 0.8-1.2) testing 

“C or O F  measured vs Oulput plotted vs published *l.j% mwer the within 6 months of 
actual (theoretical) (use Tables andor  N3S (ASTM range testing 
boiling H20 boiling oil D363) 
and ice water) 

Pa, measured vs actual Calibrated iiiercury barometer i n  Hg) 
Pa, measured vs actual 

ft ./niin) 

kj0 pa (kO.015 before testing 

Secondary standard traceable 
to N B S  (ASTM D3G)  

Analytical Balance 
Triple Beam or 

G rilms, nii 11 i gra ins weekly 
Grams Class S weights kQ.1 g (the - read- weekly 

Class S weights (10 lug - 5s)  Within *0.1% 

Digital Balance 
Dry Gas Meter 

Orifice 
Cylinder Gases 

Continuous Monitors 

(100. 500. 1000 R )  

beI1-prover positi\*e displace- iiig range factor of testing 
iiient system 0.95 - 1.05 

ability) or *l% 
Meter flow Calibrated wet-test iiieter or k1% over the work- within 6 months of 

Orifice constant Wet test meter Not applicable once during program 
ppm or YO Traceable to standard gases Analytic Laboratory low, medium, high 

arid supplier analysis 
within 2% 

before and after test 

Systetu bias check 

Reproducibility 

Iiitroduce calibration gas at *j% of spoil daily before and after 
outlet of sampling probe then 
directfy to the analyzer daily 
Inject span gas through the h20% RSD once during program 
sampling system at least 3 
tintes, once during program 

test 
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Reference method calibration procedures will be used. The ensures that, 

+ all critical measurement parameters, including all critical pollutant measurement sys- 
tems, reference the applicable standard operating procedures or provide a written de- 
scription of the calibration procedures to be used; 

+ the frequency of calibration is stated; and 

+ the calibration standards to be used and their source(s) including traceability proce- 
dures are stated. 

The calibration procedures used will be reviewed for conformance with Reference Method re- 
quirements and good practice. All calibration logs will be received, reviewed, and initialed by the 
external QMQC team to indicate acceptability, prior to testing. 

Calibration of field sampling equipment must be performed prior to the field sampling effort. 
Calibration procedures must be consistent with procedures outlined in the EPA publication 
"Quality Assurance Handbook for Air Pollution Measurement Systems, Volume 111, Stationary 
Source Specific Methods" (EPA, 1977) and the Reference Methods. Table 3-4 details the rec- 
ommended calibration procedures and acceptance limits for various items to be calibrated. 

Plant instrumentation will be calibrated in accordance with facility procedures. Any instrumenta- 
tion scheduled for caIibration within a month of the end of testing will be calibrated prior to the 
start of the test period. 

3.1.4 Preliminary Site Work 

Before conducting formal emission testing, preliminary tests will be  conducted to: 

+ establish sampling conditions, and 

+ identify any adverse conditions at the sampling locations or in %as flow and develop 
approved work arounds. 

The following duct and flue gas parameters will be confirmed: 

+ inside diameter, 

+ moisture content-measured for each of the three temperature conditions, 

+ static pressure, 

+ velocity pressure profiles-measured for each of the three temperature conditions, 

+ temperature profiles- measured for each of the three temperature conditions, and 
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+ combustion gas composition-measured for each of the three temperature conditions, 
special attention will be paid to the CO;! contribution of the sodium acid gas reagent as 
sodium bicarbonate and sodium sesquicarbonate “calcine” and evolve C02. 

Because new conditions will be tested each day, expected moistures wiIl be used for the first run 
and rnoistures will be verified at the end of that run. The most recent measured moistures will be 
used in subsequent testing. 

Velocity pressure and temperature profiles will be measured across the sampling ports of each 
duct to..determine if there is a flow distribution across the duct. 

3.2 Sampling Procedures 

This section outlines the sampling protocols, pretest QAJQC and on-site QNQC activities to be 
performed during the test program. Emphasis has been placed on sampling and Q N Q C  protocols 
for mama1 and continuous stack emission measurement. 

The protocols described in this section ensure that representative samples of the flue gases to be 
monitored are collected and that sample integrity is maintained. The use of these sampling proce- 
dures will significantly reduce, if not eliminate, the possibility of sample Contamination from ex- 
ternal sources. Sample handling (e.g., collection techniques, preservation and transportation) and 
stringent documentation requirements (e.g., sample identification, and chain of custody) are key 
factors in this program. 

The protocols to be used for manual sampling and continuous monitoring during testing include: 

EPA Method 29 Determination of Multiple Metals Emissions from Stationary Sources 
(40 CFR 266, Appendix IX, Section 3.1) including the determination of front-half 
particulate matter. The laboratory recovery may be modified for mercury recovery 
from an aliquot from the acidified hydrogen peroxide impingers by adding potassium 
permanganate to neutralize the excess peroxide which appears to cause a low bias of 
Method 29 compared to Method IOZA for some sources. 

EPA Method 23 - Determination of Polychlorinated Dibenzo-p-dioxins and Poly- 
chlorinated Dibenzohrans from Stationary Sources. (40 CFR 60, Appendix A) 

EPA Method 26A - Determination of Hydrogen Chloride from Stationary Sources, 
(40 CFR 60 Appendix A) 

US EPA Method 6C and 7E Continuous Emission Monitoring Approved CEMS 
procedures for NO, (Chemiluminescence) and SO2 (non-dispersive ultra violet- 
NDUV). (40 CFR 60 Appendix B) 

Davis County Resource Recovery Facility, Ash Sampling Protocol, Revision 2, for 
combined ash and ESP residue grab samples. (Copy attached) 
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The sample procedures applicable to all manual sampling trains to be used in this program are dis- 
cussed in terms of the daily sequence as follows: 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

The sampling trains will be prepared and assembled in the on-site laboratory using the 
procedures described in the QAPP and will be retrieved from the laboratory with all 
openings sealed. 

All pretest, port change, and post-test leak-checks will be observed by a member of 
the external QNQC team. The pretest leak-check will be conducted on a heated 
sample train at the nozzle; if the leak rate is found to be unacceptable (>0.02 ft3/min at 
15" Hg or 4% of the normal sampling rate, whichever is less) the source of the leak 
must be identified and fixed. Further leak checks will be performed until the leak 
check acceptability criterion is satisfied or if leak excessive (2-3 ft3 or greater) train 
will be replaced. Care should be taken not to contaminate the sample train while the 
nozzle is open. 

Prior to sampling, the heated sampling train components will be warmed up and stabi- 
lized at the proper temperatures for sampling. 

The external QNQC team members will review the sampling parameters (delta H and 
isokinetic input data) prior to the test and during testing to assure that the sampling 
will be conducted isokinetically. 

Sampling will commence upon notification by the Principal Investigator that the f a d -  
ity is ready for test. 

Additional leak-checks will be performed on the sampling trains before and after a 
move to another sampling port. Leak-checks must be performed before and after any 
change in sample train components. 

The sampling train will be broken down into transportable components. The compo- 
nents of each section will be sealed at the end of the test and transported to the 
cleanup area. All sampling trains will be recovered by designated clean-up personnel. 

Sample recovery and packing will be spot checked by a member of the external 
QA/QC team. The designated cleanup personnel will recover the samples, record 
sample information in the sample log book, and label sample containers. 

Field blank trains (organic train) will be prepared in a manner identical to actual Sam- 
pling trains. They will be assembled and left for a period of time equai to an actual 
sampling run. The fieid blanks will be recovered and analyzed using the same proce- 
dures as the field samples. Reagent and filter blanks will be collected as outlined in 
each of the sampling protocols. 

Sampling train summary sheets and data sheets will be completed for each sampling train. A daily 
operator's log wil1 be kept for each test. Davis County RRF DCS and CEMS data will be logged 
throughout testing. Copies of the data, the daily operator's log and a special log book developed 
to record events related to the spray cooling system will be obtained. 
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3.3 SnrnpIe Recovery arid Sample Custody 

Sample train preparation and recovery procedures will ensure that: 

no externai Contamination is present in the sample train and containers; 

the sample is quantitatively removed from the sample train into the designated containers; 

the sample integrity is maintained until analysis; and 

because of the possibility of higher concentration PCDD/F runs contaminating a sampling 
train for subsequent runs with lower expected PCDDE concentrations after train proof- 
ing, recovered glass ware from normal temperature and runs without activated carbon 
addition will not be reused for medium and low temperature, activated carbon runs. 

Sample custody procedures and preparation of samples for shipment will be spot checked by an 
external QNQC team member to document that the Contractor followed the procedures de- 
scribed in these sections. The team member will initial sample recovery sheets to document that 
the appropriate sample recovery and sample train clean-up procedures were followed. 

Tables 3-2 to 3-4 provide an outline of key highlights for each of the manual stack sampling pro- 
tocols. 

A Method 29 sampling train will be used for the collection of particulate material, metals and 
mercury. The sample train is operated as a Method 5 train with modifications to the impinger 
configuration to enhance the collection of the mercury. 

The QA/QC activities (and the responsible party in parentheses) for the mobilization phase of the 
emission tests at Davis County Resource Recovery Facility include: 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

preparation, precleaning, and proofing of manual stack sampIing trains and sample 
containers (Testing Contractor); 

quality checks of chemicals, reagents, filters, and X A D - 2  sorbent (Testing Contrac- 

calibration of all sampling and monitoring equipment (Testing Contractor); 

calibration of plant instrumentation (Host Facility) 

development (and review) of data acquisition, data reduction arid summary proce- 
dures (Principal Investigator); 

development of external QA field data sheets (external QA/QC team); 

review of equipment calibration logs (external QNQC team); and 

review of proposed field and laboratory procedures (external QNQC team). 

tor); 
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1. Empty 
2. m03m202 

3. HNO;/H202 
4. Empty 
5.  KMnOJE&SOA 
6.  KM~OJH~SOJ  

i 7. Silica Gel 
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~~~ ~ 

Filter Particulate, Metals and Hg 
Acetone Front Half Rinse (100 rnL) Particulate and Metals 

Table 3-2 Summary of Method 29 Particulate Material, Metals and Mercury 

3 

4 

5A 

~ ______ 

TRAIN CONFIGURATION 
Nozzle I Ouartz 

Probe Rinse 
0.1 N WNO; (Front Half Rinse) (100mL) 
Back Half Filter, Iinpinger Contents (1,3,3) 
and Nitric Acid Rinses (1 00 mL) 
Impinger 4 content and 100 mL I-pNO3 rinse 
Impinger Contents ($4 )  and 100 mL 

Probe Liner 
Filter 

Impinger Solu- 
tions 

Quartz 
Quartz fiber filter without organic binders and background metal content 
of < 1.3 mg/m2 

(100 mLs)  
(100 I d s )  

(100 m L s )  
(100 mLs)  
(200 - 300 g) 

SAMPLE RECOVERY CIIM€')ON"S 

.Ltu.ALYSIS REQUIRED 

Metals and Hg 

Metals and Hg 

Mercury 

Mercury 

Mercury 

~~~~ ~~ 

SAMPLE STORAGE CONTAINERS 

- 1000 mL or 500 mL glass amber (wide mouth) sample containers with Teflon Iined 
caps liquid samples and blanks 

- petri dish for friter 
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PtVIAMETER 

Part icu 1 ate Material Determination 
Metal Analysis 

Cd, Pb 

Table-3-2 Summary of Method 29 Particulate Material, Metals and Mercury (Continued) 

METHOD COMBINED L A 3  SAMPLE 

Gravimetric Containers 1 and 2 
ICAP Containers 1, 2, and 3 

Containers 1, 2 and 3 
Container 4 
Containers 5 4  5B & 
5c .. . 5 ." -.. , 

BLANKS 

I 

Reagent Blanks Collected in the Field and Held for Possible Analysis: 

Acetone 100 m L s  
0.1 NIXNO3 200 d s  
5% HNOj/ 10% H202 

Acidified K M n 0 4  300 mLs 
200 m L s  

8 N H C D I  Water 50 mLs 
Filter Blank 50 r n t s  

Blank Train: 

Taken through all the steps from preparation to recovery without actual sampling. 
Four blank trains will be collected and analyzed during the test program. 

S 

3.3.1 Sample Identificntion, Custody mid Tracking Procedures 

To ensure that all samples required for each test are collected or recovered, a comprehensive 
sample list will be prepared for each run. Once a sample is recovered or collected and identified, 
it will be logged into the QMQC Master Sample List. With this system in place, the QA team will 
be able to identi@ any errors or deficiencies and correct them immediately. Information to be 
documented in the log will include: 

1. the test number; 

2. the test date; 

3. field codes: 

4. a brief sample description; 
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Probe 
Filter 
Resin 

5. the initials of the individuals logging-in shipping and receiving the sample; 

6 .  the name of analytical laboratory performing the analysis; and 

7. status of sample (Lea, analyzed or archived). 

Glass with Nickel plated stainless steel nozzie 
Glass fiber filter without organic binders 
Amberlite XAD-2 

Table 3-3 Summary of EPA Method 23 PCDDE 

Impinger Soh-  
tions 

1. empty - short stemmed 
2. R.O. Water (1 00 mLs) 
2. R.O.Water (1 00 d s )  

1 
2 

3. Empty 
4. Silica Gel (200 - 300 g) 

Filter Trace Organics 
Acetone Rinse (3x); DCM Rinse ( 3 x )  Trace Organics 
Front Half. Back Half and Condenser Coii 

1 

SAMPLE RECOVERY C'QMPQNENTS 
CONTAINER I CONTESTS XYALYSIS REOUIRED 

3 

4 
5 

Toluene Rinse (3x) Trace Organics 
Front Half, Back Half and Condenser Coil 
Amberlite XAD-2 Trace Organics 
Impinger Contents and R . 0  water rinses Trace Organics 

GC/MS High Reso- 
lution 

SAMPLE STORAGE CONTAINERS 
- 1000 mL or 500 mL glass amber (wide mouth) sample containers with Teflon lined 

caps 
GIass petri dishes for filters 
clean aluminum foil to wrap XAD-2 trap and filled storage containers 

- 
- 

SAMPLE ANALYSIS SCHEME 

One sample analysis per train (Containers 1, 2, 
3, 4, 5 and 6 )  

II I METHOD I COMBINED LAB SAMF'LE 
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Table 3-3 Summary of EPA Method 23 PCDDE (CONTINUED) 

1 
B L A K  TRAIN ll 

Blank Train: Taken through all the steps from preparation to recovery with leak check vol- 
ume ambient conditions sampling. Four blank trains will be collected and analyzed during 
the test program. 
Field Blanks: Combined acetondhexane, combined water/gIycol, XAD-2 trap, glass fiber 
filter. Samples collected and archived; analyzed if necessary. 
Field _ _  Spiking: Spiking of the resin cartridge will take place at Analytic Laboratory prior to 
sampling and will include the following 5 labeled compounds: 

Cld-2,3,7,8-TCDD 13C12- 1,2,3,4,7,8-HxCDF 
"C12- 1,2,3,4,5,7,8-HpCDF ''C12- 1,2,3,4,7,8,%HpCDF 
" C  12-2,3,4,7,8-PCDF 

37 

Reference method calibration procedures wiI1 be used. The ensures that: 

+ all critical measurement parameters, including all critical pollutant measurement sys- 
tems, reference the applicable standard operating procedures or provide a written de- 
scription of the calibration procedures to be used; 

+ the frequency of calibration is stated; and 

+ the calibration standards to be used and their source(s) including traceability proce- 
dures are stated. 

+ I  



RETROFIT OF WASTE-TO-ENERGY FACILITIES WITH ESP’s 
TEST PROTOCOL 

Revision 1 
September 22, 1995 Section 3-73 

I FiIter 

tions 
Impinger Soh-  

Table 3-5 Summary of EPA Method 26 Hydrogen Chloride (HCI) 

25 mrn Teflon, glass mat or Pallflex filter 
1. 0.1 N H2SOJ (15 d) 
2. 0.1 NHzSOj (15 d) 
3 0.1 NNaOH (15 d) 
4. 0.1 NNaOH (15 mL) 
5. Silica Gel or Drying Tube (200 - 300 g )  

It TRAIN COWTGURATION 

SAMPLE RECOVERY COMPONENTS 
k 

11 Probe Liner I Glass 

1 
2 

Impinget 1& 2 and DI Water 
Rinsings 
Impinger 3 & 4 and DI Water 
Rmsings and 
sodium thiosulfate 

PARAMETER 
HCI 
CL2 

ANALYSIS R E Q U I E D  

HCI 
c 12 

METHOD COMBNED LAB SAMPLE 
Ion Chromatography Container 1 
Ion Chromatography Container 2 

SAMPLE STORAGE CONTAINERS 
- 100 or 250 mL HDPE sample container with Teflon lined screw lids 

SAMPLE ANALYSES SCI-IEME 

Reagent Blanks Collected in the Field and analyzed: 

0.1 N H2SOJ diluted with DI water 
0.1 N NaOH diluted with DI Water 

30 mL + DI water 
30 i-nL + DI water 

3.3.2 Method 29 Train for Particulate, Metals & Mercury Analysis 

The acidified KMnOJ solutions will be prepared fresh daily and stored at 4°C in a glass amber 
bottle. The K M n 0 4  impingers will be wrapped in aluminum foil. Additional acidified potassium 
permanganate solution will be added to the KMnOJ irnpingers (or the actual irnpingers will be re- 
placed with impingers containing fresh KMn04)  during a test if oxidation occurs (indicated by a 
color change). 

Stock KMnOJ solutions and sulhric acid solutions will be provided fresh weekly. The M n f l 4  
will not be acidified until the test day. 
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This sampling train consists of nickel plated stainless steel nozzle attached to a heated Teflon line. 
A thermocouple and S-type pitot tube are attached to the probe for measurement of gas tempera- 
ture and velocity. Sample gas is drawn through the nozzle and probe and then through a heated 
quartz (QR 100) filter. Particulate matter collected on the filter and in the probe will be weighed 
and analyzed for the metals of interest. The impingers will be weighed before and after the test 
run to permit gravimetric moisture determination. 

Leak checks on the assembled train wilI be performed before and after each sampling run and 
during port changes. In the event that any portion of the train is disassembled and reassembled 
(i.e,, filter change), leak-checks will be perfarmed prior to disassembling the train and resuming 
sampling. All leak-checks and leakage rates will be documented on the relevant fieId test data 
sheet. ' 

- .  

Preparatory activities for this train include equipment calibration and filter weighing, standard to 
Method 29. An additional preparation for this train's glassware and associated sample containers 
is the precleaning as outlined in Section 3.1.1. 

Recovery procedures for the sample train will be: 

1. Remove the sampling train to the recovery site. 

2. Note the condition of the train (i.e., filter condition, impinger contents color, silica gel 
color, etc.). 

3. Disassemble the filter housing and transfer the filter to its original petri dish. Seal the 
container with Teflon tape and label it  with the appropriate sample information 

4. Weigh all irnpingers for gravimetric moisture determination. 

5. Brush-rinse the front half of the train (nozzle, probe, front half fiIter housing, and cy- 
clone, if applicable) with acetone into precleaned containers 

6. Repeat the front half rinsing of the train with 0.1 N nitric acid into a precleaned con- 
tainer 

'7. Empty the contents of irnpingers 1, 2, 3 and 4 into a clean polyethylene sample bottle. 
Rinse the irnpingers back half of filter housing, fitter support and connecting glassware 
with 0.1 N €€NO3 into the precleaned container. 

8. Empty the contents of irnpingers 5 and 6 (acidified KMnOJ) into a clean glass amber 
sample bottle. Rinse the irnpingers with acidified KMnOd and add the rinsings to the 
glass amber sample bottle containing the impinget solutions. Remove any residue with 
8 N HC1 solution. 

9. Weigh silica gel irnpinger. 

10. At this point, check all containers to ensure they are sealed, labeled, and all liquid lev- 
els are marked. Log all samples onto the chain-of-custody record. 
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The samples recovered from this train will be identified as follows: 

+ TSl = filter, 

+ TS2 = acetone probe and front half rinsings, 

+ TS3 = 0.1 N nitric acid probe and front half rinsings, 

+ TS4 = DI water and €IN03 impinger solutions and impingers 1, 2, 3 and 4 nitric acid 
rinsings, 

+ TS5 = KMnOj impinger solutions and impingers 5 and 6 rinsings, and 

A blank train will be used for field blank sample analysis. The field blank will consist of assem- 
bling and loading the particulate material and metals train and pe&orming the sample recovery 
procedures. The sainples from the blank train will be analyzed. One blank train wilI be collected 
with each set of three tests. Reagent blanks will be collected in the field once during the field test 
but they will not be analyzed unless warranted. 

. 

3.3.3 Method 23 Train for PCDD/F Analysis 

The Modified Method 5 (MM5) sampling train outlined in the EPA Method 23 will be used for 
the co 1 I ec t i on of p o 1 y c hl o r i n a t ed d i b en zo - p - d i o xi n s , p o 1 y c hl o r i n at e d d i b e nzo h ran s (P CD DR), 
and for trace organics. 

The sample train consists of a heat-traced probe with a nickel-plated, stainless steel nozzle, and 
attached thermocouple and pitot tube. The glass probe will be maintained at a temperature of 
120°C ~t14'C. After the probe, the gas passes through a heated glass fiber filter. Downstream of 
the heated filter, the sample ,ass passes through a water-cooled module, then through a sorbent 
module containing approximately 30 to 40 g of XAD-2 resin (pack trap). The XAD module, 
which is kept at a temperature below 2O0C, is followed by a series of four impingers. The XAD 
inlet temperature will be monitored to ensure that the temperature of the flue gas sample entering 
the module is maintained below 20OC. The first impinger is connected to the outlet of the XAD 
module, and is modified with a short term stem so that the sample gas does not bubble through 
the collected condensate. 

d 

The first impinger will be empty and the second and third irnpingers will contain 100 rriL of KPLC 
grade water, the fourth will be empty and the fifth will contain a known weight of silica gel. The 
impingers, condenser and XAD-2 resin module will be weighed prior to assembling the sampling 
train to permit gravimetric moisture determination. All connections within the train will be glass 
or Teflon; no sealant greases will be used. The iinpingers are followed by a pump, dry gas meter, 
and a calibrated orifice meter. 

Prior to sampling, all gas-contacting components of the train will be washed with alconox and 
water and thoroughly rinsed with solvents. All trace organic train components and sample con- 
tainers will be proof rinsed, the rinses analyzed, and components and glassware deemed free of 
contamination prior to use. 
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Sampling will be isokinetic (100 f 10 percent) with readings of flue gas parameters recorded at 
every sampling point through the traverse. In the event that isokinetic sampling cannot be main- 
tained due  to a high pressure drop through the sampling train, the train will be shut down and the 
problem remedied. In the event that steady operation is not maintained, or that there are atypical 
fluctuations in monitored gas parameters, the testing will be stopped until these conditions are 
stabilized. Steady operation of each unit will be the responsibility of facility personnel. 

Each point will be sampled to ailow collection of sufficient cumulative flue gas volume to perForm 
necessary analyses (about 2-4 m3>. The largest practical sample volumes time permits will be 
collected during the second run for conditions 1, 3,  4, 8 and 10. 

Sampling will be conducted whiIe traversing the Method 23 train across each of the ports at loca- 
tions which satisfy the criteria delineated in the Method. At each test point within the stack, all 
necessary sampling train parameters will be measured. During sampling, the XAD cartridge will 
be wrapped in foil to shield the resin from sunlight. 

Leak-checks on the sampling train will be performed before and after each sampling run and dur- 
ing each port change. In the event that any portion of the train is disassembled and reassembled 
(i.e., due to filter or resin changes), leak-checks will be performed. The sample train leak-checks 
and leakage rate (where appiicable) will be documented on the field test data sheet for each re- 
spective run. 

Following completion of each test run, the trains wiIl be transported to a recovery area on-site, 
recovered and the analytic samples secured for transportation to Analytic Laboratory. The recov- 
erv Drocedure for the trace semi-volatile train will be: 

J L  

1. 

-2.  

3. 

4, 

5.  

6. 

At the end of sampling, remove the probe from the stack and cap nozzle. Allow to 
cool briefly. 

Conduct a leak-check to ensure a leakage rate of < 0.02 A'/m. 
Remove the sampling train to the recovery site. 

Note the condition of the train (ix., filter condition, iinpinger contents color, silica gel 
coIor, etc.). 

Weigh the XAD-2 trap and inipingers for graviinetric moisture determination. 

Disconnect the samplin,o probe from the train and seal all open end with clean alumi- 
num foil. Store all train components in a clean and coot (4°C) area until shipment to 
Analytic Laboratory. 
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The following recovery procedures will be performed: 

1.. 

2. 

-I 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

Disassemble the filter housing and transfer the filter with the exposed side up to pre- 
cleaned foil with hexane rinsed tweezers. Brush any loose particulate from the filter 
holder onto the filter. Fold the filter in half (particulate cake inside fold), crimp the foil 
to close the edges and place in aPetri dish. 

Quantitatively recover the material in the nozzle and probe line, front half of the filter 
hoIder and any connecting glassware, first by brushing then rinsing each three times 
with acetone and then by rinsing three times with methylene chloride 
(Dichlorornethane - DCM). The acetone and methylene chloride rinsing will be placed 
in a precleaned amber glass sample container and sealed with Teflon-lined lids, mark 
liquid levels. 

Repeat the rinsings described in 2 (probe liner, nozzle and front half filter holder) using 
toluene as the rinse solvent. Collect the rinses in a precleaned amber glass sample 
container (with Teflon lids) and mark liquid levels. 

Remove resin trap from the connecting glassware and seal the open ends with pre- 
cleaned aluminum foil. Transfer the XAD-2 resin into a glass extraction thimble if 
resin trap is to be cleaned and proofed for subsequent tests. 

Rinse the back half of the filter holder, the condenser coil empty resin trap and con- 
necting glassware, sequentially three times each with acetone and methylene chloride. 
Co 11 ec t rinsings. 

Repeat the rinsings described in 5 (back half filter holder, condenser coil empty resin 
trap and connecting glassware) using toluene as the rinsing solvent. Collect the rinses. 

Transfer the iinpinger contents from the first three impingers into a precleaned glass- 
amber sample container and seal with a Teflon-lined lid. 

Rinse the first three impingers and connecting glassware three times each with acetone 
and methyelene chloride. Collect rinsings in the precleaned glass-amber sample jar 
containing the back half acetone/methylene chloride rinse. 

Repeat rinsings described in 8 (impingers and connecting glassware) three times each 
with toluene. Add rinsings to the sample jar containing the toluene rinses of the back 
half filter holder, condenser coil and empty resin trap, then seal with Teflon-lined lid. 
Mark liquid level. 

10. Remove and recyck the silica gel from the fourth impinger. 

All recovered samples will be stored in a refrigerator at 4°C immediately following sample recov- 
ery. The samples will be identified as follows: 

1. TSl = filter 

2. TS2 = acetonehethylene chloride front half and back half rinsings 
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-3. TS3 = toluene front half and back half rinsings 

4. TS4 = XAD-2 resin 

5. TS5 = impinger solutions (Le., impinger contents) 

Four blank Method 23 sampling train will be used. The blank trains will be treated at the sam- 
pling site in the same manner as the test trains, except that the only gas drawn through the blank 
train wiIl be ambient air equivalent in volume to the sampling train leak check volumes. The pur- 
pose of these blank trains is to provide background concentrations of trace organic compounds. 

3.3.4 Method 26 Sampling Train for HCI 

The train consists of a heated glass probe and fitter followed by a three way stop clock and 30 mL 
midget-irnpingers. The first two impingers will contain 15 mLs of 0.1 N HlS04 while the third 
and fourth impingers will contain 15 rnLs  of 0.1 N NaOH. A final impinger containing silica gel 
wilI be placed after the fourth impinger to protect the dry gas meter and pump. 

” 

The train will be Ieak checked by plugging the probe inlet and turning on the sample pump to pull 
a vacuum of 10 inches of Hg. The needle valve will be turned off and the vacuum should remain 
stable for 30 seconds. 

The sampling system will be leak checked at the completion of the run. 

The recovery procedures for this train will be: 

1. Weigh the impingers and silica gel 

2. Quantitatively transfer the contents of irnpingers 1, 2 and 3 and label the sample con- 
tainer. 

3. Rinse the irnpingers and connecting glassware with DI water. 

4. Seal and label the container then mark the liquid level. 

5. Remove and recycle the silica gel. 

3.3.5 CEMS for Combustion Gilses aiid Criteria Pollutants. 

The concentration of the following combustion gases will be monitored on a continuous basis us- 
ing the monitors described in Table 3-7: 

+ carbon monoxide (CO), 

+ oxygen ( 0 2 )  

+ sulfur dioxide (SOZ), and 

+ nitrogen oxides (NO,). 
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A sample of the flue gases will be drawn from stainless steel tube, filtered to remove particulate 
material then transferred by a Teflon line to the gas conditioning unit and individual analyzers. 
The gas conditioning unit and analyzers will be located in the testing subcontractor’s mobile 
CEMS Laboratory. 

The Teflon sample line will be heated to at least 160°C or at least 5°C above the dew point of the 
flue gases whichever is greater. 

Prior to the start of testing, several preliminary assessments and calibrations will be made. These 
activities include: 

1. 

2. 

3. 

4. 

During the preliminary tests, the sampling probe will be traversed across the CEM 
sampling location for stratification. Acceptable stratification is when all points are 
within 10% of the average. If unacceptable stratification is present, a sampling probe 
with sufficient multiple sampling orifices will be used. 

System bias checks will be conducted prior to the tests. This will involve a three-point 
calibration of the instruments through the complete collection system by directing Cali- 
bration gas to a point of entry immediately after the sampling probe and to the analyz- 
ers directly. 

Reproducibility check will be conducted. This will involve conducting replicate (at 
least 3) analysis of calibration gas. 

Instrument linearity checks will be done prior to going on-site and after test program 
complete. Calibrations will be at three points plus a zero with a resultant R = 0.995 
deemed acceptable. 

A sample recovery check (system bias check) will be conducted prior to testing and daily during 
testing program with 90% recovery. Calibration gases will be introduced: 

1. at the sample probe inlet upstream of the sample transport pump, 

2. directly to the analyzers. 

The differences in readings will be interpreted to be losses in the transport or conditioning system. 

A calibration (zero, mid-point and span check) of each CEM will be conducted prior to each test 
period and at the completion of each test. The individuals performing the calibrations are required 
to complete calibration data sheets which contain the following information: 

1.. test number and sampling location, 

2. date and time, 

3. operator, 
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ANALYZER MODEL 

4. instrument serial number, model, etc., 

5 .  span gas concentration and cylinder reference number, 

6. instrument settings (range, attenuation, zero, span), and 

7. instrument response. 

PRINCIPLE 

Table 3-6 Combustion Gas Analyzer Specifications 

11 Nitrogen Oxides 

11 S u h r  Dioxide I Western Research 

1 TECO Mode IOA 

I 

Chemiluininesc- 
ent 

NDUV 
72 1 AT2 

RANGE OF OPERATION 1 

If a monitor must be recalibrated during a test, the new calibration information must be docu- 
mented. Calibration data sheets will be initialed by the individual performing the calibration and 
by the on-site external QNQC. 

3.3.6 ESP Ash, Acid Gas Reagent mid Activated C;wbon Sampling and Processing 

Composite sainples of ESP residue, acid gas reagent and activated carbon will be collected near 
the end of each condition’s run. 

Grab samples of ESP residue will be taken from the fly ash screw conveyor that connects the 
bottom of the baghouse hoppers to the ash bunker. Incremental grab sainples of the Trona and 
activated carbon being used during any test will be obtained throughout the day and composited 
in a new 5 liter plastic bucket. The solid samples will be archived in a 1 liter wide mouth glass jar 
fitted with a Teflon lined lid. Sample labels (pre-gummed paper labels taped over) for moisture 
resistance will be prepared by the Testing Contractor. Each label will contain the following in- 
fo r ma t io n: 

1. date when sample was taken; 

2. sample code; 

3 .  run number; 

4. sampling location; 

5. sample description; 
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6.  sample destination; 

7. name of individual collecting or recovering sample; and 

8. comments. 

At the present time, no analyses are planned for the ESP ash samples which will be archived. 

In addition, Davis County RRF is scheduled to collect combined ash samples during the antici- 
pated test period. If they do so, representative combined ash samples will be analyzed for TCLP 
metals. One combined residue subsample, selected at random, will be analyzed for trace organics. 

3.3.7 Process Data Acquisition 

Basic system operating data will be continuously recorded in the Davis County RRF Data Histo- 
rian which is an integral part of the Provox Operating System. The operating data collected will 
be provided to the Principal Investigator as an Excel file. This data will be summarized as run 
maximums, minimums and averages. Run time characteristics will be compared to baseline op- 
erating characteristics to verify that the facility was in normal operating condition when the testing 
was conducted. Operating data will be provided: 

1. at least one week prior to start oftesting; 

2. throughout the test period, and 

3. throughout the two month period immediately following testing. 

Continuously recorded process parameters for the tested incinerator are: 

1 .  Gas temperatures at: 

a) lower furnace control thermocouple 

b) furnace throat 

c) boiler top temperature 

d) boiler inlet and outlet 

e) economizer outlet 

f )  

g) ESP inlet 

h) stack 

Boiler steam characteristics: temperature, flow and pressure 

Boiler feed water characteristics: flow and temperature 

Spray water characteristics: flow, temperature & pressure 

Atomizing air pressure & flow 

conditioning section inlet and outlet 

2. 

3. 

4. 

5. 
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6. Incinerator draft 

7. 

8. Stoker operating characteristics 

9. Acid Gas Reagent feed rate 

10. Activated Carbon feed rate 

Opacity, other CEMS (CO) and PEMS (NO, & SO,) data 

3.3.8 Sample Chain of Custody arid Shipment 

Shipping of samples to the Analytic Laboratory will be performed in such a manner that the in- 
tegrity and identity of the sampIe will be maintained. A chain-of-custody form will be completed 
by the individual shipping the sample to document sample transfer in the field and from sampling 
personnel to the laboratory. The original copy will accotnpany the samples and a copy retained by 
the Testing Contractor. 

, , 

The Principal Investigator will review all forms to ensure that they have been completed correctly 
and accurately. Any oinissions or errors will be identified, corrected and a revised copy for- 
warded to the appropriate laboratory. 

Test Contractor personnel will coordinate the packing and shipment of all samples. They will 
maintaiqthe Master Sample List. The assigned person will verify that all samples are properly 
sealed, liquid levels marked, labels firmly fixed to the container and that samples are stored prop- 
erly to maintain its integrity. The Principal Investigator will verify and retain copies of all ship- 
ping documents. 

Upon receipt at the laboratory, the form will be cross-checked by the laboratory personnel with 
the samples received to ensure all samples listed on the form have been received and their integrity 
maintained (i.e., no cross-contamination, leakage or breakage occurred). The bottom of the form 
will be signed and copies forwarded to the Principal Investigator and Testing Contractor. 

3.4. ANALYTIC PROCEDURES 

The analytical procedures and instminental methods to be used on the samples colIected during 
the testing program are summarized in Table 3-7. A brief outline of analytical and QC procedures 
are provided. The Analytic Laboratory will be responsible for analyzing all train samples. TCLP 
analyses of combined residue samples will be performed by the Utah Certified Laboratory that 
routinely performs the Host Facility's TCLP analyses. 

3.4.1 Trace Metals (Method 29) 

The analytical procedures for measuring the trace metals in samples collected by the Method 29 
train samples are based on ana lyz in~  the metals formed upon dissolution of the metals in the im- 
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Metals 

I 
I 

pinger. reagent and digestion of the metals associated with the particulate fraction. The sample 
preparation scheme by acid digestion (using HF and HNO,) for the train components is illustrated 
in Table 3-8. 

~l Mercury 

After a sample has been digested, it is aspirated into the plasma discharge of the Inductively Cou- 
pled Argon Plasma (ICAP) unit are atomization and electronic excitation occur and radiation is 
emitted. The energy of the radiation is indicative of a specific element and the intensity of the ra- 
diation is directly proportional to the amount of analyte present. ICAP methods are relatively Eree 
of matrix problems but do suffer from spectral interferences when a very low concentration of one 
element is being measured in the presence of a high concentration of another. 

Hydrogen /I Chloride 

Inductively-coupled argon plasma emission spectroscopy (ICAP) analysis of the sample extracts 
will be ped5orrned for all metals except mercury. Mercury will be determined by cold vapor atomic 
absorption. 

~ ~ _ _ _ _ _ _ _ _  11 Dioxins and I High resolution gas chroInatography/high 

Table 3-7 Analytical Methodologies for Stack Samples 

Furans 

Particulate I Material 

resolution mass spectrometry (high resolution 
GCMS)  

I Gravimetric 

Inductively Coupled Plasma Atomic Evalua- 
tion Spectroscopy ( 1 0 ) :  
Cd. Pb 
Cold Vapor Atomic Absorption (CVAA) 

Ion Chromatography (IC) 

REFERENCE 

Method 5 

Method 29 & SW- 
846 6010 

Method 29 & SW- 
846 7470 
EPA Method 26 

EPA Method 23 & 
SW-846 8290 
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Table 3-8 Inorganic Sample Preparation Methods (Train Samples) 

I. 
2. 

3. 

4. 

5 .  

Desiccate and weigh the filter 
Reduce and weigh (acetone probe rinse) 
a) 
b) 
Place the solids sample into the bomb (along with the particulate catch), add 5 mL aqua, 
and digest with gentle heating to 40°C 
a) Dilute to volume and analyze portions for mercury (CVAA) and metals (ICAP). 
b) Record analytes as total weight 
Nitric acid impinger solutions and rinsings 
a) Combine all portions and obtain volume by weight 
b) Split 50 JXL for mercury analysis taking the remaining sample volume for other 

metals as described below. 
c) Acidify to pH 2 with HNO, 
d) Reduce volume to about 35 mL 
e) Add 7 mL, aqua regia and permangate and microwave for 10 min or digest for 2 hr 

at 95°C 
f )  Dilute to volume (50 d) 
g) Analyze for trace metals 
Acidified KMnO, impinger solutions and rinsings 
a) Determine volume by weight 
b) Remove an aliquot for mercury analysis as outlined below 
c) Add 3.0 mL concentrated sulfuric and 1.5 concentrated nitr ic acid to a 50 mL 

sample 
d) Heat for 2.0 hours on a water batch at 95°C maintaining excess permanganate 

oxidant 
e)  Cool to room temperature 
f) Add 1.0 mL of 20% hydroxylamine hydrochloride solution (or more with the so- 

lution is colorless) 
g) Dilute the sample with 50 mL of 5% H2S04/2.5 % €€NO3 and analyze by CVAA. 

Transfer to a tarred Teflon bomb and evaporate to dryness 
Cool to ambient temperature in a desiccator and weigh the "particulate catch" 

Analysis of mercury by cold vapor atomic absorption involves reduction of the oxidized forms of 
mercury in the sample followed by purging of the mercury into the absorption cell. 

At least one duplicate and one spiked sample will be analyzed with every 20 samples to verify 
precision of the method and one QC sample (mid point of calibration curve) with every 10 sam- 
ples. Matrix spike samples (one of each with every 10 samples) will be performed to document 
the effect of the sample matrix on the analysis. Duplicate sample analyses (one with every 10 
samples) will be performed to determine analytical precision and method blanks will serve to as- 
sess the degree of background contamination. 
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Separate analytic results will be reported for front-half, back-half and potassium pennanganate 
impinger catches. Analytic results will be reported in accordance with ASTM D 4210-83; that is, 
results less than 3 blank standard deviations (instrument noise) will be reported as BDL and those 
between the BDL value and the LQL (laboratory quantification limit or I0 blank standard devia- 
tions) will be reported as EMC (estimated maxiinurn concentration or Tentative). 

3.4.2 Trace Organic Coinpounds 

The analysis of trace organic compounds by GCMS a highly specialized procedure involving a 
complex series of extraction and clean-up procedures. The approach in analysis of the organic 
compounds involves the use of selected ion monitoring (SIM) GGMS. EPA Method 23 (High 
resolution GC/MS) specifically will be used for PCDD and PCDF analysis. 

One analysis per train will be performed. The filter section and resin will be extracted separately 
and combined prior to dean-up. Based on laboratory experience, the following modifications are 
proposed: 

a) toluene is substituted for benzene as a solvent; and 

b) for solvent exchange into hydrocarbon solvent, toluene replaces hexane. 

This protocol for analysis of the trace organic samples contains analytical criteria for confirmation 
of PCDDE, quantitication procedures, and Q N Q C  requirements for analytical data, which are 
described below. 

To monitor the extraction, clean-up, and analysis of trace organic samples, labeled surrogates will 
be added to field sainples, field and laboratory blanks, and matrix spikes prior to extraction. One 
set of labeled surrogates will be added in all the Soxhlet extraction steps. A second set of the la- 
beled surrogates will be added to impinger samples from the Method 23 train during extraction. 

According to the EPA protocol, recoveries for surrogate compounds should typically be in the 
range from 60 to 40%. Since these surrogates can be used to adjust the results for native PCDD’s 
and PCDF’s, low recoveries do not invalidate the data, but do result in higher than desired detec- 
tion limits. 

The surrogates are shown below, and target recoveries for these are 70 to 130% with the preci- 
sion of blind duplicates analysis as 6 50%. 

Dioxins and Furans 

I 

2,3,7, S-TCDD-”C12 
1,2,3,7,S-P eCD D- *-‘C 
1,2,3,6,7,S-HxCDD-”C12 
1,2,3,4,6,7,8_HpCDD-”C1~ 
O C D D - ~ ~ C ~ ~  
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The following internal standards will be used: 

PCDDPCDF - 1 ,2,3,4-TCDD-'3C12 and 1,2,3,4,7,8-H~CDD-'~C~~ 

Field spiking of the XAD-resin prior to sampling will be performed at Analytic Laboratory. Each 
resin cartridge will be spiked with: 

C14-2,3,7,8-TCDD 
C12-1,2,3,4,5,7,8-HpCDF 

37 

13 

A criterion for validating analytical data will be demonstration that the extraction and clean-up 
systems are free of contamination. Method blanks and matrix blanks will be analyzed with every 
other extraction to demonstrate contamination below the target minimum limits of detection. 

Corrective a c t i o t i  fo r ex cess ive co 11 t a 111 i 11 r2 t i o 11 (concen t ra t i on above minimum detect able lev- 
els) found in the laboratory blanks will be based on discussions with the Principal Investigator on 
a case-by-case basis. The corrective action may include blank correcting all analytical results. 

The following analytical criteria will be used for confirmation of the target trace organic corn- 
pounds. 

1 .  GC/MS retention time of specific trace organic isomers available; 

2 .  GUMS retention time window of respective trace orsank series of isomers based on 
standard mixtures; 

3. chlorine isotope ratios of inolecular ions of trace organic isomers with 
values determined from the external standards; 

15% of the 

4. responses of trace organic masses greater than 2.5 times the signal-to-noise ratio; 

5. a five point calibration (RRF) must have a standard deviation of 25% or less to be 
valid; and 

Corrective action for discrepancies in the confirmation criteria will require reanalysis of the sam- 
ples. If the criteria are not met after reanalysis, the confirmation of specific isomers will not be 
considered valid. 

Once the trace organic compounds have been identified and confirmed by the procedures de- 
scribed above, quantitation of the compounds will be made by comparison of the response factors 
of the sample analytes to the response factors of unknown amounts of native trace organic com- 
pound external standards. 
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3.4.3 Halogen (HCI) Aiiniysis Procedures 

HCi will be determined using ion chromatography. Aqueous impinger solutions will be injected 
into a stream of 4-hydroxybenzoic acid elutent prior to entering a separation column where the 
anions present are separated based on their relative affinities for the strong base anion exchangers. 
The separated anions are measured on a conductivity detector and identified based on their reten- 
tion time relative to known standards. Quantification is based on peak area using electronic inte- 
gration. Calibration curves will be composed of a blank and a minimum of three standards. Du- 
plicates QC samples and check standards will be run with every group of ten samples. 

3.4.4 Particulate E 111 is s i o 11 s 

Particulate samples (front-half acetone rinse and the filter) collected from the particuIate/rnetals 
train will undergo gravimetric determination prior to metals analysis. The gravimetric analysis 
will follow the procedures outlined in Method 5. The graviinetric analysis requires measuring the 
weight gain on the particulate filter and the residue left over in the acetone rinse of the front-half 
train components. The gravimetric analysis requires desiccation of the samples prior to weight 
determination. Samples are weighed to a constant weight of 0.5 rng. When gravimetric deter- 
minations are completed, the samples will be forwarded to the inorganic laboratory for metals 
analysis. 
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4. APPROACH TO QMQC 

The overall objective of the sampling and analysis effort is to provide data that are precise, accu- 
rate, comparable, representative and complete. The definitions for these criteria and how compli- 
ance with them will be assessed are described below. 

The two aspects of data quality of primary concern are precision and accuracy, Precision, as de- 
fined in "Guideline and Specifications for Preparing Quality Assurance Project Plans'' (V.S. EPA 
QAMS-005/80), is ''a measure of mutual agreement (or variability) among individual measure- 
ments of the same property, usually under prescribed similar conditions". Various measures of 
precision exist depending on these conditions. This term is independent of the error (accuracy) of 
the analyses and reflects only the degree to which the measurements agree with one another, not 
the degree to which they agree with the "true" value for the parameter measured. 

Quality control procedures, such as control sample analyses and replicate analyses, represent the 
primary mechanism for evaluating measurement data variability or precision. Control sample 
analyses are used to define repeatability, replicate analyses are used to define analytical replicabil- 
ity, and results for replicate samples may be used to define the total variability (replicability) of the 
sampling/analytical system as a whole. QC objectives for laboratory control samples (prepared 
QC standards) and duplicates are outlined in Table 4-1. 

The Q N Q C  objectives for precision, accuracy and completeness established for each major com- 
pound measured are considered guidelines. For a measurement system, if all QC data meets these 
objectives, the test results are judged as having acceptable quality+ When specific QC criteria are 
not met, the data will be flagged and the acceptance left to the technical judgment of the data 
user. 

The QMQC objectives for precision, accuracy and completeness established for each major COM- 

pound measured are considered guidelines. For a measurement system, if all QC data meets these 
objectives, the test results are judged as having acceptable quality. When specific QC criteria are 
not met, the data will be flagged and the acceptance left: to the technical judgment of the data user 
and the regulatory agency. 



E T R O F I T  OF WASTE-TO-ENERGY FACILITIES WITH ESP's 
TEST PROTOCOL 

Revision 1 
September 22. 1995 Section 4-2 

PRECISION3 
(% Difference) 

Table 4- 1 Analytical Objectives for Laboratory Quality Control Samples (Guidelines) 

ACCURACYb 

(%) 
PAWLMETER 

Trace Organics: 

Trace Organic train 
Solids (ash and filters) 

1% of the total particu- 
late' weight or 0.6 mg, 
whichever is greater 

Gravimetric Analysis rt 0.5 mg' 

Metals 

Aqueous (impinge r so I ut  i o ns) 
Solids (filters and fly ash) 

< 50 
50 

5 0 -  120 
50 - 120 

< 20 
< 20 

8 5 - 1 1 5  
7 0 -  130 

< 20 9 0 -  100 Aqueous (impinger solutions) 

a) Expressed as the percent difference between replicate measurements of similar labora- 
tory controi samples (i. e., prepared QC standards and duplicatedreplicate analysis). 

b) Expressed as the measured versus the expected value of laboratory control samples. 

c) Constant weight procedure for Method 5. 

I , .  



RETROFTT OF WASTE-TO-ENERGY FACILITIES WITH ESP’s 
TEST PROTOCOL 

Revision 1 
September 22. 1995 Section 4-3 

v 

MEASUREMENT PIECISION (RSD) AOCWCY’ COMPLETENESS 
(%) (%) (%) 

Continuous Methods 

Oxides of nitrogen f 20 15 95 

S u h r  dioxide (UV) 20 15 95 

(Chemiluminescence) 

i 

Table 4-2 QA Objectives for Precision, Accuracy, and Completeness for Sampling Measure- 
men t s (Gu i d el i n es) 

RSD - Relative Standard Deviation of replicate analysis of calibration gases. 

4.1 CALCULATION OF RESULTS 

All process parameters will be monitored by the plant DCS during each test run. This data will be 
provided to the testing team for inclusion in their report. 

Additionally, CEMS measurements taken during the tests by the plant’s system wilI be acquired 
for data collection and reduction. CEMS data to be acquired from this system will include: 

Opacity Monitor: 
Carbon Monoxide Monitor: 
Oxygen Monitor: 

measures opacity in the stack 
measure concentration in the stack 
measures concentration in the stack 

Data from the Testing Subcontractor CEMS will be reduced after each run and submitted for re- 
view by the Principal Investigator and the QNQC team. This will allow the determination of the 
leveI of success that was achieved the previous day with respect to the selected objectives (i.e., 
isokinetics checked daily by external QNQC). 

Data processing involves reexpressing the data retrieved during the test runs into a more meaning- 
ful form, e g ,  producing suitable averages (15 minute, 1 hour and run averages corresponding to 
each manual test from the 15 minute averages). During this procedure and upon examination of 
the results, any problems anomalous results will be noted and recorded on the data sheets. 

All data coIIected by the data acquisition system and by hand will be stored and standardized to 
reference conditions using spreadsheets in a micro-computer program. Data analysis will be done 
using bench-marked statistica1 analysis programs. For this effort, SPSS-PC‘ has been chosen. 
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Standardized forms will be used for field data collection. The data collected wilI be reviewed in 
the field by at least one field crew member. Errors and deviations will be noted in the field book. 
The field book will also be reviewed by the QNQC team member each night and any serious 
problems will be documented in the daily on-site QNQC reports and the final QNQC report. 
Isokinetics will be done daily and checked by QNQC. 

Analytical results will be reduced to concentration units as specified by the analytical procedure, 
using the corresponding equations provided by the analytical procedures. The analytical data will 
be reviewed, summarized and filed. The data sheets will also be reviewed by a member of the 
sampling team and any discrepancies will be documented as annotations on the data sheets. ' 

At Analytic Laboratory, all instruments collect and store the analytical data generated in micro or 
mini computers. The raw and calculated data are retained both electronically and as a hard copy. 
Data from some instruments (Le., ICAP, GCMS), directly transfer the calculated results to the 
Laboratory Information Management System (LIMS). Some data (i.e*, particulate catches) are 
manually entered into the LIMS at a terminal. Transcriptions of GUMS data to the LIMS com- 
puters are performed by one analyst and verified by a second analyst. 

Ail analytical data is reviewed by Analytic Laboratory's scientist in-charge and the project man- 
ager. Analytic Laboratory LIMS contains limit values for all routine tests. Review and sign off 
are required when limits are exceeded. 

Analytic Laboratory will provide an electronic copy of the analytical data as well as a hard copy 
report. 

4' 

I ..- 

All data from the manual sampling trains will be input to the field computer system and processed 
daily. Laboratory data will be included in the data base as they become available following the 
test program. The moisture results from manual trains will be used to correct any wet measure- 
ments to dry basis. 

Data validation is a systematic procedure of reviewing data against a set of established criteria to 
provide a level of assurance of its validity prior to its intended use. The data wiIl be coded either 
valid or invalid depending on the adherence to quality control criteria. 

Field sampling data will first be validated by the Field Team Leader and external QNQC based on 
their judgment of the representativeness of the sample, maintenance and cleanliness of sampling 
equipment, and adherence to approved, written sample collection procedures. The technical staff 
and the external Q N Q C  team wilI also validate the data on a daily basis on-site based on the fol- 
lowing additional criteria: 

+ process conditions during sampling or testing; 

+ adherence to the control limits; and 

+ acceptable external performance evaluation and technical systems audit results. 
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Data summary sheets will be created using computer spreadsheets, thus ensuring easy modifica- 
tion of format to suit subsequent reporting requirements. Summary sheets will be filled out at the 
end of the test, presenting all pertinent test parameter results for both manual field sampling and 
computer monitored instrumentation. The summary sheets will present, but not be limited to, the 
following data: 

+ critical process parameters; 

+ flue gas analysis for the continuous monitoring equipment; 

+ parameters associated with process sampling, including sample weight and sampling dura- 
tion; and 

+ parameters associated with the manual sampling trains, including sampling irregularities or 
sample recovery problems, maximum leak check rate, total sample volume, moisture, flue 
gas flow and temperature and isokineticity. 

The stack test report will include: 

+ Sampling locations description 

+ Sampling equipment description 

+ Outline of test procedure for each tested contaminant (flow measurement, stack tem- 
perature measurement, stack gas composition, sampling equipment preparation, sam- 
pling methodology, sample handling, sample recovery, sample analysis, and sampling 
and analytical Q N Q C  activities) 

+ Uncorrected and corrected to 7% Q2 sample volumes and quantitation of the organics 
and metal captured by the sampling trains 

+ Uncorrected and corrected CEMS data senerated by the Testing Contractor 

+ Instrument calibration records, procedures and frequencies 

+ SarnpIing and analytical QA/QC records - summarize by contaminant including a dis- 
cussion of the significance of any deviation 

+ Presentation of Chain-of-Custody records 

+ Presentation of all other activities of the implemented QAPP 

+ Comment on Factors that should be considered when interpreting the test results 
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4.2 INTERNAL QUALITY CONTROL 

This section describes the internal quality control methods which will be implemented by Testing 
Subcontractor and the Principal Investigator during testing. All internal quality assurance and 
quality control procedures will be strictly adhered to during this test program to ensure the pro- 
duction of usehl and valid data throughout the course of the project. 

The acceptance criteria, control Iimits, and corrective action that will be followed are summarized 
in Table 4-3. 

All values which fat1 outside the QC limits will be noted. The following guidelines will be used: 

1. All recovery data will be evaluated to determine if the QC limits are appropriate and if a 
problem may exist even though the limits are being achieved (e.g., one compound that is 
consistently barely within the lower limit). 

AIl recovery data which are outside the established limits will be evaluated. This evalua- 
tion will include an independent check of the calculation. 

Corrective action will be performed if any of the following are observed: 

a) 

b) 

c) 

2. 

3. 

all recovery values in any one analysis are outside the established limits; 

over 50 percent of the values for a Qiven sample set are outside limits; or 

one compound is outside the limits in over 50 percent of the samples. 
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Table 4-3 Summary of Acceptance Criteria, Control Limits, and Corrective Action 

Criteria 

Manual Sarnpli ng 

Flow Alignment 

Isokiiieticity 

Final Leak Rate (after each port) 

Dry Gas Meter Calibration 

Individual Correction factors (YJ 

Average Correction Factor 

Analytical Balance (top loiidcr) 

Barometric Pressure 

CEM Measuremeii ts 

Linearity Multipoiiit Calibration 

Daily Drift (zero and span) 

Sampling System Bins Check 

Avg. cycloiie check resultant angle 
within 10" 

loof  10% 

<O.U2 acfiii or 4% of sanipIiiig 
rate. wliichevcr is less 

Post avcrage factor (Y) agree f 5% 
of pre-fixlor 

Agree within 2% of average factor 

1.00 f 5% 

0.1 g of NBS Class S Weights 

Withiii 2.5 tiiiii Hg of a niercuq'- 
i 11-g lass baroine ter 

R > 0.995 

klO% of span escept SO: 
rtljO/, of span 

~ 

Corrective Action 

None. invalidate run 

Adjust saiiiple vofuiiies using the Y 
that gives siiiallest volume 

Redo correction factor 

Adjust tlic d n  gas meter and recaIi- 
brilte 

Re pai r bal ii 11 ce and r e d  i brat e 

Recal ib ra te 

Adjust instrument, redo iiiuitipoirit 

Data not adjusted 
Adjust assuniing linear drift 
Reject data 
Perform nia in t ellame 

Check heat tracing and sample 
couditioner andor  clean sample line 
and/or saniple conditioner 
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Table 4-3 Summary of Acceptance Criteria, Control Limits, and Corrective Action (Cont'd) 

Criteria 

Stratification check 

Trace Metal AIialvticaI Results 

lnstruriient Calibration Standard 
Check (every 10 samples) 

In st IU iiien t Ca I i b rii t io 11 
Check (every 10 samples) 

B 1 ;i ilk 

Instrumeiit Interference Clieck 
(before and after every analytical 
run or at least once e v e n  four 
hours) 

DupIicate (every 10 samples) 

Duplicate Matris Spike Recovery 
(every 10 saniples) 

Trace Organic Anal\iticat Results 

Internal Standard recoveries 

Surrogate Recoveries 

Verification of Identifica tioil 

1) h t i o  of Quantitatioii Ion to 
Co nfi r mat i o 11 lo 11s 

Control Limits 

Vertical traverse with each point 
with 10% ofaverage of all points 

Vaciiuiii 20" - let stand 15 mi, 

niust not drop below 3" to be ac- 
ce p t a bl e - a 1 t e rIia tive 1 y 
Vacuuiii at liigliest level duriiig 
sampling 0- I00 cc rotameter 
@I p i m p  outlet ieak < 1% no\\. or 
< SO cc/uiiii (Icsser) 

f 10% of tnie valtie 

f 3 tiiiies \he skindard de\kitioii of 
the 111e:iii blank valiie 

f 20% of tnie value 

f 20% reIative percent difference 

rt 20%) of tnie value 

100 5 30'X 

100 f 30% 

Within 15% of value. determiiied 
duriilg analysis of standard coin- 
poi I 1 ~d s 

Corrective Action 

Use point of average concentration 

Locate and repair leak, recheck leak 
on negative side of system during 
test period reject data. Leak on 
positive side. Review data and 
judgnieiit made by esteriial QNQC 

Locate mid repair leak, recheck. 

R e d  i b ra t e 

Identify and correct problem, recali- 
brate and reanalyze previous 10 
sainples 

Reverify interelenient and back- 
ground correction factors 

Save residue and re-estract and re- 
analyze 
No action 

Reconsider peak identification 
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Table 4-3 Summary of Acceptance Criteria, Control Limits, and Corrective Action (cont'd) 

2) Retention Time 

3) Signal to Noise Ratio 

Sample Glassware Proofing 

Duplicates 

Anion Analvtical Results 

Duplicates (every 10 saniples) 

Internal Audit Sainpfe 

Linearity of Calibration Curve 

Weighing 

Scales 

Within 3 seconds of the corre- 
spoiidiiig or nearest 13C inknial 
standard or surrogate s taridard 
(with refererice to coiitiiiuiiig cali- 
bration) 

Greater than 2.5 

Percent diffiereiice < 50% 

Perceiit diflerence <IU% 

Re1;itive error f 0% of audit 

R > U.995 

Precision ;MI accuracy within 1 U1!4 

Corrective Action 

Reconsider peak identification 

Reconsider peak identification 

Reclean glassware 

Rennal yze 

Reanalyze 

Reanalyze 

Redo calibration 

Repui r ancl/o r recnlib rate scale 

Control limits are established based 011 prcvious test progriiliis conducted by the USEPA 
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The following general pretest QC criteria must be satisfied for the manual sampling methods: 

1 .  

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

12, 

13. 

14 

15 

16 

All sampling equipment will have to pass through a visual and operational check prior 
to and after shipment to ensure clean and operable parts, At no time will equipment 
that fails to pass this check be used in the field. 

Only a magnahelic gauge (calibrated against an oil-filled manometer gause) or an oil- 
filled manometer gauge that has been properly leveled and zeroed (no drift allowed) 
will be used to measure the pressure across the S-type pitot tube. 

A run will be considered acceptable if the proper number and location of sampling tra- 
verse points have been sampled (Method 1). 

The temperature ineasureinent system must be capable of measuring the ambient tem- 
perature prior to each traverse to within f 2'C of the average measured ambient tem- 
perature. 

The number and location of the sainpling traverse points will be checked before taking 
measurements. 

All sampling data and calculations will be recorded in ink on preformatted data sheets. 

Any unusual occurrences will be noted during each run on the appropriate data form. 

The Field Crew Chief will review all calibration (Le., calibration data) and sampling 
data forms daily during testing. Data that is incomplete or inaccurate will not be con- 
sidered accept able. 

Flue gas measurements will be recorded in ink on preforrnatted data forms at least 
once every three minutes. 

Only tapered edge sampling nozzles and S-type pitot tubes that have passed a visual 
and caliper inspection will be used for sampling. 

Each leg of the S-type pitot tube must achieve an acceptable leak check. No change in 
the differential pressure gauge reading should occur. 

The entire sampling train intist meet a leakage rate of less than or equal to 0.02 ft'/rn 
or 4% of the average sampling rate (whichever is less) before and after any move from 
one sampling port to another during a run or if a component change takes place. 

The S-type pitot tube and the sampling nozzle must be maintained at 90" to the flow 
during sampling. 

The filter compartment must be maintained at 120°C =t 14°C during sampling. 

Readings of the dry gas meter, delta P, delta H, temperature, and pump vacuum must 
be made at least twice during sampling at each traverse point. 

Isokinetic sampling rates must be maintained to within * 10 percent of the duct veloc- 
ity, othenvise, the run wilI be considered invalid. 
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For the trace organic sampling, the following additional QC criteria specific to the sampling 
method will be used: 

1. Only proofed glassware and prepared sorbent traps that have been kept closed with 
ground glass caps or precleaned foil will be used for the sampling trains. 

2. Only solvent extracted filters that have been stored in precleaned glass petri dishes 
sealed with Teflon tape will be used for the sampling trains. 

3. Only pre-extracted XAD-2 resin will be used in the sorbent traps. 

4. The flue gas entering the sorbent trap must be maintained and recorded at or below 
20°C during sampling. 

5. At least one field blank iiiiist be collected for every 3 runs to evaluate any background 
Contamination. Runs are not blank corrected. The acceptance criteria for contamina- 
tion levels in the blanks is at or below the detection limit of the analytical method used 
for a particular species of interest. 

Continuous monitoring for SO2, CO and, NO, will be performed using the various instruments. 
Quality control procedures for all instruments will be identical. The primary control check for 
precision of the continuous monitors will be analysis of control standards. The control standards, 
which will be certified (f.2% accuracy) by the gas manufacturer, will be introduced at the probe 
and then directly into the analyzer. The acceptance criteria for the control standard determina- 
tion will be agreement within i 10 percent of the overall (running) mean for previous analyses. 
Results of the control sample analyses for all parameters will be tabulated in a bound laboratory 
notebook. 

Prior to set up  on-site, a four-point (zero plus three upscale) calibration wiIl be performed on each 
instrument to provide a linearity check. The acceptance criteria for the linearity check will be a 
correlation coefficient, r <0.9950 for all the Testing Contractor’s continuous monitors with a lin- 
ear response; Host Facility CEMS will meet Appendix F criteria. In addition, reproducibility 
checks and zero/span drift checks will be conducted. 

Adter sampling each day, zero and span gases will be introduced into the instruments to check for 
drift. No adjustments to the zero and span settings will be permitted during testing. 

The following corrective action will be taken if a drift is noted: 

f 5% of span 
f 5% to < 20% of span 
> 20% of span 

data not drift corrected 
adjust data assuming a linear drift. 
reject data. 

ARer two consecutive days with a drift greater than f lo%, the instmivents will be serviced 
and/or repaired. 
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The CEM sample lines and pumps will also be leak-checked (on negative side of system) before 
and after each test day. Leaks will be eliminated prior to the start of sampling and any leaks de- 
tected at the conclusion of testing will be reported. This wil1 be performed by pressurizing the 
system to 15" Hg. Sealing the system and monitoring pressure drop over 15 min. 

All CEM calibration data will be recorded and logged by the Testing Contractor and reviewed by 
the auditor. 

All analyses for this program will be performed using accepted laboratory procedures in accor- 
dance with the specified analytical protocols. Gas standards used for quantitation will be certified 
standards (k 2 percent accuracy). Adherence to prescribed QC procedures will ensure data of 
consistent and measurabf'e quality. Analytical quality control will focus on the use of control 
standards to provide a measure of analytical precision and accuracy. Also, specific acceptance 
criteria are defined for various analytical operations, including calibrations, control standard 
analyses, drift checks, blanks, etc. 

1 

The following general QC procedures will be incorporated into the analytical effort: 

1. The on-site Testing Contractor's team leader will review all data and QC data on a 
daily basis for completeness and acceptability. 

2. A master logbook will be maintained. 

3 .  Analytical QC data will be tabulated using the appropriate charts and forms on a daily 
basis. 

4. Copies of the QC data tabulation will be submitted to the external QNQC team ful- 
Iowing the test. 

5 .  A11 hard copy raw data (Le., chromatograms, computer printouts, etc.) wilI be main- 
tained in organized files. 

Specific analytical QC procedures for each of the instrumental analyses and the analyses of Sam- 
ples collected by manual methods are discussed below. 

The analysis of samples for trace metals will involve sample digestion followed by ICAP analysis 
(Pb and Cd) or CV AA (mercury). The analytical quality control for the trace metals analysis will 
include the following: 

1. Instrument calibration standard analyzed with every 10 samples will be within 10% of 
the true value. 

2. Instrument calibration blank check sample analyzed with every 10 samples will be 
within three times the standard deviation of the mean blank value. 

3. Instrument interference check sample for TCAP analysis will be analyzed before and 
after each analytical r u n  or at least once every four hours. The value(s) found for the 
interference check sample will be within f 20% of the true value. 
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4. Duplicate sample analysis will be performed with every 20 samples, and valid results 
will be required to have a relative percent difference of less than f 20%. 

5. Duplicate matrix spike recovery samples will be analyzed with every 20 samples, and 
the results will be within 20% of the true value. 

Analysis of samples for anions will involve ion chromatography. The analytical quality control for 
analysis will include the following: 

1. Calibration check sample analyzed with every 20 samples or after an eluent change will 
be within 10% of the true value. 

2. Blank check samples (analyzed at the beginning and end of each analytical run) must 
be below the detection limit. 

3. Duplicates of 10% of the field samples will be analyzed, and valid results are required 
to have a relative percent difference of less than =t 10%. 

4. A matrix spike sample will be analyzed with every 20 samples to confirm the identity 
of the anion. The results of the matrix spike sample must be within 10% of the true 
value. 

The analysis of samples for trace organic compounds will involve complex sample extraction and 
cleanup, followed by HRGC/HRMS analysis. The analytical quality control for the trace organic 
analysis will include the following: 

1. Surrogate standard recoveries must be reported with all field data. 

2. The verification of a trace organic target compound requires that the ratio of the 
quantitation ion to the confirmation ions be within 20% of their values determined 
durins analysis of the external quantitation standard. 

3. The verification of individual isomers requires a HRGC retention time within three 
seconds of the corresponding or nearest 13°C internal standard or surrogate (with ref- 
erence to continuing calibration). 

4. The signal-to-noise ratio for any individual isomer must be > 2.5. 

5 .  The results from duplicate analyses must have a percent difference < 50%. 

The analysis of samples for mercury will employ cold vapor atomic absorption spectroscopy. The 
analytical qudity control procedures for mercury analysis will include the following: 

1. Instrument blank check samples will be analyzed before and after each analytical run, 
and the results will be within 3 times the standard deviation of the blank sample. 

2. Instrument catibration check samples will be analyzed with every 15 samples and must 
be within 10% of the true value. 

3. Duplicate sample analysis will be performed with every 10 samples, and the results 
must liave a relative percent difierence of less than f 20%. 
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4. Matrix spike duplicate samples will be analyzed with every 10 samples, and the results 
must be within 20% of the true value. 

All data and/or calculations for flow rates, moisture contents, isokinetic rates, and pollutant con- 
centrations made using computer programs will be validated by independent checks. In addition, 
a11 calculations performed by hand will be spot checked for accuracy and completeness. 

In general, all measurement data will be validated based on the following criteria: 

1. On completion of testing, the field crew chiefs will be responsible for preparation of a 
complete data summary including calculation results and raw data sheets. 

2. During testing, the field test crews will prepare daily summaries and submit them to 
the on-site Principal Investigator. 

The field crew chiefs will be responsible for providing the Principal Investigator with a summary 
of all QC data collected. The test program reports will include separate QNQC sections which 
summarize any audit results, as well as the QC data collected throughout the duration of the pro- 
gram. QC reports will address the following: 

1. summary of activities and general program status; 

2, summary of any corrective action activities; 

3. status of any unresolved probleins; 

4. assessment and summary of data completeness; and 

5. summary of any significant QMQC problems and recommended and/or implemented 
solutions not included above. 

4.3 DATA QUALITY INDICATORS 

A quality assurance audit is an independent assessment of a measurement system. It typically in- 
cludes a performance evaluation using apparatus and/or standards that are different from those 
used in the measurement system. It also may include an evaluation of the potential of the system 
to produce data of adequate quality to satisfy the objectives of the measurement efforts. The in- 
dependent, objective nature of the audit requires that the auditor be functionally independent of 
the sampling/analytical team. 

During a given testing period, the QNQC team and Principal Investigator will be on-site to per- 
form independent performance and system audits. The QNQC personnel will: 

Observe procedures and techniques being used in the various measurement efforts, in- 
cluding field sampling and laboratory operations. 

+ Check and verify records of calibration. 

+ Assess the effectiveness of and adherence to the prescribed QC procedures. 

+ 



RETROFIT OF WASTE-TO-ENERGY FACILITIES WITH ESP’s 
TEST PROTOCOL 

Revision 1 
September 22, I995 Section 4- 15 

+ Review document control procedures. 

+ Identify and correct any weakness in the sarnpling/analytical methods. 

The QMQC personnel will use the methods arid procedures described in tables 4-5 and 4-6 as ap- 
prop r i at e. 

Generally, the role of the QNQC team will be to observe and document the overall performance 
of each of the various sampling and analytical systems. Meter box audits will be conducted. 
Based on the audit results, the QNQC team may, as necessary, recommend corrective action at 
the project level, through the on-site. The systems audits will be used to determine compliance 
with this QNQC plan and to assess the overall quality of data collected during the measurement 
program. 

Generally, the role of the QMQC team will be to observe and document the overall performance 
of each of the various sampling and analytical systems. Meter box audits will be conducted. 
Based on the audit results, the QNQC team may, as necessary, recommend corrective action at 
the project level, through the on-site. The systems audits 

Table 4-5 QA Coordinator and Field Supervisor Pte-Test Q N Q C  Activities 

1. 

2. 

c) 

3 .  

4. 

5. 

6. 

7. 

Prepare (in conjunction with the project manager) the Quality Assurance Project Plan. 

Ensure that proper and complete equipment calibration has been performed, (manual 
trains, continuous analyzers and calibration gas). 

Ensure that ail sampling equipment (train components and sample containers) are 
property cleaned and proven for appropriate sample collection and analysis. 

Ensure that reagent and chemical quality checks are performed. 

Review, standardize and ensure completeness of all field data sheets (sampling data 
sheets) . 

Develop a chain of custody protocol for all samples and ensure that there is a number- 
ing scheme for all stack and process samples. 

Review all test procedures at the initiation of the program. 

will be used to determine compliance with this Q N Q C  plan and to assess the overall quality of 
data collected during the measurement program. 
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TECHNICAL SYSTEMS AUDITS A systems audit is an on-site qualitative review of the vari- 
ous aspects of a total sampling and/or analytical system to assess its overall effectiveness. It rep- 
resents an objective evaluation of each system with respect to its strengths, weaknesses, and po- 
tential problem areas. The audit provides an evaluation of the adequacy of the overall measure- 
ment system@) to provide data of known quality that are sufficient, in terms of quantity and qual- 
ity, to meet the program objectives. 

The objective of the system audit is to evaluate all components of a critical measurement system 
to determine their proper selection and use; these components include all on-site facilities, equip- 
ment, systems, record keeping, data validation, operation, maintenance, cdibration procedures, 
reporting requirements, and field and laboratory quality control procedures. 
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Table 4-6 Tasks Performed by On-Site QC Coordinator and Principal Investigator on 
a Typical Test Day. 

1. 

2. 

3. 

4. 

5 .  
6.  
7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
1.5. 

16. 

17. 
18. 
19. 
20. 

21. 
22. 

Meet with Most Facility personnel to confirm that the test condition and stable operation 
have been achieved. 
Ensure that proper and complete CEMS calibrations (and system checks) have been 
performed, documented and meet pre-test QC criterion. 
Observe operation of manual trains and ensure that manual train operators complete a 
QC checkIist. 
Audit data entry - review data to ensure all data has been entered correctly and com- 
pletely. 
Flag errors or omissions. 
Review manual train data for inconsistencies, errors and omissions. 
Review sainple recovery, inark liquid levels and ensure all samples are properly labeled, 
sealed and stored until shipping. Ensure that all Chain of Custody forms are filled out 
completely and accurately. 
Ensure appropriate field bias blanks, blank trains and reagent blanks are collected and 
shipped with the samples. 
Ensure that the sampling glassware are appropriately cleaned prior to usage. 
Maintain a QC and project log book. 
Chailenye the various ineasureinent systems with audit standards. 
Conduct meter box audits. 
Prepare summary reports describing the on-site Q N Q C  activities. 
Review daily CEbfS QC procedures. 
On-site preparation and review of the manual gas sainpling procedures (including all leak 
checks) during the tests to assess compliance with stated sampling protocol. 
Review sample handling, transport, and chain-of-custody procedures during the tests to 
assess compliance with stated protocol. 
Review QAPP with test team. 
Inspect coinmunication equipment and review procedures with test team and QA team. 
Review manual sampling equipment calibration records and inspect equipment. 
Inspect sainple recovery area and equipment and observe recovery procedures used to 
recover field samples and blanks. 
Spot check recovery of manual train samples (field blanks and actual). 
Review raw field data sheets for completeness and data reduction for accuracy. 

The specific QC procedures developed will be followed to ensure the continuous production of 
usefil and valid data throughout the course of this test program. These QC checks and proce- 
dures represent an integral part of the overall sampling and analytical scheme, and adherence to 
them will be the basis for the systems audit. 
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In addition to general QC procedures, specific QC protocols for each sampling method will be 
incorporated into the sampling scheme. These method-specific procedures and the technical sys- 
tems audit data forms are provided in the Appendix of this QAPP. These forms will be used by 
the external QNQC team to conduct on-site technical systems audits during the course of the test 
program. 

The systems audits will consist of observations and documentation of all aspects of the on-site 
sampling and analytical activities. Checklists that delineate the critical aspects of each methodol- 
ogy would be used by the auditor and will serve to document all observations. In addition, the 
systems audit will emphasize review of all record keeping and data handling systems associated 
with: I. 

1. 

2. 
3 
3 .  

4. 

5 .  

6. 

7. 

8. 

9. 

calibration of both instruments and apparatus; 

data forms and notebooks; 

data review and validation; 

data storage and filing; 

sample logsing; 

field laboratoiy custody; 

documentation of quality control data (control charts, etc.); 

docurnentation of field maintenance activities; and 

rnaI fu nct i o n report i ns procedures. 

PEWORMANCE EVALUATION AUDITS While the systems audit is a quaiitative evalua- 
tion, the performance audit represents a quantitative assessment of the measurement data quality. 
Properly designed, it  provides a direct, point-in-time evaluation of the accuracy of the various 
measurement systems. This is accomplished by challenging the measurement systems with ac- 
cepted reference standards for the parameters of interest. 

General Approach for Miinual S;mpling Methods. For the manual sampling methods, the 
performance audits for sample collection will be conducted prior to, at the midpoint of, and upon 
completion of the test program. They will also be conducted in the event of any equipment 
changes. Corrective action will be taken in cases where the results of an audit are not within the 
stated audit value range. 

To check sample collection, the dry gas meters will be audited with a critical orifice meter. The 
results should be within 5% of the audit value. The temperature sensors will be checked with an 
ASTM mercury-in-glass thermometer, and should be within 1.5% of the absolute measured tem- 
perature. The data for both audits will be recorded on the form provided in the appendix. 

A digital micrometer will be used to verify the measurement and reported value of the nozzles in- 
ternal diameter. At least three measurements will be taken from each nozzle and the difference 
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between the high and low measurernents sliouid not exceed 0.0I mm (0.004 in). The nozzles will 
also be visually inspected to ensure that they are tapered with sharp edges. 

Genera1 approach for data quaIity. Audits of data quality will be conducted using data quality 
indicators which require the detailed review of (1) t he  recording and transfer of raw data; (2) 
data calculations; (3) the documentation of procedures; and (4) the selection and discussion of 
appropriate data quality indicators. 

Some of the data quality indicators to be used are: 

1. cornparison of the measured volumetric flow rates from the different sampling loca- 
tions; 

2 .  comparison of the  control system’s instrumentation temperature readings with the 
manual methods readings; 

3, comparisons of the relative concentrations of the einissions at the different sampIing 
locations; and 

4. comparisons of these results with those from previous field test results from this site 
(i.e., are there any similarities). 

All noted deviations from this test protocol will be noted in the field logs of the  Testing Contrac- 
tor, the Principal Investigator and the Testing Contractor’s QA personnel. The steps taken to 
correct the deficiency, measures taken to prevent a recurrence and an assessment of any impact it 
may have on the result will be included. 

In the event that material deviations from this sampling protocol become unavoidable due to field 
extengencies, the Program Manager shaIl be promptly notified by telephone with telefax confir- 
mation. Testing shall be suspended for a period of not more than  2 hours to the Program Man- 
ager an opportunity to suggest alternatives and confer with the Subcommittee Chairman and 
Sponsor. 
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APPENDIX A 
DESCRIPTION OF FINAL REPORT 

Sections of the final report outlined in Table A-I will be written as early in the project 
process as they can. Once the data has been received, standardized, reduced, analyzed and 
interpreted, the complete report will be edited into a smooth, integrated whole. The re- 
port will conform to the NREL Style Guide. 

Given the target audience for this report, US MWC plant owners and operators, conven- 
tional US usage and units will be employed in the text. Components fabricated out of 
standard US components which have no exact metric equivalents (e.2.. 1.5 inch Schedule 
40 pipe) will be described in nominal units. However, inetric units are generally preferred 
and will provided in tables and in the text to the extent that readability is not overly im- 
paired. This will maximize tlie long term utility of tlie results and facilitate technology 
transfer to other countries and industries. 

As the field results are received from the Testing Contractor, data tables will be set up. 
All emissions test results will be reported in USEPA standard reference conditions (dry, 
68OF, 29.8” Hg, and 7% 02). The tables will be completed as results are received from 
the Analytic Laboratory. Criteria and Section 129 polhtants will be expressed in appro- 
priate regulatory units: Particulates, lead, cadmium and mercury in mg/dsm3; Dioxins and 
Furans in ng/dsrn’; Hydrogen chloride, Sulfur Dioxide and Oxides of Nitrogen in PPM. 
All other measurements will be expressed in conventional engineering units (i-e., dihent 
Oxygen in percent, gas temperatures in plant standard O F ,  spray water flow in gallons per 
minute, etc.). 

A master data spreadsheet will be utilized to make sure that the same numeric results are 
used throughout the analysis and report. This becomes particularly important if a field or 
laboratory error is  inc covered and corrected. When the mistake is corrected in one place, 
this approach ensures that it is corrected everywhere. 

Summary statistics will be generated in spreadsheets and detailed analysis and exploration 
of the data will be done in coininercially available statistical analysis packages (e.g. 
SPSSWC+ and SYSTAT) that have been checked against benchmark problems. 

It is anticipated that the blank train results will provide a reasonable estimate of method 
precision. Repeated condition analyses (the daily pairs) and condition replicate (the pair 
when the condition is repeated) should provide a reasonable estimate of control method 
performance uncertainty. Emission limitations for each test condition will be statistically 
derived from the average petforinance measured for each condition and accounting for the 
sources of variability listed above (method precision and performance uncertainty). These 
emission limitations will be coinpared to the promulgated 40 CFR 60, Subpart Cb Emis- 
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sion.Guidelines. If the Emissions Guidelines have not yet been promulgated when the re- 
port is written, the values in the most current draft will be einpioyed. 

The results of the Phase I effort wiIl be analyzed by focusing on two criteria: 

1. Were the Emissions Guidelines values achieved? 

2. Was the spray cooling system reliable and practical? 

The need for the work outlined in Phase I1 of the contract will be determined by the ability 
of the Phase I modifications (e.g., spray cooling, acid gas reagent injection and activated 
carbon addition) to achieve the Einissions Guidelines. If adequate dioxin control is not .. 

achieved, firther work is clearly indicated. In addition, if compliance with all standards .. 

except dioxin standards can be achieved without activated carbon addition, then the dioxin - 

killer/inhibitor approach should be investigated as an alternative. 

The need for Phase 111 to demonstrate sensible heat cooling depends on the spray cooling 
system reliabihty. Sensible heat coolers are comparatively expensive devices that can re- 
quire extensive facility modifications. Consequently, if the spray cooling system is reliable, 
it is unlikely that a ticility owner would elect to make the investment. On the other hand, 
the spray cooling system may only be reliable when extraordinary preventative mainte- 
nance efforts are employed. Under this circumstance, sensible heat cooling may be eco- 
noinkally attractive. A demonstration is indicated since spray dryer adsorber experience 
indicates that both flue gas moisture content and APCS operating temperature affect sys- 
tem performance. Even though MWC’s probably have suficient inherent flue gas mois- 
ture to effectuate the separation reactions, the validity of this assumption needs to be 
tested. Phase I11 will be recommended if the spray cooling system proves unreliable or 
requires excessive maintenance, 
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Figure A-1. FiIlill Report Outliiie. 

VOL. 10- REPORT 
1. EXECUTIVE SUMMARY 

2. INTRODUCTION 

3. DESCRIPTION OF TEST BED 
3.1. HOST FACILITY DESCRIPTION 
3.2. SPRAY COOLING SYSTEM DESIGN 
3.3. DRY FEAGENT INJECTION SYSTEM DESIGN 

4. QUALITY ASSURANCE PROJECT PLAN SYNOPSIS 
4.1. PLANNED TEST MATRIX gL ACTUAL SCHEDULE 
4.2. STACK GAS TEST PROCEDURES 
4.3. RESIDUE SAMPLING & TCLP ANALYSIS PROCEDURES 
4.4. QNQC (EPA LEVEL IV) PROCEDURES 

5. DATA REDUCTION MET€-IODS S: ANALYTIC PROCEDURES 
5.1. DATA STANDARDIZATION 
5.2. OUTLIER IDENTIFICATION Br MANAGEMENT 
5.3. BDL HANDLING 
5.4. DETERMINING THE SIGNIFICANCE OF CHANGES IN EMISSIONS 

BETWEEN TEST CONDITIONS 
5.5. ESTIMATING METHOD PRECISION, CONDITION UNCERTAINTY AND 

STATISTICAL EMISSIONS LIMITATIONS 
5.6 DEMONSTRATING M W C  CONDITION SIMILARITY BETWEEN TESTS 

6 .  RESULTS Sr DISCUSSION 
6.1. OBSERVED EMISSIONS CONTROL PERFORMANCE 

6.1.1. PCDD/F AIR EMISSIONS REDUCTIONS 
6.1.2. MERCURY AIR EMISSIONS REDUCTIONS 
6.1.3. ACID GAS AIR EMISSIONS REDUCTIONS 

6 2 .  SYSTEM OPERATING CHARACTERISTICS 
6.3. QUALITY ASSURANCE FINDINGS 

k 

7. CONCLUSIONS Sr. RECOMMENDATIONS 
7.1. DEMONSTRATED EMISSIONS CONTROL CHARACTERISTICS 

7.3. DESIGN CONSIDERATIONS & CRITERIA 
7.4 RECOMMENDATION REGARDING THE NEED FOR PHASES II AND III 

7.2. SYSTEM OPERATING CHARACTERISTICS -- LESSONS LEARNED 



RETROFIT OF WASTE-TO-ENERGY FACILITIES WITH ESP's 
TEST PROTOCOL 

Revision 1 
September 22, 1995 A-4 

APPENDIX 
A) BUDGETARY COST ESTIMATE FOR A GENERIC 400 T/D ESP EQUIPPED 

WTE FACILITY 

B) HOST FACILITY COMBINED RESIDUE S M L ' I N G  PROGRAM 

C) USEPA REFERENCE METHODS FOR PCDD/F (23), METALS (29) & HCI (26) 

VOL. 11 -- FIELD AND LABORATORY REPORTS 

1. EMISSIONS STACK TEST REPORT 

2. TCLP COMBINED RESIDUE ANALYSES 

3. REAGENT CHARACTERISTICS 

3. FACILITY OPERATING DATA 

4. SPRAY SYSTEM EVENT LOG 



APPENDIX El 

HOST FACILITY COMBINED RESIDUE SAMPLING PROGMM 



COMBINED ASH RESIDUE CHARACTERIZATION 

QUALITY ASSURANCE PLAN 
AND' 

Davis County Solid Waste Management 
and Energy Recovery Special District 

Layton, Utah 

Revision No. 2 
August 1995 

REVISION HISTORY 

0 Original Protocol (May, 1994) 

I General Revision to incorporate draft 
EPA Guidance (May, 1995) 

Recommended for Use 
Rigo & Rigo Associates, Inc. 

2 Clarified laboratory sample size and re- 
placed draft Appendix F with final EPA 
Guidance (August, 1995) 

Approved for Use 
Plant Manager 



COMBINED ASH RESIDUE CHARACTERIZATION AND QUALITY CONTROL PLAN--REVISION 3, 
AUGUST 1995 

TABLE 0F.CONTENTS 

Introduction And Purpose I 
Facility Residue Handling.. 2 
Regulatory Requirements 2 
Residue Sampling And Testing Protocol.. .............................................................. 4 
Combin@ Ash Sampling ................................................................................... 5 
Sample Preparation 6 
Laboratory Analysis.. 8 
Initial Quality Control Data Screening .................................................................. 9 
Comparison To Regulatory Thresholds ................................................................. 9 
Routine Quality Assurance Procedures.. ............................................................... 1 1 

................................................................................. 
............................................................................... 

.................................................................................. 

......................................................................................... 
...................................................................................... 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

Appendix F 

Appendix G 

Appendix H 

LIST OF APPEiWICES 

Annual Sampling Period Designation 

Statistical Tables and Techniques to Establish Regulatory Status 

Excerpts from RCRA Regulations (40 CFR 262) 

EPA P o k y  Interpretation regarding point-of-sampling 

EPA Policy Guidance Implementing Supreme Court Decision on MWC 
Residue Testing n J  

EPA Guidance on MWC Residue Testing Plans 

Section NINE of SW-846 Regarding Residue Sampling Plans 

Excerpts from IAG Report on MWC Residues 

Rigo & E g o  Associates, Inc. Page i 



INTRODUCTION AND PURPOSE 

Municipal solid waste WSW is a highly variable material consisting of many waste compo- 
nents and elements. In the combustion process, the organics and metals break down and com- 
bine with oxygen and other elements in the waste and air to form new compounds. Some of 
the resulting materials accumulate in the combined ash residues leaving the facility, These 
residues may or may not exhibit the characteristics of hazardous wastes. Prudent environ- 
mental practice and regulatory compliance require that the toxicity characteristics of these 
residues be correctly characterized so that they can be managed in an environmentally protec- 
tive and legally correct manner. It is also very important since improper characterization can 
result in either environmental degradation or extra expense to the facility. 

The highly variable (heterogeneous) nature of combined ash residues means that correct char- 
acterization of incinerator residues is a difficult and exacting process. Accurate characteriza- 
tion begins with obtaining representative samples of the combined ash residues leaving the fa- 
cility. It continues through preparation of representative laboratory subsamples. The labora- 
tory procedures must be accurate and follow the prescribed regulatory methods and the final 
data reduction must correctly compare the laboratory results to regulatory standards to cor- 
rectly characterize the incinerator residues. 

Following the Combined Ash residue Characterization and Quality Assurance Plan provides 
assurance to staff, management and the public that the residues leaving the facility for disposal 
are properly characterized. This way, they can be properly managed. 

Your enthusiastic and intelligent participation in this program is essential to the future of the 
Facility. When you effect your signature to quality control and assurance documents, it is the 
District's assurance that the procedures designed to produce accurate results have been fol- 
lowed. 

Please direct any questions regarding your responsibilities or liability to the Plant Manager. 

This QA plan is a living document. As you find ways to improve the procedures, bring them 
to the Plant Manager for formal consideration and incorporation in the next revision. 

%go & Rig0 Associates, Inc. Page I 
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FACILITY RESIDUE HANDLING 

The Davis County Energy Recovery and Special Service District Incinerator facility in Layton, 
Utah uses up to 140,000 tons of MSW per year to produce district heating steam for Hill Air 
Force Base and electricity for Utah Power & Light. After utilization, approximately 37,000 
tons per year of combined incinerator ash and air pollution control system [APCS] residue re- 
main for disposal. 

The combined ash is accumulated in a segmented concrete ash storage bin. This bin is also 

called a bunker or pit. It has four separate segments. 

Bottom ash is extruded from water filled ram dischargers at the end of the grate onto vibratory 
conveyors. As the ash moves the short distance to the bin, boiler ash is deposited on top of 
the bottom ash. APCS residue is moved from the hoppers to the bin in closed screw convey- 
ors. The APCS residue is moistened prior to being discharged into the divided bin opposite 
the bottom ash from the same boiler. 

I 

In the segmented bin, combined residues are mixed as they are moved from the frst  and third 
segments (A and C) to the central bin (B). Several times a 12 hour shift, the residue is trans- 
ferred to the larger end bin @) for storage until it is loaded into covered dump trucks. 

Residues are out-loaded to covered dump trucks 6 to 12 hours per day, 3 to 6 days per week. 
Out-loading, like between bin transfer and mixing, is accomplished using a clam shell grapple. 
Residue is dug out of out-loading bin D and discharged into the dump trucks through a load- 
out hopper. The truck pulls forward, is covered and leaves the fully enclosed ash via the fa- 
cility truck scale. After weighing, the truck goes to the landfill and discharges the combined 
ash at the bottom of the working face. 

REGULATORY REQlJIREMENTS 

The Resource Recovery and Conservation Act and implementing regulations (40 CFR 262.11) 
require that a person who generates solid waste determine if that waste is a hazardous waste as 
defined in 40 CFR 261.20. The waste is to be managed in accordance with that determination. 

For municipal solid waste combustors (incinerators), EPA had historically held that the 
residues derived from burning MSW were exempt from the characterization requirement. On 

Rig0 & Rig0 Associates, Inc. Page 2 
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May 2, 1994, however, the Supreme Court held in City of Chicago v. EDF that EPA's deter- 
mination that incinerator residues were exempt from RCRA management requirements was 
outside their legal authority and incinerators 'had to characterize their residue streams. Impor- 
tantly, the court did not find that incinerator ash was hazardous, rather that it must be managed 
in accordance with its RCRA characteristics. 

In response to this ruling, EPA issued guidance concerning the Sampling and Analysis of Mu- 
nicipal Refuse Incinerator Ash (EPA\530-R-95-036, June 1995) that provides some advice on 
the design of sampling plans beyond that contained in SW-846. The guidance specifies that 
the 90 percent (one sided) statistical confidence level upper confidence limit for the sample 
increments is compared to the reguIatory thresholds and that good statistical practice be fol- 
lowed in making the comparison. 

The point at which the in-plant residue stream became subject to RCRA classification (i.e., the 
point at which they should be sampled) was clarified by the February 3, 1995 (60 FR 6666) 
publication of "EPA policy interpretation of point at which RCRA Section 3001(i) jurisdiction 
begins for municipal waste combustion ash at waste-to-energy facilities" and distribution of the 
March 22, 1995 joint memorandum from the Assistant Administrators for the Office of Solid 
Waste and Emergency Response [OSWER] and Office for Enforcement and Compliance As- 
surance [OECA] to the Regional Administrators entitled "Revised implementation strategy for 
City of Chicaeo v. EDF municipal waste combustion (MWC) Ash Supreme Court Decision". 
These documents make it clear that the residue becomes subject to RCRA sampling require- 
ments when it leaves the cornbustion building and that the 14 samples suggested by the sam- 
pling guidance be taken on sequential residue removal days. 

These guidance documents necessitate that the Davis County Incinerator combined ash residue 
sampling and testing protocol be updated to sample the combined ash stream as it leaves the 
facility. Basically, historic residue sampling was conducted for 7 continuous calendar days 
rather than 7 continuous ash hauling days and the sample increments were taken from all ash 
storage bins, rather than the final bin from which contahs the fully mixed combined ash that is 
removed from the incineration building. 

This sampling and analysis protocol revision modifies the point of increment collection to con- 
form with EPA's current guidance. It also modifies the periodic random sampling plan to con- 
form to the intent of the regulation. Enhanced QA/QC procedures such as in-plant determina- 
tion of the TCLP Extraction Fluid to use are included between sampling campaigns. 

~~ ~ ..- - ~ 
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RESIDUE SAMPLING AND TESTING PROTOCOL 

Representative combined ash samples generated at the Davis County Incinerator has consis- 
tently tested RCRA non-hazardous under the TCLP protocol'. The sampling and testing pro- 
tocol includes full characterization and re-characterization four times annually. The month in 
which to perform each quarter's sampling is selected at random and tabulated in the attach- 
ments for the year. Sampling is to begin in the middle of selected month. The actual start 
date shall accommodate scheduled plant maintenance outages and p h n e d  vacations. 

During the characterization, combined ash is sampled as it is withdrawn from bin D for re- 
moval to the landfill. Daily sampling is separated into "morning" and "afternoon" hauling pe- 
riods by equally dividing the number of hours residue hauling is expected to occur in half. 
Sample increments are taken every hour--on a random, sequential basis--and composited to 
create two samples per residue hauling day. This is a periodic random sampling plan as de- 
scribed in SW-846. 

After seven sequential residue hauling days have been sampled, each composite sample is re- 
duced to pass a 9 mesh (3/4 inch) screen, thoroughly mixed and extract a nominal 1,000 g 
laboratory samples from each composite sample using a trier sampler made from ?_I1, schedule 
40 pipe. Then, 4 of the laboratory samples are analyzed for all 8 TCLP metals and the re- 
maining 10 are analyzed for lead and cadmium, the only metals consistently found above 
method detection limits. 

One randomly selected sample a year is subjected to ZHE (zero head space) extraction to re- 
confirm that the organics u e  all at least a factor of 10 below the regulatory threshold. 

Laboratory results are compared to the regulatory thresholds provided in 40 CFR 261 2 4  using 
the methods outlined in SECTION NINE of SW-846. As long as the 90 percent statistical 
confidence level upper confidence level [UCL] for the data average is less than the regulatory 
threshold, the combined residue is RCRA non-hazardous2. 

'USEPA, Test Methods for Evaluating Solid Waste, SW-846, Third Edition, November 1986 
(with 1994 revisions), Method 1311 (Revision 0, July 1992). 

-ibid and USEPA, Sampling and Analysis of Municipal Refuse Incinerator Ash, EPA530-R- 
94-020, May 1994. 
3 
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Results are to be reported to the Plant Manager as quickly as practicable. Necessary docu- 
mentation includes the sampling log, Chain of Custody forms, Laboratory QA/QC documen- 
tation and statistical data reduction and interpretation. The results shall be accompanied by a 

certification statement signed by the individual(s) in responsible charge of sampling and data 
interpretation that the results are representative, correct and accurate to the best of their 
knowledge. All deviations from this protocol and referenced EPA procedures are to be docu- 
mented and the impact each deviation has on the results is to be determined. If the cause of 
the deviation was an error, steps to prevent recurrence shall be noted. If the cause is a change 
in facility operation, this protocol should be revised as appropriate to keep this living docu- 
ment accurate and representative. A determination shall be made to the Plant Manager re- 
garding the regulatory status of the facilities combined ash residue based on the sampling pro- 

g-* 

COMBINED ASH SAMPLING 

Combined ash is sampled from bin ID in the segmented ash bin as it is ready to leave the facil- 
ity. This residue is representative of the materials deposited in the sanitary landfill for ultimate 
disposal. The periodic random sampling procedure is as follows: 

Acquire and label 14, clean 5 gallon plastic pails with covers. Put these pails at a con- 
venient location in the ash handling area making sure that they are kept covered and any 
fugitive dusts in the enclosed space is not allowed to accumulate in such a way that the 
dust will become commingled with the sample increments when the lid is opened or 
closed. 

Select a convenient day to begin sampling within month identified for the quarter in Ap- 
pendix A for the current year when experienced and qualified personnel will be available 
to complete the sampling program without missing a residue hauling day. Check with the 
residue hauling contractor and determine how long he intends to remove ash each day. 
Divide the expected residue removal time in half to form two sampling periods each day. 

Once each hour, stop the grapple as it is traversing from the out-loading bin D to the dis- 
charge hopper at a safe location to remove a sample. Knock off any loose dirt from the 
sampling shovel and rinse it in a bucket of water filled from the source used to quench the 
ash. 

~~~~ ~~ 
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Because the clam shell closing action will cause fine material to sift and roll from the 
center of the residue pile as the grapple closes, use the cleaned shovel to remove the top 4 
to 6 inches of the residue from the center of the grapple. Put this potentially non- 
representative material to the side of the grab. Then, extract a shovel full of residue from 
the center of the cleared area, Be careful to take as representative a sample as possible. 
Include oversized and bulky items. In the event the sampling area is blocked by a large 
item (Le., a water heater or muffler), uncover another adjacent area from which to take 
the sample. 

Put the shovel full of incremental sample into the correctly labeled container and cover, I 

Repeat the previous step until all hourly increments have been accumulated. 

After all the periodic samples scheduled for accumulation have been put in the container, 
the 5 gallon bucket contains the morning or afternoon subsample for that sampling day. 

Continue sampling until a total of 14 subsamples, two per day, have been accumulated. 
Since the facility out-loads combined ash residue 3 to 6 days per week, this will require 
sampling 8 or 16 calendar days in a row. 

SAMPLE PREPARATION 

Once a subsample has been obtained, it should be kept covered until prepared for shipment to 
the analytic laboratory. Preparation consists of reducing the sample to pass a No. 9 (3/8 inch) 
screen, thoroughly mixing and extracting representative laboratory samples. 

= Open the sample container. 

8 Either: 

- 

- Alternately: 

Pass all the samples through a 3/8" jaw crusher, or 

Pass the sample over a No. 9 sieve or screen made up out of lh inch 
hardware cloth. Accumulate the fines on a sheet of heavy gage plastic. 
Set aside the underflow, this material passed the sieve. 
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Using a sledge hammer or other suitable device, reduce the nonmetallic 
oversizd'material so that it will fit into the jaw crusher. Accumulate all 
fines and add them to the material that originally passed the screen. 

Irreducible metallic items are either described, weighed and discarded, ~f 

reduced using shears and saws to a nominal 3/8 inch top size. If dis- 
carded, describe and record the weight of material separated. 

Pass the remainder of the material through the jaw crusher. The jaws 
should be set to produce a 3/8 inch top size. 

Recombine the fines, sheared metallies and crushed material. Mix on a sheet of plastic 
and then split using a nominal 2 inch splitter until the sample size is reduced to about 2 
gallons. 

Rinse out the 5 gallon sampling container and put the split into it. Put the 5 gallon sample 
container into a rotary cement mixer and thoroughly mix the subsample for a minimum of 
5 minutes. 

Stop the mixer and extract about 1 kg (1 quart) of mixed residue using a sampling thief 
made out of an appropriate length of nominal 1% inch, schedule 10 pipe split along the 
centerline. The thief should be slid along the bottom of the 5 gallon container and lifted 
straight up to obtain a representative sample. Alternatively, after rinsing, the splitter can 
be used repeatedly until an appropriately sized laboratory sample is obtained. It is prudent 
to prepare at least one archived sample in case of damage in transit or additional material 
is needed for confirmatory analyses. 

Put the laboratory sample into a clean, borosilicate or Polyethylene bottle with a Teflon 
lined cap. Attach an appropriate label identifying the sample, sample date, sampler and 
person preparing the laboratory sample. 

Once a practical shipment (usually all 14 samples) are prepared, arrange to ship the sam- 
ples to the laboratory. Notify the laboratory that the samples have been sent and ask to be 
notified upon receipt. 

Rig0 & Ego Associates, Inc. Page 7 
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LABORATORY ANALYSIS 
/- 

Request the laboratory to perform TCLP extractions on all samples. Each leachate should 
be analyzed for lead and cadmium. Identify the 4 samples selected using the random se- 
lection program (Appendix A) for complete TCLP metals analysis. One sample a year is 
to be subjected to zero head space extraction (ZHE) and organics analysis. This sample is 
designated on the sample selection program by quarter and sample number. 

Most combined ash samples require Extraction Fluid No. 1, Direct the laboratory to con- 
firm any determination that Extraction Fluid No. 2 should be used by performing two ad- 
ditional determinations. Use the extraction fluid identified by at l as t  two of the three de- 
terminations. 

Request the laboratory to retain dl TCLP extracts until the 4 complete samples for each 
quarter have been analyzed. 

If any of the 4 samples exhibit a TCLP metal concentration in excess of one third of the 
regulatory limit (other than lead or cadmium), assume that the dab are lognormally dis- 
tributed and request that the balance of the extracts be analyzed for that metal if the UCL 
calculated using the 4 results exceeds three quarters of the regulatory thresholds3 

Require the Utah certified laboratory to provide a statement that the TCLP extraction was 

performed in strict accordance with Method 1311 and the analytic protocols in SW-846. 
The analytic report must be accompanied by laboratory QA/QC documentation including 
blanks, calibrations, and matrix spikes, the completed Chain of Custody Form and any 
other materials required by the most recent edition of SW-846. 

3SW-&46 requires that the laboratory quantitation limit be no more than 10 percent of the reg- 
ulatory threshold. Consequently, for a lognormally distributed population, as long as the 
largest value is 34.5 percent of the regulatory threshold, the maximum UCL for a sample of 4 
is the regulatory threshold because the geometric mean is the average of the natural logs of the 
detection limit and 34.5 pexent of the regulatory threshold; the geometric standard deviation 
is the difference between the natural logs of the detection limit and 34.5 percent of the regula- 
tory threshold. 

\ 
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INITIAL QUALITY CONTROL DATA SCREENING 

1 Upon receipt of the laboratory results, enter the following information into a spreadsheet 
along with the extraction fluid and final extract pH. Look at the data for any obviously 
high or low results that might be typographical errors. If there is no data entry error, re- 
view the laboratory QA/QC report to make sure that the data has been properly tran- 
scribed from the back-up sheets to the laboratory summary report. 

1 Review the laboratory QA/QC reports for any notations that might indicate there is a 
problem with the analysis (interferences or sample compromised during laboratory pro- 
cessing). 

1 Prepare a plot of TCLP mekl concentration versus pH for each metal. Put pH on the 
horizontal scale and concentration on the vertical scale. The vertical scale should be loga- 
rithmic. The data should fall in a relatively narrow band. The data range should be com- 
parable to that shown in Figure 6A4  for lead and Figure 6.3 for cadmium (see attach- 
ments). If the results are outside these ranges, or other ranges developed for the plant 
data, then something has changed, either in the plant or at the laboratory. Investigate and 
find out what caused the change and include the finding in the summary report. 

Combined ash residue usually requires Extraction Fluid No. 1. Due to statistical change 
alone, one or two of the 14 quarterly samples may indicate Extraction Fluid No. 2 should 
be used. If more than this number require Extraction Fluid No. 2 ,  then it is imperative to 
find out why. At a minimum, submit the archived duplicate samples to another Utah cer- 
tified laboratory for Extraction Fluid determination. If the original findings are con- 
firmed, investigate what occurred in the facility to cause the change. If the findings are 
not confirmed, audit the original laboratory to determine what caused the finding. 

COMPARISON TO REGULATORY TIKIIESHOLDS 

Determination of regulatory status is done in accordance with SW-846 and EPA guidance on 
sampling and analysis of incinerator residues. These are provided in Appendix B dong  with a 

~~ 

'?Re International Ash Working Group, An International Perspective on Characterization and 
Management of Residues from Municipal Solid Waste Incineration, Summary Report, Decern- 
ber 1994. 

~~~~~ 
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~~ 

papeg that consolidates the statistics and provides a conservative, upper bound estimate of the 
upper confidence limit. 

Begin the analysis by assembling all the TCLP results into a spreadsheet. Record the sample 
identification, sampling date and time period, weight of total sample, weight and description of 
any rejected materials, final pH of the extraction fluid and the leachate concentrations. Add to 
the notes any deviations from accepted standards identified in the laboratory QA/QC report. 

If the summary sheet identifies a result as not detected, record the detection limit as a negative 
number and display the result in 0 notation. Xf the instrument scan sheet provides a positive 
value (that is, a result that does not meet laboratory detection or quantitation limit standards) 
record the measured value and flag the vdue as tentative in the next column per ASTN 
convention instead of recording the detection limit; add the detection limit notes at the bottom 
of the page. Use the tentative value in preference to half the detection limit in any subsequent 
mathematical procedures that require uncensored data. 

Beginning with metals with 14 analytic results, the determination is made on a metal-by-metal 
basis as follows: 

Find the largest value. If this is less than the regulatory threshold, STOP. The material is 
RCRA non-hazardous for that constituent. 

Find the fourth largest value. If this is less than the regulatory threshold, STOP. The 
material is RCRA non-hazardous for that constituent. 

Determine the type of data distribution using the methods in SW-846 and the Rig0 paper. 
Compute the upper confidence limit [UCL] following the procedure. Make sure that ap- 
propriate corrections are used if there are any censored results (Below Detection Limits 
values). Compare the UCL to the regulatory threshold. If the UCL is below the regula- 
tory threshold, the combined ash is RCRA non-hazardous. 

'&go, H. G., Interpreting TCLP Results -- a Simplified Approach, Solid Waste Management, 
Thermal Treatment & Waste-to-Energy Conference, AWMA, April 17-21., 1995 and Docket 
Comments submitted on EPA530-R-94-020. 
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a For metals with less than 14 samples analyzed, if the largest value of each of the 4 incre- 
ments submitted for analysis of all RCRA metals is less than a third of the regulatory 
threshold, the maximum possible UCL is the regulatory threshold. The combined ash is 
RCRA non-hazardous for these metals. The UCL should be calculated using both normal 
and lognormal distibution assumptions and the higher value compared to the regulatory 
standard. In the event that d1 four results are below detection limits I[BDL], then the 
combined ash residue is declared RCRA non-hazardous for that material6. 

If the value is above the regulatory threshold, then the material needs to be handled in an ap- 
propriate manner. The plant manager must be notified immediately and steps taken to either 
isolate the combined ash for future disposition or dispose of it in a RCRA compliant manner. 

ROUTINE QUALITY A S S M C E  PROCEDURES 

Providing assurance that the combined ash stream maintains its characteristics between quar- 
terly sampling campaigns is important. Experience with combined ash streams indicates that 
changes manifest themselves as: 

Significant increases or decreases in the relative weight of combined ash residue generated 
per ton of MSW burned (the MSW composition may have changed), or 

The type of extraction fluid indicates has changed from Extraction Fluid No. 1 to No. 2. 

To detect either of these two changes, the following routine QA/QC procedures are to be fol- 
lowed: 

Establish 3-sigma control limits for normal residue generation by dividing the amount of 
residue removed each week by the amount of MSW combusted. The average is the center 
of the distribution and 99 percent of the time a week's generation is expected to reside 
within 3 standard deviations (sigma) of the mean. 

%f all results are BDL, the best that can be done is to substitute half the detection limit and 
calculate the mean, standard deviation and UCL. If the detection limit [DL] is the same for 
each sample, then the standard deviation will always calculate out to be zero; the UCL is then, 
by definition, equal to half the detection limit. Since SW-846 requires a maximum detection 
Emit equal to 10 percent of the regulatory threshold, it is impossible for half the DL to exceed 
the regulatory threshold. 

Rig0 & Rig0 Associates, Inc. Page I1 
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~ 

At the beginning of each week, calculate the relative residue generation and add it to the 
ongoing plot. If it is within the 3-sigma bounds, the plant is operating normally and no 
change in generation rate is indicated, . 

a Paying attention to trends can yield important information. If 6 weeks in a row increase 
or decrease, or remain on one side of the average, then something small may have 
changed and investigation is warranted to prevent a control limit exceedance. This is 
known as an out-of-control situation. Identifying statistical out-of-control situations is 
very important. It provides a means of identifying when something has changed in the fa- 
cility. Out-of-control does not mean that there is necessarily a problem or regulatory vio- 
lation. Rather, it m a s  that the cause of a difference can be identified and corrected, if 
necessary, before a violation occurs. 

Two or three times a week, take a single subsample increment exactly as if a full sampling 
program is being conducted. Pass the subsampie increment over a No. 9 sieve (3/8 inch 
screen--a piece of 1/2 inch hardware cloth is satisfactory) and mix the fines. Note that 
this sample of fines is biased. Samples prepared in this manner are not suitable for deter- 
mining the toxicity characteristics of the waste stream since they are not representative. 

These are suitable for 
QC purposes since the pH for the fines where basic elements concentrate should govern 
the final pH for representative samples that include prorated portions of the comparatively 
inert large material as well. 

They do not include a proportionate amount of +3/8 inch material. i 

= Extract 5 grams (within 0.1 grams) and put it in a 500 ml beaker with 96.5 ml of reagent 
(distilled, deionized) water and stir vigorously for 5 minutes. Record the pH. 

a If the pH is greater than 5 ,  add 3.5 rnl of IN HC17, stir briefly, cover with a watch glass 
and heat to 50°C and hold at 50°C for 10 minutes. Remove from the heat and let the so- 

lution cool to room temperature. Record the pH. 

= Develop control charts to track the water extract and final (HCl extract) pH of the QC 
subsample increment determinations. Resample and analyze two additional samples if a 
change in Extraction Fluid is indicated. Like ash quantity, investigate the cause of my 

trends. 

7Dilute 9.35 ml of 39% reagent grade HC1 with reagent water to 100 mZ to make a IN HC1 
s o h  tion. 

Rig0 & E g o  Associates, Inc. Page 12 
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If an out-of-control situation persists for more than two samplings, prepare a representative 
sample and perform a TCLP extraction and lead and cadmium analyses. Compare these re- 
sults to those determined during the last quarterly characterization. If the results are less than 
the highest values found during the quarterly characterization, conclude that the change is not 
material. If the previously established bound is exceeded, move up the next quarterly sam- 
pling to establish the RCRA classification of the changed waste stream. 

Rig0 & Rig0 Associates, h c .  Page 13 
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METHOD 23-DETERMINATION O F  
POLYCHLORINATED D IBENZO-P-D I- 
OXINS A N D  P O L Y C H L O R I N A T E D  

ARY SOURCES 
DIBENZOFURANS FROM STATION, 

I. Applicability and Principle 
1.1 Applicability. This method is appli- 

c a b l e  to t h e  d e t e r m i n a t i o n  of 
polychkorinated dibenzo-p-dioxins  
(PCDD's )  and  polychlor ina ted  
dibenzofurans (PCDF's) from stationary 
sources. 

1.2 Principle. A sample is withdrawn 
from the gas stream isokinetically and col- 
lected in the sample probe, on a glass fiber 
filter, and on a packed column of adsor- 
bent material. The sample cannot be s e p  
arated into a particle v?por fraction. The 
PCDD's and PCDF's are extracted from 
the sample, separated by high resolution 
gas chromatography, and measured by 
high resolution mass spectrometry. 

2. Apparatus 

2.1 Sampling. A schematic of the sam- 
pling train used in this method is shown in 
Figure 23-1. Seaiing greases may not be 
used in assembling the train. The train is 
identical to that described in section 2.1 
of Method 5 of this appendix with the 
following additions: 
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2.1.1 Nozzle. The nozzle shall be made 
of nickel, nickel-plated stainless steel, 
quartz, or borosilicate glass. 

2.1.2 Sample Transfer Lines. The sam- 
ple transfer lines, if needed, shall be heat 
traced, heavy walled TFE (1/2 in. OD with 
'/gin. wall) with connecting fittings that 
are capable of forming leak-free, vacuum- 
tight connections without using sealing 
greases. The line shall be as short as possi- 
ble and must be maintained at 120 'C .  

2.1.1 Filter Support. Teflon or Teflon- 
coated wire. 

2.1.2 Condenser. Glass, coil type with 
compatible fittings. A schematic diagram 
is shown in Figure 23-2. 

~ ~~ 

2.1.3 Water Bath. Thermostatically 
controlled to maintain the gas tempera- 
ture exiting the condenser at <20 " C  (68 

2.1.4 Adsorbent Module. Glass contain- 
er to hold the solid adsorbent. A shematic 
diagram is shown in Figure 23-2. Other 
physical configurations of the resin 
trap/condenser assembly are acceptable. 
The connecting fittings shall form leak- 
free, vacuum tight seals. No sealant 
greases shall be used in the sampling 
train. A coarse glass frit is included to 
retain the adsorbent. 

O F ) .  

2.2 Sample Recovery. 

2.2.1 Fitting Caps. Ground glass, Tef- 
lon tape, or aluminum foil (Section 2.2.6) 
to cap off the sample exposed sections of 
the train. 

2.2.2 Wash Bottles. Teflon, 500-ml. 
2.2.3 Probe-Liner Probe-Nozzle, and 

Filter-Holder Brushes. Inert bristle brush- 
es with preclestned stainless steel or Tef- 
lon handles. The probe brush shall have 
extensions of stainless steel or Teflon, at 
least as long as the probe. The brushes 
shall be properly sized and shaped to 
brush out the nozzle, probe liner, and 
transfer line, if used. 

[Part 60, Appendix A, Method 231 

8-27-93 Envtronment Reporter 
0013-921 1/93/$0+$1.00 

720 



S
TA

TIO
N

A
R

Y
 SO

U
R

C
ES 

S-946 
1 20: 1 297 

P
 

c- 2 U
 

8-27-93 

t 

A 
t 

L
 

01 
(4

 
c P

, 
U
 

E
 
0
 

0
 

........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 
........... 

0
 

N
 

8
 

Q
 

X
 Y
 

b) 

\t 
7
 

c
 

Q
 

d
 

2" 
Q

 
m

 
L
 

c, 

CI 
c
 

Q
, 

L
 

n
 

a
 
c
 

[P
art 60, A

ppendix A
, M

ethod 231 

C
opyright 0

 1993 by The B
ureau o

f N
ational A

ffairs, Inc. 
0013-921 1/93/SO

+S1 .OO 
721 



120:1298 FEDERAL REGULATIONS 

Water .................................. 

Methanol ............................. 
Methylene Chtoride ............. 
Toluene ............................... 

2.2.4 Filter Storage Container. Sealed 
filter holder, wide-mouth amber glass jar 
with Tenon-lined cap, or glass petri dish. 

2.2.5 Balance. Triple beam. 
2.2.6 Aluminum Foil. Heavy duty, hex- 

ane-rinsed. 
2.2.7 Metal Storage Container. Air 

tight container to store silica gel. 
2.2.8 Graduated Cylinder. Glass, 250- 

mi with 2-ml graduation. 
2.2.9 Glass Sample Storage Container. 

Amber glass bottle for sample glassware 
washes, 500- or lOOO-ml, with leak free 
Teflon-lined caps. 

2.3 Analysis. 
2.3.1 Sample Container. 125- and 250- 

ml flint glass bottles with Teflon-lined 
caps. 

2.3.2 Test Tube. Glass. 
2.3.3 Soxhlet Extraction Apparatus. 

Capable of holding 43 x 123 mm extrac- 
tion thimbles. 

2.3.4 Extraction Thimble. Glass, 
precleaned cellulosic, or glass fiber. 

2.3.5 Pasteur Pipettes. For preparing 
liquid chromatographic columns. 

2.3.6 Reacti-vials. Amber glass, 2-ml, 
silanized prior to use. 

2 .3 .7  R o t a r y  Evapora to r .  
Buchi/Brinkman RF-121 or equivalent. 

2.3.8 Nitrogen Evaporative Concentra- 
tor. N-Evap Analytical Evaporator Model 
111 or equivalent. 

2.3.9 Separatory Funnels. Glass, 2-liter. 
2.3.10 Gas Chromatograph. Consisting 

of the following components: 
2.3.10.1 Oven. Capable of maintaining 

the separation column at the proper oper- 
ating temperature 2 ' C  and performing 
programmed increases in temperature at 
rates of at least 40 'C/min. 

2.3.10.2 Temperature Gauge. To moni- 
tor column oven, detector, and exhaust 
temperatures k 1 'C. 

2.3.10.3 Flow System. Gas metering 
system to measure sample, fuel, combus- 
tion gas, and carrier gas flows. 

2.3.10.4 Capillary Columns. A fused 
silica column, 60X0.25 mm inside diame- 
ter (ID), coated with DB-5 and a fused 
silica column, 30 mX0.25 rnm ID coated 
with DB-225. Other column systems may 
be used provided that the user is able to 
demonstrate using calibration and perfor- 
mance checks that the column system is 
able to meet the specifications of section 
6.1.2.2. 

Extract w ~ t n  water for 8 

Extract for 22 hours. 
Extract tor 22 hours. 
Extract for 22 hours, 

hours. 

2.3.1 1 Mass Spectrometer. Capable of 
routine operation a t  a resolution of 
1:lOOOO with a stability of 25 ppm. 

2.3.12 Data System. Compatible with 
the mass spectrometer and capable of 
monitoring at least five groups of 25 ions. 

2.3.13 Analytical Balance. To measure 
within 0.1 mg. 

3. Reagenfs 

3 1 Sampling. 
3.1.1 Filters. Glass fiber filters, without 

organic binder, exhibiting at least 99+95 
percent efficiency ( ~ 0 . 0 5  percent penetra- 
tion) on 0.3-micron dioctyl phthalate 
smoke particles. The filter efficiency test 
shall be conducted in accordance with 
ASTM Standard Method D 2986-71 
(Reapproved 1978) {incorporated by ref- 
erence-see $60.17 ). 

3.1.1.1 Precleaning. All filters shall be 
cleaned before their initial use. Place a 
glass extraction thimble and 1 g of silica 
gel and a plug of glass wool into a Soxhlet 
apparatus, charge the apparatus with tol- 
uene, and reflux for a minimum of 3 
hours. Remove the tolueae and discard it, 
but retain the silica gel. Place no more 
than 50 filters in  the thimble onto the sili- 
ca gel bed and top with the cleaned glass 
wool. Charge the Soxhlet with toluene 
and reflux for 16 hours. After extraction, 
allow the Soxhlet to cool, remove the fil- 
ters, and dry  them under a dean NZ 
stream. Store the filters in a glass petri 
dish sealed with Teflon tape. 

3.1.2 Adsorbent Resin. Amberlite 
XAD-2 resin. Thoroughly cleaned before 
initial use. 

3. i .2.1 Cleaning Procedure. This proce- 
dure may be carried out in a giant Soxhlet 
extractor. An all-glass filter thimble con- 
taining an extracourse frit is used for ex- 
traction of XAD-2. The frit is recessed 
10-15 mrn above a crenelated ring a t  the 
bottom of the thimble to facilitate drain- 
age. The resin must be carefully retained 
in the extractor cup with a glass wool plug 
and a stainless steel ring because it floats 
on methyiene chloride. This process in- 
volves sequential extraction in the follow- 
ing order. 

Solvent I Procedure 

Water ................................... initial rinse: Place resin in a 
beaker. rinse once with 
water. and discard. Fill 
with water a second time, 
bet stand overnight. and 
discard. 

Sclvent I - - -  Procadure 

3.1.2.2 Drying. 
3.1.2.3.1 Drying Column. Pyrex pipe, 

10.2 cm ID by 0,6 m long, with suitable 
retainers. 

3.1.2.2.2 Procedure. The adsorbent 
must be dried with clean inert gas. Liquid 
nitrogen from a standard commercial liq- 
uid nitrogen cylinder has proven to be a 
reliabie source of large volumes of gas 
free from organic contaminants. Connect 
the liquid nitrogen cyIinder to the column 
by a length of cleaned copper tubing, 0.95 
cm ID, coiled to pass through a heat 
source. A convenient heat source is a wa- 
ter-bath heated from a steam line. The 
final nitrogen temperature should only be 
warm to the touch and not over 40 "C. 
Continue flowing nitrogen through the ad- 
sorbent until all the residual solvent is re- 
moved. The flow rate should be sufficient 
to gently agitate the particles but not so 
excessive 3s the cause the particles to 
fracture. 

3.1.2.3 Quality Control Check. The ad- 
sorbent must be checked for residual tolu- 
ene. 

3.1.2.3,l Extraction. Weigh 1.0 g sam- 
ple of dried resin into a small vial, add 3 
rnl of toluene. cap the vial, and shake it 
well. 

3.1.2.3.7 Analysis. Inject a 2 PI sample 
of' the extract into a gas chromatograph 
operated under the following conditions: 

Column: 6 ftXI/s in stainless steel con- 
taining 10 percent OV-101 on 
IOO/ 170 Supelcoport. 

Carrier Gas: Helium at a rate of 30 
ml/min. 

Detector: Flame ionization detector op- 
erated at  a sensitivity of 4X lo-" 
A/mV. 

Injection Port Temperature: 250 "C.  
Detector Temperature: 305 ' C. 
Oven Temperature: 30 ' C  for 4 min; 

programmed to rise at 40 'C/min 
until it reaches 250 ' C ;  return to 30 
'C after 17 minutes. 

Compare the results of the analysis to 
the results from the reference solution. 
Prepare the reference solution by injec- 
tion 2.5 pl of methylene chloride into 100 
ml of toluene. This corresponds to 100 p g  
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of methylene chloride per g of adsorbent. 
The maximum acceptable concentration 
is 1000 p g / g  of adsorbent. If the adsor- 
bent exceeds this level, drying must be 
continued until the excess methylene chlo- 
ride is removed. 

3.1.2.4 Storage. The adsorbent must be 
used within 4 weeks of cleaning. After 
cleaning, it may be stored in a wide 
mouth amber glass container with a Tef- 
lon-lined cap or placed in one of the glass 
adsorbent modules tightly sealed with 
glass stoppers. If precleaned adsorbent is 
purchased in sealed containers, it must be 
used within 4 weeks after the seal is bro- 
ken. 

3.1.3 Glass Wool. Cleaned by sequen- 
tial immersion in three aliquots of methyl- 
ene chloride, dried in a 110 ‘C oven, and 
stored in a methylene chloride-washed 
glass jar with a Teflon-lined screw cap. 

3.1.4 Water. Deionized distilled and 
stored in a methylene chloride-rinsed 
glass container with a Teflon-lined screw 
cap. 

3.1.5 Silica Gel. Indicating type, 6 to 
16 mesh. If previously used, dry a t  175 
“ C  (350 ‘F) for two hours. New silica gel 
may be used as received. Alternately oth- 
er types of desiccants (equivalent or bet- 
ter) may be used, subject to the approval 
of the Administrator. 

3.1.6 Chromic Acid Cleaning Solution. 
Dissolve 20 g of sodium dichromate in 15 
ml of water, and then carefully add 400 
ml of concentrated sulfuric acid. 

3.2 Sample Recovery. 
3.2.2 Acetone. Pesticide quality, 
3.2.2 Methylene Chloride. Pesticide 

3.2.3 Toluene. Pesticide quality. 
3.3 Analysis. 
3.3.1 Potassium Hydroxide. ACS 

grade, 2-percent (weight/volume) in wa- 
ter. 

3.3.2 Sodium Sulfate. Granulated, re- 
agent grade. Purify prior to use by rinsing 
with methylene chloride and oven drying. 
Store the cleaned material in a glass 
container with a Teflon-lined screw cap. 

3.3.3 Sulfuric Acid. Reagent grade. 
3.3.4 Sodium Hydroxide. 1.0 N. Weigh 

40 g of sodium hydroxide into a 1-liter 
volumetric flask. Dilute to 1 liter with wa- 
ter. 

qua1 tit y , 

3.3.5 Hexane. Pesticide grade. 
3.3.6 Methylene Chloride. Pesticide 

3.3.7 Benzene, Pesticide Grade. 
grade. 

3.3.8 Ethyl Acetate. 
3.3.9 Methanol. Pesticide Grade. 
3.3.10 Toluene. Pesticide Grade. 
3.3.1 1 Nonane. Pesticide Grade. 
3.3.12 Cyclohexane. Pesticide Grade. 
3.3.13 Basic Alumina. Activity grade 1, 

100-200 mesh. Prior to use, activate the 
alumina by heating for 16 hours at 130 
‘ C  before use. Store in a desiccator. Pre- 
activated alumina may be purchased from 
a supplier and may be used as received. 

3.3.14 Silica Gei. Bio-Sil A, 100-200 
mesh. Prior to use, activate the silica gel 
by heating for at least 30 minutes at 180 
‘C. After cooling, rinse the silica gel se- 
quentially with methanol and methylene 
chloride. Heat the rinsed silica gel a t  50 
‘C for 10 minutes, then increase the tem- 
perature gradually to 180 “ C  over 25 rnin- 
Utes and maintain it at this temperature 
for 90 minutes. Cool at room temperature 
and store in a glass container with a Tef- 
lon-lined screw cap. 

3.3.15 Silica Gel Impregnated with Sul- 
furic Acid. Combine 100 g of silica gel 
with 44 g of concentrated sulfuric acid in 
a screw capped glass bottle and agitate 
thoroughly. Disperse the solids with a stir- 
ring rod until a uniform mixture is ob- 
tained. Store the mixture in a glass 
container with a Teflon-lined screw cap. 

3.3.16 Silica Gel Impregnated with So- 
dium Hydroxide. Combine 39 g of l N 
sodium hydroxide with 100 g of silica gel 
in a screw capped glass bottle and agitate 
thoroughly, Disperse solids with a stirring 
rod until a uniform mixture is obtained. 
Store the mixture in glass container with 
a Teflon-lined screw cap. 

3.3.1 7 Carbon/Celite. Combine 10.7 g 
of AX-21 carbon with 124 g of Celite 545 
in  a 250-rnl glass bottle with a Teflon- 
lined screw cap. Agitate the mixture thor- 
oughly until a uniform mixture is ob- 
tained. Store in the glass container. 

3.3.18 Nitrogen. Ultra high purity. 
3.3.19 Hydrogen. Ultra high purity. 
3.3.20 Internal Standard Solution. Pre- 

pare a stock standard solution containing 
the isotopically labelled PCDD’s and 
PCDF’s at the concentrations shown in 
Table 1 under the heading “Internal 
Standards’’ in 10 ml of nonane. 

3.3.21 Surrogate Standard Solution. 
Prepare a stock standard solution contain- 
ing the isotopically labelled PCDD’s and 
PCDF’s at the concentrations shown in 
Table I under the heading “Surrogate 
Standards” in 10 ml of nonane. 

3.3.22 Recovery Standard Solution. 
Prepare a stock standard solution contain- 
ing the isotopically labelled PCDD’s and 
PCDF’s at  the concentrations shown in 
Table 1 under the heading “Recovery 
Standards” in I0 ml of nonane. 

4. Procedure 
4.1 Sampling. The complexity of this 

method is such that, in order to obtain 
reliable results, testers should be trained 
and experienced with the test procedures. 

4.1.1 Pretest Preparation. 
4.1.1.1 Cleaning Glassware. All glass 

components of the train upstream of and 
including the adsorbent module, shall be 
cleaned as described in section 3A of the 
“Manual of Analytical Methods for the 
Analysis of Pesticides in Human and En- 
vironmental Samples.” Special care shall 
be devoted to the removal of’residual sili- 
cone grease sealants on ground glass con- 
nections of used gtassware. Any residue 
shall be removed by soaking the glassware 
for several hours in a chromic acid clean- 
ing solution prior to cleaning as described 
above. 

4.1 -1.2 Adsorbent Trap. The traps must 
be loaded in a clean area to avoid contam- 
ination. They may not be loaded in the 
field, Fill a trap with 20 to 40 g of XAD- 
2. Folkow the XAD-2 with glass wool and 
tightly cap both ends of the trap. Add 100 
pl of the surrogate standard solution (sec- 
tion 3.3.21) to each trap. 

4.1.1.3 Sample Train. It is suggested 
that all components be maintained ac- 
cording to the procedure described in 

4.1.1.4 Silica Gel. Weigh several 200 to 
300 g portions of silica gel in an air tight 
container to the nearest 0.5 g. Record the 
total weight of the silica gel plus contain- 
er, on each container. As an alternative, 
the silica gel may be weighed directly in 
its impinger or sampling holder just prior 
to sampling. 

4.1.1.5 Filter. Check each filter against 
light for irregularities and flaws or pin- 
hole leaks. Pack the filters flat in a clean 
glass container. 

4.1.2 Preliminary Determinations. 
Same as section 4.1.2 of Method 5. 

4.1.3 Preparation of Collection Train. 
4.1.3.1 During preparation and assem- 

bly of the sampling train, keep all train 
openings where contamination can enter, 
sealed until just prior to assembly or until 
sampling is about to begin. 

APTD-05 7 6. 
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NOTE: Do no[ use sealant grease in  assembling the 
train. 

3.1.3.2 Place approximately 100 mi of 
water in the second and third impingers, 
leave the first and fourth impingers e m p  
ty, and transfer approximately 200 to 300 
g of preweighed silica gel from its 
container to the fifth impinger. 

41.3.3 PIace the silica gel container in 
a clean place for later use in the sample 
recovery. Alternatively, the weight of the 
silica gel plus impinger may be deter- 
mined to the nearest 0.5 g and recorded. 

4.1.3.4 Assemble the train as shown in 
Figure 23-1. 

4.1.3.5 Turn on the adsorbent module 
and condenser coil recirculating pump 
and begin monitoring the adsorbent mod- 
ule gas entry temperature. Ensure proper 
sorbent temperature gas entry tempera- 
ture before proceeding and before sarn- 
pling is initiated. It is extremely impor- 
tant that the XAD-2 adsorbent resin tem- 
perature never exceed 50 ‘ C  because 
thermal decomposition will occur. During 
testing, the XAD-2 temperature must not 
exceed 20 “ C  for efficient capture of the 
PCDD’s and PCDF’s. 

4.1.4 Leak-Check Procedure. Same as 
Method 5, section 4.1.4. 

4.1.5 Sample Train Operation. Same as 
Method 5, section 4.1.5. 

4.2 Sample Recovery. Proper cleanup 
procedure begins as soon as the probe is 
removed from the stack at the end of the 
sampling period. Seal the nozzle end of 
the sampling probe with Teflon tape or 
aluminum foil. 

When the probe can be safely handled, 
wipe off all external particulate matter 
near the tip of the probe. Remove the 
probe from the train and close off both 
ends with aluminum foil. Seal off the inlet 
to the train with TeRon tape, a ground 
glass cap, or aluminum foil. 

Transfer the probe and impinger as- 
sembly to the cleanup area. This area 
shall be clean and enclosed so that the 
chances of losing or contaminating the 
sample are minimized. Smoking, which 
could contaminate the sample, shall not 
be allowed in the cleanup area. 

Inspect the train prior to and during 
disassembly and note any abnormal condi- 
tions, e-g., broken filters, colored impinger 
liquid, etc. Treat the samples as follows: 

4.2.1 Container No. 1. Either seal the 
filter holder or carefully remove the filter 
from the filter holder and place it in its 

identified container. Use a pair of cleaned 
tweezers to handle the filter. If it is neces- 
sary to fold the filter, do so such that the 
particulate cake is inside the fold. Care- 
fully transfer to the container any particu- 
late matter and filter fibers which adhere 
to the filter holder gasket, by using a dry 
inert bristle brush and a sharp-edged 
blade. Seal the container. 

4.2.2 Adsorbent Module. Remove the 
module from the train, tightly cap both 
ends, label it, cover with aluminum foil, 
and store it on ice for transport to the 
laboratory. 

4.2.3 Container No. 2. Quantitatively 
recover material deposited in the nozzle, 
probe transfer lines, the front half of the 
filter holder, and the cyclone, if used, first, 
by brushing while rinsing three times 
each with acetone and then, by rinsing the 
probe three times with methylene chlo- 
ride. Collect all the rinses in Container 
No. 2. 

Rinse the back half of the filter holder 
three times with acetone. Rinse the con- 
necting line between the filter and the 
condenser three times with acetone. Soak 
the connecting line with three separate 
portions of methylene chloride for 5 min- 
utes each. If using a separate condenser 
and adsorbent trap, rinse the condenser in 
the same manner as the connecting line. 
Collect all the rinses in Container No. 2 
and mark the level of the liquid on the 
container. 

4.2.4 Container No. 3. Repeat the 
methylene chloride-rinsing described in 
Section 4.2.3 using toluene as the rinse 
solvent. Collect the rinses in Container 
No. 3 and mark the level of the liquid on 
the container. 

4.2.5 Impinger Water. Measure the Lq- 
uid in the first three impingers to within 
-t-1 ml by using a graduated cylinder or 
by weighing it to within k 0.5 g by using a 
balance. Record the volume or weight of 
liquid present. This information is re- 
quired to calculate the moisture content 
of the emfluent gas. 

Discard the liquid after measuring and 
recording the volume or weight. 

4.2.7 Silica Gel. Note the color of the 
indicating silica gel to determine if it has 
been completely spent and make a men- 
tion of its condition. Transfer the silica 
gel from the fifth impinger to its original 
container and seal. 

5. Analysis 
All glassware shall be cleaned as de- 

scribed in section 3A of the “Manual of 
Analytical Methods for the Analysis of 
Pesticides in Human and Environmental 
Samples.” All samples must be extracted 
within 30 days of collection and analyzed 
within 45 days of extraction. 

5.1 Sample Extraction. 
5.1.1 Extraction System. Place an ex- 

traction thimble (section 2.3.41, 1 g of 
silica gel, and a plug of glass wool into the 
Soxhlet apparatus, charge the apparatus 
with toluene, and reflux for a minimum of 
3 hours. Remove the toluene and discard 
it, but retain the silica gel. Remove the 
extraction thimble from the extraction 
system and place it in a glass beaker to 
catch the solvent rinses. 

5.1.2 Container No. 1 (Filter). Trans- 
fer the contents directly to the glass thim- 
ble of the extraction system and extract 
them simultaneously with the XAD-2 res- 
in. 

5.1.3 Adsorbent Cartridge. Suspend 
the adsorbent module directly over the ex- 
traction thimble in the beaker (See sec- 
tion 5.1.1). The glass frit of the module 
should be in the up position. Using a Tef- 
lon squeeze bottle containing toluene, 
flush the XAD-2 into the thimble onto the 
bed of cleaned silica gel. Thoroughly rinse 
the glass module catching the rinsings in 
the beaker containing the thimble. If the 
resin is wet, effective extraction can be 
accomplished by loosely packing the resin 
in the thimble. Add the XAD-2 glass wool 
plug into the thimble. 

5.1.4 Container No. 2 (Acetone and 
Methylene Chloride). Concentrate the 
sample to a volume of about 1-5 ml using 
the rotary evaporator apparatus, a t  a tem- 
perature of less than 37 ‘ C .  Rinse the 
sample container three times with small 
portions of methylene chloride and add 
these to the concentrated solution and 
concentrate further to near dryness. This 
residue contains particulate matter re- 
moved in the rinse of the train probe and 
nozzle. Add the concentrate to the filter 
and the XAD-2 resin in the Soxhlet appa- 
ratus described in section 5.1.1. 

5.1.5 Extraction. Add 100 pl of the in- 
ternal standard solution (Section 3.3.20) 
to the extraction thimble containing the 
contents of the adsorbent cartridge, the 
contents of Container No. 1, and the con- 
centrate from section 5.1.4. Cover the 
contents of the extraction thimble with 
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the cleaned glass wool plug to prevent the 
XAD-2 resin from floating into the sol- 
vent reservoir of the extractor. Place the 
thimble in the extractor, and add the tolu- 
ene contained in the beaker to the solvent 
reservoir. Pour additional toluene to fill 
the reservoir approximately 2/3 full. Add 
Teflon boiling chips and assemble the ap- 
paratus. Adjust the heat source to cause 
the extractor to cycle three times per 
hour. Extract the sample for 16 hours. 
After extraction, allow the Soxhlet to 
cool. Transfer the toluene extract and 
three 10-ml rinses to the rotary evapora- 
tor, Concentrate the extract to approxi- 
mately 10 ml. At this point the analyst 
may choose to split the sample in half. If 
so, split the sample, store one half for fu- 
ture use, and analyze the other according 
to the procedures in sections 5.2 and 5.3. 
In either case, use a nitrogen evaporative 
concentrator to reduce the volume of the 
sample being analyzed to near dryness. 
Dissolve the residue in 5 ml of hexane. 

5.1.6 Container No. 3 (Toluene Rinse). 
Add 100 pI of the Internal Standard solu- 
tion (section 3.3.2) to the contents of the 
container. Concentrate the sample to a 
volume of about 1-5 ml using the rotary 
evaporator apparatus a t  a temperature of 
less than 37 " C .  Rinse the sample 
container apparatus at a temperature of 
less than 37 " C .  Rinse the sample 
container three times with small portions 
of toluene and add these to the concen- 
trated solution and concentrate further to 
near dryness. Analyze the extract sepa- 
rately according to the procedures in sec- 
tions 5.2 and 5.3, but concentrate the so- 
lution in a rotary evaporator apparatus 
rather than a nitrogen evaporative con- 
centrator. 

5.2 Sample Cleanup and Fractionation. 
5.2.1 Silica Gel Column. Pack one end 

of a glass column, 20 mrn x 230 mrn, with 
glass wool: Add in sequence, 1 g silica gel, 
2 g of sodium hydroxide impregnated siii- 
ca gel, 1 g silica gel, 4 g of acid-modified 
silica gel, and 1 g of silica gel. Wash the 
column with 30 ml of hexane and discard 
it. Add the sample extract, dissolved in 5 
rnl of hexane to the column with two addi- 
tional 5-ml rinses. Elute the column with 
an additional 90 ml of hexane and retain 
the entire eluate. Concentrate this solu- 
tion to a volume of about I ml using the 
nitrogen evaporative concentrator (section 
2.3.7). 

5.2.2 Basic Alumina column. Shorten 
a 25-ml disposable Pasteur pipette to 
about 16 mi. Pack the lower section with 
glass wool and 12 g of basic alumina. 
Transfer the concentrated extract from 
the silica gel column to the top of the 
basic alumina column and elute the col- 
umn sequentially with 120 mi of 0.5 per- 
cent methylene chloride in hexane fol- 
lowed by 120 ml of 35 percent methylene 
chloride in hexane. Discard the first I20 
ml of eluate. Collect the second 120 ml of 
eluate and concentrate it to about 0.5 rnl 
using the nitrogen evaporative concentra- 
tor. 

5.2.3 AX-21 Carbon/Celite 545 Col- 
umn. Remove the botton 0.5 in. from the 
tip of a 9-ml disposable Pasteur pipette. 
Insert a glass fiber filter disk in the top of 
the pipette 2.5 cm from the constriction. 
Add sufficient carbon/celite mixture to 
form a 2 crn column. Top with a glass 
wool plug. In some cases AX-21 carbon 
fines may wash through the glass wool 
plug and enter the sample. This may be 
prevented by adding a celite plug to the 
exit end of the column. Rinse the column 
in sequence with 2 ml of 50 percent ben- 
zene in ethyl acetate, 1 ml of 50 percent 
methylene chloride in cyclohexane, and 2 
ml of hexane. Discard these rinses. Trans- 
fer the concentrate in 1 mi of hexane from 
the basic alumina column to the car- 
bon/celite column along with 1 ml of hex- 
ane rinse. Elute the column sequentially 
with 2 ml of 50 percent methylene chlo- 
ride in hexane and 2 rnl of 50 percent 
benzene in ethyl acetate and discard these 
eluates. Invert the column and elute in the 
reverse direction with 13 rnl of toluene. 
Collect this eluate. Concentrate the eluate 
in a rotary evaporator a t  50 ' C  to about 1 
ml. Transfer the concentrate to a Reacti- 
vial using a toluene rinse and concentrate 
to a volume of 200 pl using a stream of 
Nz. Store extracts a t  room temperature, 
shielded from light, until the analysis is 
performed. 

5.3 Analysis. Analyze the sample with 
a gas chromatograph coupled to a mass 
spectrometer (GC/MS) using the instru- 
mental parameters in sections 5.3.1 and 
5.3.2. Immediately prior to analysis, add 
a 20 PI aliquot of the Recovery Standard 
solution from Table 1 to each sample. A 2 
p1 aliquot of the extract is injected into 
the GC. Sample extracts are first ana- 1 
lyzed using the DB-5 capillary column tor, 
determine the concentration of each iso-J 

mer of PCDD's and PCDF's (tetra- 
through oct a-)  . I f  t e t ra-c hlorina ted 
dibenzofurans are detected in this analy- 
sis, then analyze another aliquot of the 
sample in a separate run, using the DB- 
225 column to measure the 2,3,7,8 tetra- 
cbloro dibenzofuran isomer. Other col- 
umn systems may be used, provided that 
the user is able to demonstrate using cali- 
bration and performance checks that the 
column system is able to meet the specifi- 
cations of section 6.1.2.2. 

5.3. I Gas Chromatograph Operating 
Conditions. 

5.3.1.1 Injector. Configured for capil- 
lary column, splitless, 250" C.. 

5.3.1.2 Carr ier  Gas .  Hel ium, 1-2 
ml/min. 

5.3.1.3 Oven. Initially a t  150'C. Raise 
by at  least 40"C/min to 19O'C and then 
at  3 'C/min up to 300'C, 

5.3.2 High Resolution Mass Spectrom- 
eter. 

5.3.2.1 Resolution. 10000 m/e. 
5.3.2.2 Ionization Mode. Electron irn- 

5.3.2.3 Source Temperature 250°C. 
5.3.2.4 Monitoring Mode. Selected ion 

monitoring. A list of the various ions to be 
monitored is summarized in Table 3. 

5.3.2.5 Identification Criteria. The fol- 
lowing identification criteria shall be used 
for the characterization of polychlorinat- 
ed dibenzodioxins and dibenzofurans. 

1. The integrated ion-abundance ratio 
(M/M+:! or M+2/M+4) shall be within 
15 percent of the theoretical value. The 
acceptable ion-abundance ratio ranges for 
the identification of chlorine-containing 
compounds are given in Table 4. 

2. The retention time for the analytes 
must be within 3 seconds of the corre- 
sponding w - l a  beled internal standard, 
surrogate or ahernate standard. 

3. The monitored ions, shown in Table 
3 for a given anaiyte, shall reach their 
maximum within 2 seconds of each other. 
4. The identification of specific isomers 

that do not have corre~ponding~~C-labeled 
standards is done by comparison of the 
relative retention time ( R R T )  of the 
analyte to the nearest internal standard 
retention time with reference (i.e., within 
0.005 RRT units) to the comparable 
RRT's found in the continuing calibra- 
tion. 

5. The signal to noise ratio for all moni- 
tored ions must be greater than 2.5. 

pact. 

. .. 

. .  :z . 

. I  , 

.*  . . 
. .  . 
. .. 

[Part 60, Appendix A, Method 231 

8-27-93 Copyrtght 0 1993 by The Bureau of National Affairs, Inc. 
001 3-921 1 /93/SO+S1 .OO 

725 



1 20: 1302 FEDERAL REGULATIONS 

6 .  The confirmation of 2, 3 ,  7, 8-TCDD isomers. Resolution is defined as a valley 
and 2,3,7,X-TCDF shall satisfy all of the between peaks that is less than 25 percent 
above identification criteria, of the lower of the two peaks. Identify and 

7. For the identification of PCDF‘s, no record the retention time windows for 
signal may be found in the corresponding each homologous series. 
PCDPE channels. Perform a similar resolution check on 

5.3.2.6 Quantification.. The peak areas the confirmation column to document the 
for the two ions monitored for each resolution between 2,3,?,8 TCDF and oth- 
analyte are summed to yield the total re- er TCDF isomers. 
sponse for each analyte. Each -internal3 6.2 Lock Channels. Set mass spectrom- 
standard is used to quantify the indige- ’ eter lock channels as specified in Table 3. 
nous PCDD’s or PCDF’s in its homolo- . 
gous series. -For example, the I3C12- 
2,3,7,8-tetra chlorinated dibenzodioxin is 
used to calculate the concentrations of all 
other tetra chlorinated isomers. Recov- 
eries of the tetra- and penta- internal stan- 
dards are calculated using the 13C12- 
1,2,3,4-TCDD. Recoveries of the hexa- 
through octa- internal standards are cal- 
culated using 13C~r-1,2,3,7,8,9-HxCDD. 
Recoveries of the surrogate standards are 
calculated using the corresponding homo- 
log from the internal standard. 
6. Calibration 

additions. 
Same as Method 5 with the following 

6.1 GC/MS System. 
6.1.1 Initial Calibration. Calibrate the 

GC/MS system using the set of five stan- 
dards shown in Table 2. The relative stan- 
dard deviation for the mean response fac- 
tor from each of the unlabeled analytes 
(Table 2) and of the internal, surrogate, 
and alternate standards shall be less than 
or equal to the values in Table 5.  The 
signal to noise ratio for the GC signal 
present in every selected ion current pro- 
file shall be greater than or equal to 2.5. 
The ion abundance ratios shall be within 
the control limits in Table 4. 

6.1.2 Daily Performance Check. 
6.1.2.1 Calibration Check. Inject on pl 

of solution Number 3 from Table 2. Cal- 
culate the relative response factor (RRF) 
for each compound and compare each 
RRF to the corresponding mean RRF o b  
tained during the initial calibration. The 
analyzer performance is acceptable if the 
measured RRF’s for the labeled and unla- 
beled compounds for the daily run are 
within the limits of the mean values 
shown in Table 5. In addition, the ion- 
abundance ratios shall be within the al- 
lowable control limits shown in Table 4. 

6.1.2.2 Column Separation Check. In- 
ject a solution of a mixture of PCDD’s 
and PCDF’s that documents resolution 
between 2,3,7,8-TCDD and other TCDD 

Monitor the quality control check chan- 
nels specified in Table 3 to verify instru- 
ment stability during the analysis. 
7. Quofity Conrrol 

7.1 Sampling Train Collection Efficien- 
cy Check, Add 100 FLL of the surrogate 
standards in Table 1 to the absorbent car- 
tridge of each train before collecting the 
field samples. 

7.2 Internal Standard Percent Recov! 
eries. .A group of nine carbon labeled 
PCDD’s and PCDF’s. representing, the 
tetra-through octachlorinated horno- 
logues, is added to every sample prior to 
extraction. The role of the internal stan- 
dards is to quantify the native PCDD’s: 
and PCDF’s present in the sample as well 
as to determine the overall method efi-: 
ciency. Recoveries of the internal stan- 
dards must be between 40 to 130 percent 
for the tetra-through hexachlorinated 
compounds while the range is 25 to 130 
percent for the higher hepta- and 
octachlorinated homologues. 

7.3 Surrogate Recoveries.. The five sur- 
rogate compounds in Table &are added to 
the resin in the adsorbent sampling car- 
tridge before the sample is collected. The 
surrogate recoveries are measured rela- 
tive to the internal standards and are a 
measure of collection efficiency. They are 
not used to measure native PCDD’s and 
PCDF’s. All recoveries shall be between 
70 and 13Gpercent. Poor recoveries for Zl1 
t n e - y  be an indication of 
breakthrough in the sampling train. If the 
recovery of all standards is below 70 per- 
cent, the sampling runs must be repeated. 
As an alternative, the sampling runs do 
not have to be repeated if the final results 
are divided by the fraction of surrogate 
recovery. Poor recoveries of isolated sur- 
rogate compounds should not be grounds 
for rejecting an entire set of the samples. 
7.4 Toluene QA Rinse. Report the re- 

sults of the toluene QA rinse separately 
from the total sample catch. Do not add it 
to the total sample. 

8. Quality Assurance 
8.1 Applicability. When the method is 

used to analyze samples to demonstrate 
compliance with a source emission regula- 
tion, an audit sample must be analyzed, 
subject to availability. 

8.2 Audit Procedure. Analyze an audit 
sample with each set of compliance sarn- 
ples. The audit sample contains tetra 
through octa isomers of PCDD and 
PCDF. Concurrently, analyze the audit 
sample and a set of compiiance sarnples‘in 
the same manner to evaluate the tech- 
nique of the analyst and the standards 
preparation. The same analyst, analytical 
reagents, and analytical system shall be 
used both for the compliance samples and 
the EPA audit sample. 

8.3 Audit Sample Availability. Audit 
samples will be supplied only to enforce- 
ment agencies for compIiance tests. The 
availability of audit samples may be o b  
tained by writing: Source Test Audit Co- 
ordinator (MD-77B), Quality Assurance 
Division, Atmospheric Research and Ex- 
posure Assessment Laboratory, U S .  En- 
vironmen tal Protection Agency, Research 
Triangle Park, NC 277 11, or by calling 
the Source Test Audit Coordinator 
(STAC) at  (919) 541-7834. The request 
for the audit sample must be made at 
least 30 days prior to the scheduled com- 
pIiance sample analysis. 
8.4 Audit Results. Calculate the audit 

sample concentration according to the cal- 
culation procedure described in the audit 
instructions included with the audit sam- 
ple. Fill in the audit sample concentration 
and the analyst’s name on the audit re- 
sponse form included with the audit in- 
structions. Send one copy to the EPA Re- 
gional Office or the appropriate enforce- 
ment agency and a second copy to the 
STAC. The EPA Regional office or the 
appropriate enforcement agency will re- 
port the results of the audit to the labora- 
tory being audited. Include this response 
with the results of the compliance samples 
in relevant reports to the EPA Regional 
Office or the appropriate enforcement 
agency. 
9. Calculations 

following additions. 
’ 9.1 Nomenclature. 

Same as Method 5, section 6 with the 

Aai=Integrated ion current of the noise 
at the retention time of the analyte. 

A*pIntegrated ion current of the two 
ions characteristic of the internal 
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............................ 'Clrl.2.3,6,7,8-H~CDf 
......................... RRF,,=Recovery standard response CT, = 2: cI Eq* 23-8 'F1rl,2,3,4.6,7,8-HpCDF 

RRF,=Surrogate compound response "Cl4-2.3.7.8-TCDD 
factor. i=l Surrogate Standards: 

.................................... 
........................... '%1rl,2.3.4.7,8-H~CDO 

1Flt2.3,4,7,8-PeCOF 
'Ftpl,2,3,4,7.8-H~CDF 

............................... factor. 
............................ 9.2 Average Relative Response Factor. 
......................... ny PCDD's or PCDF's that are re- ' 3 'Clrl,2,3,4.7.8.9-HpCDF 

rted as nondetected (below the MDL) a Recovery Standards: 
.................................... 1 n 4 m'd Eq. 23-1 +- +-.- 'Firl.2.3.4-TCDD 

RRFl= - s be counted as for the P U T e  On& 'Flrl,2.3.7,8,9-HxCDD ........................... 

standard i i n  the calibration stan- 
dard. 

Acjjj=Integrated ion current of the two 
ions characteristic of compound i in 
the jth calibration standard. 

A*,ij=Integrated ion current of the two 
ions characteristic of the internal 
standard i in the jth calibration stan- 
dard. 

A,i=integrated ion current of the two 
ions characteristic of surrogate com- 
pound i in the calibration standard. 

Ai=Integrated ion current of the two 
ions characteristic of compound i in 
the sample. 

100 
100 

100 
100 
100 
100 
100 

500 
500 

A*i=Integrated ion current of the two 
ions characteristic of internal stan- 
dard i in the sample. 

An=Integrated ion current of the two 
ions characteristic of the recovery 
standard. 

A,i=Integrated ion current of the two 
ions characteristic of surrogate com- 
pound i in  the sample. 

Ci=Concentration of PCDD or PCDF i 
in the sample, pg/ M3. 

Cr=Total concentration of PCDD's or 
PCDF's in the sample, pg/ M3. 

mci=Mass of cornpound i in the calibra- 
tion standard injected into the ana- 

m,,=Mass of recovery standard in the 
calibration standard injected into the 
analyzer, pg. 

msi=Mass of surrogate compound i in 
the calibration standard, pg. 

RRFi=Relative response factor. 

lyzer, Pg- 

of Chlorinated Organic Compounds in 

partment of Energy and US. Environ- 
mental Protection Agency. Washington 
DC. December 1984. 25 p, 
2. American Society of Mechanical En- 

gineers. Analytical Procedures to Assav 

Stack Emissions. Prepared for US. De- Compound 

Alternate Standard: 

HxCDF ................. 
Recoverv Standards: 

"Cip1,2,3.7.8,9- 

9.5 Recovery of Internal Standards 
(R*). 

Concentrations (pg/pL) 

Solution No. 

1 2 3 4 5  

2.5 5 25 250 500 

9.6 Surrogate Compound Response 
Factor. 

%' ma 

Aa rnd* 
RRF.= Eq. 23-5 

9.7 Recovery of Surrogate Compounds 
(RS). 

9.8 Minimum Detectable  Limit 
(MDL). 

2.5 A.I mi' 
MDL= 

&' RRFl 
Eq. 23-7 

Polychlorinated Dibenzofurans (PCDF). 
Prepared for the U S .  Department of En- 
ergy and US. Environmental Protection 
Agency. Washington, DC. December 
1984. 23 p. 

3.  Thompson, J. R. (ed.). Analysis of 
Pesticide Residues in Human and Envi- 
ronmental Samples. U.S. Environmental 
Protection Agency. Research Triangle 
Park, NC. 1974. 
4. Triangle Laboratories. Case Study: 

Analysis of Samples for the Presence of 
Tetra Through Octachloro-p-Dibenzodi- 
oxins and Dibenzofurans. Research Tri- 
angle Park, NC. 1988. 26 p. 

5. U.S. Environmental Protection 
Agency. Method 8290-The Analysis of 
Polychlorinated Dibenzo-p-dioxin and 
Polychlorinated Dibenzofurans by High- 
Resolution Gas Chrornotography/High- 
Resolution Mass Spectrometry. In: Test 
Methods for Evaluating Solid Waste. 
Washington, DC. S W-846. 

TABLE 1 -COMPOSITION OF THE SAMPLE FOR- 
TIFICATION AND RECOVERY STANDARDS SOLU- 

TIONS 

Analyte 
Concentra- I tion (pg/d) 

Internal Standards: 
'%ip2.3,7,8-TCDD .................................... 
W1r1,2.3,7,8-PeCDD .............................. 
"Citl.2.3,6.7,&HxCDO ........................... 
"C1~1,2.3,4,6,7.8-HpCDD ........................ 
'LCirOCOD ....... 2 ...................................... 
%1t2.3.7 B-TCDF .................................... 
'Clrl,2.3.7.8-PeCDF ............................... 

9.9 Total Concentration of PCDD's and 
PCDF's in the Sample. 

9.3 Concentration of the PCDD's and 
PCDF's. 

m i  4 

N RRFl V w  
G =  Eq. 23-2 

9.4 Recovery Standard Response Fac- 
tor. 

&'mN 

An mu* 
RRFn = Eq. 23-3 

8-27-93 

100 
100 
100 
1 OD 
100 
100 
100 
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TABLE 2-COMPOSITION OF THE INITIAL CALI- 

BRATION SOLUTIONS 
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Descrip- 
tor No. 

TABLE 3-ELEMENTAL COMPOSITIONS A N D  EXACT MASSES OF THE I O N S  MONITORED 
BY HIGH RESOLUTION MASS SPECTROMETRY FOR PCDD'S AND PCDF'S 

Accurate mass 

292.9825 
303.901 6 
305.8987 
31 5.941 9 
31 7.9389 
31 9.8965 
321 -8936 
327.8 847 
330.9792 
331 9368 
333.9339 
33 9.85 97 
341 -8567 
351 -9000 
353.8970 
355,8546 
357.851 6 
367.8949 
369.891 9 
375.8364 
409.7974 
373.8208 
375.81 78 
383.8639 
385.861 0 
389.81 57 
391 .B127 
392.9760 
401.8559 
403.8529 
445.7555 
430.9729 
407.781 8 
409.7789 
41 7.8253 
41 9.8220 
423.7766 
425.7737 
435.81 69 
437.81 40 
479.71 65 
430.9729 
441.7428 
443.7399 
457.7377 
459.7348 
469.7779 
471.7750 
513.6775 
442.9728 

Ion type 

LOCK 
M 
M + 2  
M 
M+2 
M 
M + 2  
M 
QC 
M 
M+2 
M+2 
M+4 
M+2 
M+4 
M+2 
M+4 
M+2 
M+4 
M+2 
M+2 
M+2 
Mi-4 
M 
M+2 
M+2 
M+4 
LOCK 
M+2 
M+4 
M+4 
QC 
M+2 
M+4 
M 
Mi-2 
M+2 
M+4 
Mi-2 
M+4 
M+4 

M+2 
M+4 
M + 2  
M+4 
M+2 
M+4 
M+4 
QC 

LOCK .;i 

(a) The following nuclidic masses were used: 
H = 1.007825 
c = 12.000000 
*% = 13.003355 
F = 18.9984 
0 = 15.994915 
XCI = 34.968853 
37Cl = 36.965903 
S = Labeled Standard 

Elemental composition Analyte 

P FK 
TCDF 
TCDF 
TCDF (S) 
TCDF (S)  
TCDD 
TCDD 
TCDD (S) 
PFK 
TCDD (S) 
TCDD (S) 
PECDF 
PeCDF 
PeCDF (S) 
PeCDF (S)  
PeCDD 
PeCDD 
PeCDD (S) 
PeCDD (S) 
HxCDPE 
HpCPDE 
HxCDF 
HxCDF 
HxCDF (S) 
HxCDF (S)  
HxCDD 
HxCDD 
PFK 
HxCDD (S) 
HxCDD (S) 
OCDPE 
PFK 
HpCDF 
HpCDF 
HpCDF (S)  
HpCDF (S) 
HpCDD 
HpCDD 
HpCDD (S) 
HpCDD (S) 
NCPDE 
PFK 
OCDF 
OCDF 
OCDD 
OCDD 
OCDD (S) 
OCDO (5) 
DCDPE 
PFK 

QC = Ion selected for monitoring instrument stability during the GC/MS analysis. 
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TABLE 5-!dINIMUM REOUIREMENTS FOR INI- 
TABLE 4-ACCEPfABLE ‘ON- TIAL AND DAILY CALIBRATION RESPONSE FAG 

TORS-COtItd. ABUNDANCE RATIOS OF P C D D ’ s  AND PCDF’s 

Relative response factors No. of 
chlonne kin Vpe 
atoms 1 1 ratio I Lower I Upper Cornaound I Initial I Dailv p 0.44 0.37 

1.04 0.88 
0.89 0.76 

- 
0.89 
1.78 
1.43 
0.59 
0.51 
1.20 
1.02 

difference 

Alternate 
Standard: 

HxCDF ...................... 1aCia- 1,2,3,7,8,9- 

1 

Used only for %-HxCDF. 
Used only for ‘C-HpCDF. 

TABLE 5-MINIMUM REQUIREMENTS FOR INI- 
TIAL AND DAILY CALIBRATION RESPONSE FAC- 

TORS 

Compound 

Unlabeled 
Analytes: 

2,3,7,&TCDD ............... 
2.3.73-TCDF ............... 
1.2.3.7,8-PeCDF .......... 
2,3,4.7,8-PeCDF .......... 
1 .2.4.5,7.a-~xc~0 ...... 

1,2.3.7,B-PeCDD .......... 

1.2,3.6.7,8-H~CDU ...... 
1.2.3.7,8,9-H~CDD ...... 
1.2,3,4.7.8-H~CDF ....... 
1.2,3.6,7,8-H~CDF ....... 
1.2,3.7.8,9-HxCDF ....... 
2,3,4.6.7,8-HxCDF ....... 
1,2,3.4,6,7,8-HpCOD ... 
1.2.3,4,6,7,8-HpCOF .... 
OCDD .......................... 
OCDF ........................... 

internal 
Standards: 

“Ctr2.3,7,8-TCDD ...... 
i a C l t - l  ,2.3,6,7,8- 

HxCDD ..................... 
iaCia-l,2.3.4,6,7,8, 

HpCOO ..................... 
“GrOCDD ................. 
‘%ir2.3.7 ,&TCDF ...... 
‘%irl.2,3.7,8-PsCDF 
”C ix - l ,2 ,3 ,6 .7 ,8 -  

HxCDF ...................... 
‘ a C 1 ~ - l  ,2.3.4,6.7.8, 

HpCDF ..................... 
Standards: 

‘ % I ~ ~ . ~ . ~ . ~ , & P o C D D  

Surrogate 

~C4-2.3.7.8-TCDD .._. _. 
‘%1~-2,3.4,7.8-PeCDF 
“CIS-1 . 2 , 3 , 4 , 7 , 8 -  

HxCDD ..................... 
”C1s- 1.2,3,4.7,8. 

HxCDF ...................... 
”Cis-  1.2,3,4,7,8.9 

HpCDF ..................... 

Relative response factors 

Initial 
calibration 

RSD 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
30 

25 

25 

3c 

3c 
3c 
3c 
3c 

3c 

30 

2: 
25 
2: 

25 

2: 

Daily 
:ahbration % 
difference. 

2f 
21 
2! 
2! 
2! 
2! 
2! 
2! 
2! 
2! 
21 
2! 
2! 
2: 
2! 
3 

2 
31 
2 

31 

3 
3 
3 
3 

3 

2 
2 
2 

2 

2 

2.5 ASTM 104457-85 Standard 
Method for Determination of Dichl 
methane and 1,1,1 -Trichloroethan 
Paints and Coatings by Direct 
into a Gas Chromatograph (inc 
by reference-see 560.17). 

3. Procedure 
3.1 Multicornponen 

ticomponent coatings 
are packaged in two or 

, are combined before 

TENT, WATER er pa 
TY, V O L U M E  ! total 
HT SOLIDS OF? densi 

of dish and sample after 

pairs (duplicate sets) 
ti1 the criterion in Sec- 

Use the apparatus, reagents, and 
dures specified in the standard m 
below: 

2.1 ASTM D1475-60 (Reapprove 
1980), Standard Test Method for Density 
of Paint, Varnish, Lacquer, and Related 
Products (incorporated by reference-see 
$60.1 7).  

2.2 ASTM D2369-81, Standard 
Method for Volatile Content of Coa 

arithmetic average (W,). 
er Content. For waterborne 
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n sampling by purging the 
and cooling coil with at least 

Administrator. 

mended procedures for the normal O D ~ W  

propane. 
6.1.1.1 Use the procedures in S 

dures in Sections 7.2 and 7. 

and at the end of the d 
the following procedur 
ibration standards at 

values for k and 

ifTerence between 
C,. If the differ- 

of 200,000, 300,000, and 400,000 ppm a 7.2.1 Calculate the average measure 
andard concentration (Cma) for each s J t 

and use the €011 - 
to calculate the percent if- 

between C,, and C,. f 

standards. 

tion of the headspace sampler and 
5.2.4 Use the procedures in 

7.4 and 7.5 to caIculate the 
organic vapor pressure in the samples. 

tor being to properIy make certain recorded. that the results are 
5.2.5 Monitor the output of the detec- 

6. Operational Checks and Calibration 

Nomenclature. i C,= 7.5 k][ Va or Pressure Eq.2SE4 of Org 
Headspa, e Sample. Use the 
epuatio to calculate the vap 
of org 

ent of the area under the 
0UntS: 
linear regression line. ics in the sample. vapor phase organic Maintain a record of performance 

each item. 
6.1 Use the procedures in 

to calibrate the headspace 
FID and check for lineari \ tion of &pie, ppm as 

e 8 s d  vapor phase organic * 
n of standard, ppm as 

' 

added a t  59 FR 

propane. 

8S I)mW.De. 
I METHOD 26-DETERMINATION OF HY- 

DROGEN C H L O R I D E  EMISSIONS I 
I FROM STATIONARY SOURCES 

".\- 
P* = Organic vapor press in the sample. 

kPa (Dsil. 
@ = 1*333k iO-' kPd"mm 1, Applicability, Principle, Inter fer,once,y, 

Precision, Bias, and Stability 

1.1 Applicability. This method is appli- 
cable for determining emissions of hydro- 
gen halides (HX) [hydrogen chloride 
(HCI), hydrogen bromide ( HBr), and hy- 

of three calibration I 

e applicable cutoff. tion to calculate the meaSure a prepare nominal 
,600, 50,000, and concentration for each standar 

x lo-' Psi"(in* Hd(Wm 
te at concentrations 7.2 Linearity. Use the folio 

C, = k.A + b Eg. 25E1 

2-3-95 
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drogen fluoride (HF)] and halogens (X2) 
[chlorine (Clz) and bromine (Brz)] from 
stationary sources. Sources, such as those 
controlled by wet scrubbers, that emit 
acid particulate matter must be sampled 
using Method 26A. 

[Note: Mention of trade names or spe- 
cific products does not constitute endorse- 
ment by the Environmental Protection 
Agency. J 
[ l . l  revised at 59 FR 19308, April 22, 
19941 

1.2 Principle. An integrated sample is 
extracted from the source and passed 
through a prepurged heated probe and fil- 
ter into dilute sulfuric acid and dilute so- 
dium hydroxide sohtions which colIect 
the gaseous hydrogen halides and halo- 
gens, respectively. The filter collects other 
particulate matter including halide safts. 
The hydrogen halides are  solubilized in 
the acidic solution and form chloride (CP 
), bromide (Br-), and fluoride (F)  ions. 
The halogens have a very low solubility in  
the acidic solution and pass through to the 
alkaline solution where they are hydro- 
lyzed to form a proton (H+), the halide 
ion, and the hypohalous acid (WCIO or 
HBrO), Sodium thiosulfate is added in 
excess to the alkaline solution to assure 
reaction with the hypohalous acid to form 
a second halide ion such that 2 halide ions 
are formed for each molecule of halogen 
pas. The haiide ions in the separate soh- 
ions are measured by ion chromatogra- 

PhY (IC). 

[ 1.2 revised at 59 FR 19308, April 22, 
19941 

1.3 Interferences. Volatile materials, 
such as chlorine dioxide (ClOz) and am- 
monium chloride (NHdCI), which pro- 
duce halide ions upon dissolution during 
sampling are potential interferents. In- 
terferents for the halide measurements 
are the halogen gases which dispropor- 
tionate to a hydrogen halide and a 
hydrohalous acid upon dissolution in wa- 
ter. However, the use of acidic rather 
than neutral or basic solutions for collec- 
tion of the hydrogen halides greatly 
reduces the dissolution of any halogens 
passing through this solution. The simul- 
taneous presence of HBr and CLzmay 
cause a positive bias in the HCL result 
with a corresponding negative bias in the 
Clzresult a s  well as  affecting the  
HBr/Br2split. High concentrations of ni- 
trogen oxides NOx) may roduce suffi- 
cient nitrate (do,-) to intergre with mea- 
surements of very )ow Brlevels. 

i1.3 revised at 59 FR 19308, April 22, 
19941 

I .4 Precision and Bias. The within-labo- 
ratory relative standard deviations are 6.2 
and 3.2 percent at HC1 concentrations of 
3.9 and 15.3 pprn, respectively. The meth- 
od does not exhibit a bias to C12 when 
sampling at concentrations Iess than 50 
FPm. 

1.5 Sample Stability. The collected C1- 
samples can be stored for up to 4 weeks. 

[1.5 revised at 59 FR 19308, April 22, 
19941 

1.6 Detection Limit. The analytical de- 
tection limit for C1-is 0.1 pg/ml. Detec- 
tion limits for the other analyses should 
be similar. 

[ 1.6 revised at 59 FR 19308, April 22, 
19941 

2. Apporat us 

2.1 Sampling. The sampling train is 
shown in Figure 26-1, and component 
parts are discussed below. 

2.1.1 Probe. Borosiiicate glass, approxi- 
mately '/g-in. (9-mm) X.D. with a heating 
system to prevent moisture condensation. 
A Teflon-glass filter in a mat configura- 
tion shall be installed behind the probe to 
remove articulate matter from the gas 
stream g e e  section 2.1.5). A glass wool 
plug should not be used to remove partic- 
ulate matter since a negative bias in the 
data could result. 

2.1.2 Three-way Stopcock. A borosiii- 
cate glass three-way stopcock with a heat- 
ing system to prevent moisture condensa- 
tion. The heated stopcock should connect 
directly to the outlet of the heated filter 
and the inlet of the first impinger. The 
heating system shall be capable of 
preventing condensation up to the inlet of 
the first impinger. Silicone grease may be 
used, if necessary, to prevent leakage. 

5-27-94 
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Purnc - 
ass S:opcock 

Empty 0 1 N HZSW C 1 N NaOH 

r u g c  

@ V C O C ~ E ~  ( F i g u r e  is; 

@ P u r g i n g  (Fsgure l h )  

Gry Gas Utter 

- .  
t q p r e  26-  1 Sanpling t r ' a ic  

[Figure 26-1 revised a t  59 FR 19308, 
April 22, 19943 

2.1.3 Irnpingers. Four 30-ml midget im- 
pingers with leak-free glass connectors. 
Silicone grease may be used, if necessary, 
to prevent leakage. For sampling at high 
moisture sources or for sampling times 
greater than 1 hour, a midget impinger 
with a shortened stem (such that the gas 
sample does not bubble through the col- 
lected condensate) should be used in front 
of the first impinger. 

2.1.4 Drying Tube or Impinger. Tube 
or impinger, of Mae West design, filled 

with 6- to 16-mesh indicating type silica 
gel, or equivalent, to dry the gas sample 
and to protect the dry gas meter and 
pump. If the silica gel has been used pre- 
viously, dry at  175 "C (350 "F) for 2 
hours. New silica gel may be used as re- 
ceived. Alternatively, other types of desic- 
cants (equivalent or better) may be used. 

When the stack gas temperature ex- 
ceeds 210'C (410°F) and the HCI con- 
centration is greater than 20 ppm, a 
quartz-fiber filter may be used. 

12.1.5 revised at 59 FR 19308, April 22, 
19941 

2.1.6 Filter Holder and Support. The 
filter holder should be made of Teflon or 
quartz. The filter support shall be made of 
Teflon. All-Teflon filter holders are avai- 
h b e  from SaviIIex Corp., 5325 Hwy. 101, 
Minnetonka, MN 55345. 

2.1.7 Sample Line. Leak-free, with 
compatible fittings to connect the last im- 
pinger to the needle valve. 

2.1.8 Rate Meter. Rotameter, or equiv- 
alent, capable of measuring flow rate to 

5-27-94 
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within 2 percent of the selected flow rate 
of 2 liters/min. 

2.1.9 Purge Pump, Purge Line, Drying 
Tube, Needle Valve, and Rate Meter. 
Pump capable of purging the sampling 
probe a t  2 .liters/rnin, with drying tube, 
filled with silica gel or equivalent, to pro- 
tect pump, and a rate meter capable of 
measuring 0 to 5 liters/min. 

2. I .10 Stopcock Grease, Valve, Pump, 
Volume Meter, Barometer, and Vacuum 
Gauge. Same as in Method 6, Sections 
2.1.4, 2.1.7, 2.1.8, 2.1.10, 2.1.11, and 
2.1.12. 

2.1.1 1 Temperature Measuring De- 
vices. Temperature measuring device to 
monitor the temperature of the probe and 
a thermometer or other temperature of 
the sampling system from the outlet of the 
probe to the inlet of the first impinger. 

2.1.12 Ice Water Bath. To minimize 
loss of absorbing solution. 

2.2 Sample Recovery. 
2.2.1 Wash Bottles. Polyethylene or 

glass, 500-ml or larger, two. 
2.2.2 Storage Bottles. 100- or 250-rn1, 

high-densit y pol ye t h  ylene bottles with 
Teflon* screw cap liners to store impinger 
samples. 

12.2.2 amended a t  59 FR 19308, April 22, 
19941 

2.3 Sample Preparation and Analysis. 
The materials required for volumetric di- 
lution and chromatographic analysis of 
samples are described below. 

2.3.1 Volumetric Flasks. Class A, 100- 
ml size. 

2.3.2 Volumetric Pipets. Class A, as- 
sortment. To dilute samples into the cali- 
bration range of the instrument. 

2.3.3 Ion Chromatograph. Suppressed 
or nonsuppressed, with a conductivity de- 
tector and electronic integrator operating 
in the peak area mode. Other detectors, 
strip chart recorders, and peak height 
measurements may be used. 

3. Reagents 
Unless otherwise indicated, all reagents 

must conform to the specifications es tab  
lished by the Committee on Analytical 
Reagents of the American Chemical Soci- 
ety (ACS reagent grade). When such 
specifications are not available, the best 
available grade shall be used. 

3. I .  Sampling. 
3.1.1 Water. Deionized, distilled water 

that conforms to ASTM Specification D 
1193-77, Type 3.  

3.1.2 Acidic Absorbing solution, 0.1 N 
Sulfuric Acid (H2SOs). To prepare 100 
ml of the absorbing solution for the front 
impinger pair, slowly add 0.28 ml of con- 
centrated HzS04 to about 90 ml of water 
while stirring, and adjust the final volume 
to 100 ml using additional water. Shake 
well to mix the solution. 
(3.1.2 amended at 59  FR 19308, April 22, 
19941 

3.1.3. Alkaline Absorbing Solution, 0.1 
N Sodium Hydroxide (NaOH). To pre- 
pare 100 ml of the scrubber solution for 
the back pair of impingers, dissolve 0.40 g 
of solid NaOH in about 90 ml of water, 
and adjust the finaI solution volume to 
100 ml using additional water. Shake well 
to mix the solution. 
[3.1.3 amended at 59 FR 19308, April 22, 
19941 

3.1.4 Sodium Thiosulfate (NazS203.5 
H 2 0 )  

l3.1.4 added at 59 FR 19308, April 22, 
19941 

3.2 Sample Preparation and Analysis. 
3.2.1 Water. Same as in Section 3.1.1. 
3.2.2 Absorbing Solution Blanks. A 

separate blank solution of each absorbing 
reagent should be prepared for analysis 
with the field samples. Dilute 30 ml of 
each absorbing solution to approximately 
the same final volume as the field samples 
using the blank sample of rinse water. 

[3.2.2 revised at 59 FR 19308, April 22, 
19941 

3.2.3 Halide Salt Stock Standard Solu- 
tions. Prepare concentrated stock solu- 
tions from reagent grade sodium chloride 
(NaCI), sodium bromide (NaBr), and so- 
dium fluoride (NaF). Each must be dried 
at 110°C for two or more hours and then 
cooled to room temperature in a desicca- 
tor immediately before weighing. Accu- 
rately weigh 1.6 to 1.7 g of the dried 
NaCl to within 0.1 mg, dissolve in water, 
and dilute to 1 liter. CatcuIate the exact 
Cl-concentration using Equation 26-1, 
pg Cl-/m! = g of NaCl X l O 3 ~  

In a similar manner, accurately weigh 
and solubilize 1.2 to 1.3 g of dried NaBr 
and 2.2 to 2.3 g of NaF  to make l-liter 
solutions. Use Equations 26-2 and 26-3 
to calculate the 3r- and Fconcentrations. 

NaBrX1O3X79.904/1O2.90 Eq. 26-2 

35.453/58.44 Eq. 26-1 

ILg B r - / m l = g  of  

pg F-/ml=g of NaFX103X18.998/41.99 
Eq. 26-3 

Alternately, sotutions containing a nomin- 
al certified concentration of 1000 mg/l 
NaCl are commercially available as con- 
venient stock solutions from which stan- 
dards can be made by appropriate volu- 
metric dilution, Refrigerate the stock 
standard solutions and store no longer 
than one month. 
[3.2.3 revised at 59 FR 19308, April 22, 
19941 

3.2.4 Chromatographic Eluent. EfTec- 
tive eluents for nonsuppressed IC using a 
resin- or silica-based weak ion exchange 
column are a 4 mM potassium hydrogen 
phthalate solution, adjusted to pH 4.0 us- 
ing a saturated sodium borate solution, 
and a 4 mM 4-hydroxy benzoate solution, 
adjusted to pH 8.6 using 1 N NaOH. An 
effective eluent for suppressed ion chro- 
matography is a solution containing 3 
m M  sodium bicarbonate and 2.4 mM so- 
dium carbonate. Other dilute solutions 
buffered to a similar pH and containing 
no interfering ions may be used. When 
using suppressed ion chromatography, if 
the “water dip” resulting from sample in- 
jection interferes with the chloride peak. 
use a 2 mM NaOH/2.4 rnM sodium bi- 
carbonate eluent. 
4. Procedure 

4.1 Sampling. 
4.1.1 Preparation of Collection Train. 

Prepare the sampIing train as follows: 
Pour 15 ml of the acidic absorbing solu- 
tion into each one of the first pair of imp- 
ingers, and 15 ml of the alkaline absorb- 
ing solution into each one of the second 
pair of impingers. Connect the impingers 
in series with the knockout impinger first, 
if used, followed by the two impingers 
containing the acidic absorbing sotution 
and the two impingers containing the al- 
kaline absorbing solution. Place a fresh 
charge of silica gel, or equivalent, in the 
drying tube or irnpinger a t  the end of the 
impinger train. 
[4.1.1 revised at 59 FR 19308, April 22, 
19941 

4.1.2 Adjust the probe temperature and 
the temperature of the filter and the stop- 
cock, i.e., the heated area in Figure 26-1 
to a temperature sufficient to prevent wa- 
ter  condensation. This tempcrature 
should be at least 20’ C above the source 
temperature, but not greater than 20’ C. 
The temperature should be monitored 
throughout a sampling run to ensure that 
the desired temperature is maintained. 
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4.1.3 Leak-Check Procedure, A leak- 
check prior to the sampling run is option- 
al; however, a leak-check after the sam- 
pling run is mandatory. The leak-check 
procedure is as follows: Temporarily at- 
tach a suitable (e.g., 0-40 cc/min) rota- 
meter to the cutlet of the dry gas meter 
and place a vacuum gauge at or near the 
probe inlet, pull a vacuum of a t  least 250 
mm Hg (10 in. Hg), and note the flow 
rate as indicated by the rotamcter. A 
leakage rate not in excess of 2 percent of 
the average sampling rate is acceptable. 
(NOTE.-Carefully release the probe inlet 
plug before turning off the pump.) It is 
suggested (not mandatory) that the pump 
be leak-checked separately, either prior to 
or after the sampling run. If done prior to 
the sampling run, the pump leak-check 
shall precede the leak-check of the sam- 
pling train described immediately above; 
if done after the sampling run, the pump 
leak-check shall follow the train leak- 
check. To leakcheck the pump, proceed 
as folIows; Disconnect the drying tube 
from the probe-impinger assembly. Place 
a vacuum gauge at the inlet to either the 
drying tube or pump, pull a vacuum of 
250 mm (1 0 in.) Hg. plug or pinch off the 
outlet of the flowmeter, and then turn off 
the pump. The vacuum should remain sta- 
ble for at least 30 sec. Other leak-check 
procedured may be used, subject to the 
approval of the Administrator, US. Envi- 
ronmental Protection Agency. 

4.1.4 Purge Procedure. Immediately 
before sampling, connect the purge line to 
the stopcock, and turn the stopcock to per- 
mit the purge pump to purge the probe 
(see Figure 1A of Figure 26-1). Turn on 
the purge pump, and adjust the purge rate 
to 2 liters/min. Purge for a t  least 5 min- 
utes before sampling. 

4.1.5 Sample Collection. Turn on the 
sampling pump, pull a slight vacuum of 
approximately 25 mm Hg (1 in. Hg) on 
the impinger train (see Figure 1C of Fig- 
ure 26-1). Adjust the s a m p h g  rate to 2 
liters/min, as indicated by the rate meter, 
and maintain this rate to within 10 per- 
cent during the entire sampling run. Take 
readings of the dry gas meter volume and 
temperature, rate meter, and vacuum 

gauge at least once every 5 minutes dur- 
ing the run. A sampling time of 1 hour is 
recommended. Shorter sampling times 
may introduce a significant negative bias 
in the HCl concentration. At the conclu- 
sion of the sampling run, remove the train 
from the stack, cool, and perform a leak- 
check as described in section 4.1.2. 

4.2 Sample Recovery. Disconnect the 
impingers after sampling. Quantitatively 
transfer the contents of the acid imp- 
ingers and the knockout impinger, if used, 
to-a leak-free storage bottle. .Add the wa- 
ter rinses of each of these irnpingers and 
connecting glassware to the storage bot- 
tle. Repeat this procedure for the alkaline 
impingers and connecting glassware using 
a separate storage bottle. Add 25 mg sodi- 
um thiosulfate per the product of ppm of 
halogen anticipated to be in the stack gas 
times the dscm stack gas sampled. [Note: 
This amount of sodium thiosulfate in- 
cludes a safety factor of approximateiy 5 
to assure complete reaction with the hy- 
pohalous acid to form a second C1- ion in 
the alkaline solution.] Save portions of the 
absorbing reagents (0.1 N HzS04 and 0.1 
N NaOH) equivalent to the amount used 
in the sampling train (these are the ab- 
sorbing solution blanks described in Sec- 
tion 3.2.2); dilute to the approximate vol- 
ume of the corresponding samples using 
rinse water directly from the wash bottle 
being used. Add the same amount of sodi- 
um thiosulfate solution to the 0.1 N 
NaOH absorbing solution blank. Also, 
save a portion of the rinse water used to 
rinse the sampling train. Place each in a 
separate, prelabeled storage bottle. The 
sample storage bottles should be sealed, 
shaken to mix, and labeled. Mark the Au- 
id level. 

[4,2 revised at 59 FR 19308, April 22, 
19941 

4.3 Sample Preparation for Analysis. 
Note the liquid levels in the storage bot- 
tles and confirm OR the analysis sheet 
whether or not leakage occurred during 
transport. If a noticeable leakage has oc- 
curred, either void the sample or use 
methods, subject to the approval of the 
Administrator, to correct the final results. 

Quantitatively transfer the sample solu- 
tions to 100-ml volumetric flasks, and di- 
lute to I00 ml with water. 

14.3 revised at 59 FR 19308, April 22, 
f994J 

4.4 Sample Analysis. 
4.4.1 The IC conditions will depend u p  

on analytical column type and whether 
suppressed or nonsuppressed IC is used. 
An example chromatogram from a non- 
suppressed system using a 150-mm Ham- 
ilton PRP-X100 anion column, a 2 
rnI/min flow rate of a 4 m M  4-hydroxy 
benzoate solution adjusted to a pH of 8.6 
using 1 N NaOH, a 50 p1 sample loop, 
and a conductivity detector set on 1.0 pS 
full scate is shown in Figure 26-2. 

4.4.2 Before sample analysis, establish 
st stable baseline. Next, inject a sample of 
water, and determine if any Ck, Br, or F- 
appears in the chromatogram. If any of 
these ions a re  present, repeat the  
load/injection procedure until they are no 
longer present. Analysis of the acid and 
alkaline absorbing solution samples re- 
quires separate standard calibration 
curves; prepare each according to Section 
5.2. Ensure adequate baseline separation 
of the analyses. 

[4.4.2 revised at 59 FR 19308, April 22, 
19941 

4.4.3 Between injections of the appro- 
priate series of calibration standards, in- 
ject in duplicate the reagent blanks, quali- 
ty control sample, and the field samples. 
Measure the areas or heights of the Cl., 
B r ,  and F peaks. Use the mean response 
of the duplicate injections to determine 
the concentrations of the field samples 
and reagent blanks using the linear cali- 
bration curve. The values from duplicate 
injections should agree within 5 percent of 
their mean for the analysis to be valid. 
Dilute any sample and the blank with 
equal volumes of water if the concentra- 
tion exceeds that of the highest standard. 

[4.4.3 revised a t  59 FR 19308, April 22, 
19941 

4.5 Audit, Analysis. An audit sample 
must be analyzed, subject to availability. 

5-27-94 
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Figure 26-2. Example Chromatogram 

5. Calibration 
5.1 Dry Gas Metering System, Ther- 

mometers, Rate Meter, and Barometer. 
Same as in Method 6 ,  sections 5.1, 5.2, 
5.3, and 5.4. 

5.2 Ion Chromatograph. To prepare the 
caiibration s tandards ,  dilute given 
amounts (1.0 ml or greater) of the stock 

5-27-94 

standard solutions to convenient volumes, 
using 0.1 N H2SO2 or 0.1 N NaOH, as 
appropriate. Prepare a t  least four calibra- 
tion standards for each absorbing reagent 
containing the appropriate stock solutions 
such that they are within the linear range 
of the field samples. Using one of the stan- 
dards in each series, ensure adequate 
baseline separation for the peaks of inter- 
est. Inject the appropriate series of cali- 
bration standards, starting with the lowest 
concentration standard first both before 
and after injection of the quality control 
check sample, reagent blanks, and field 
samples. This aIlows compensation for 
any instrument drift occurring during 
sample analysis. 

Determine the peak areas, or heights, 
for the standards and plot individual val- 
ues versus halide ion concentrations in 
pg/ml. Draw a smooth curve through the 
points. Use linear regression to calculate a 
formula describing the resulting linear 
curve. 

C5.2 revised at 59 FR 19308, April 22, 
19943 

6. Quality Assurance 
6.1 Applicability. When the method is 

used to analyze samples to demonstrate 
compliance with a source emission regula- 
tion, a set of two audit samples must be 
analyzed, 

6.2  Audit Procedure. The audit sampIe 
are chloride solutions. Concurrently ana- 
lyze the two audit samples and a set of 
compliance samples in the same manner 
to evaluate the technique of the analyst 
and the standards preparation. The same 
analyst, analytical reagents, and analyti- 
cal system shall be used both for cornpli- 
ance samples and the EPA audit samples. 
If this condition is met, auditing the sub- 
sequent compliance analyses for the same 
enforcement agency within 30 days is not 
required. An audit sample set may not be 
used to validate different sets of compli- 
ance samples under the jurisdiction of dif- 
feren t enforcement agencies, unless prior 
arrangements are made with both en- 
forcement agencies. 

6.3 Audit Sample Availability. The au- 
dit samples may be obtained by writing or 
calling the EPA RegionaI Office or the 
appropriate enforcement agency. The re- 
quest for the audit samples must be made 
at least 30 days prior to the scheduled 
compliance sample analyses. 

6.4 Audit Results. 

6.4.1 Calculate the concentrations in 
mg/dscm using the specified sample vol- 
ume in the audit instructions. 
NOTE Indication of acceptable results may be ob- 
tained immediately by reporting the audit results 
i n  mg/dscm and compliance results in total pg 
HCl/sample to the responsible enforcement agen- 
cy. Include the results of both audit samples, their 
identification numbers. and the analyst’s name 
with the results of the compliance determination 
samples in appropriate reports to the EPA Region- 
al Office or the appropriate enforcement agency. 
Include this information with subsequent analyses 
for the same enforcement agency during the 30- 
day period. 

6.4.2 The concentrations of the audit 
samples obtained by the analyst shal1 
agree within 10 percent of the actual con- 
centrations. If the 10 percent specification 
is not met, reanalyze the compliance sam- 
ples and audit samples, and include initial 
and reanalysis values in the test report. 

6.4.3 Failure to meet the 10 percent 
specification may require retests until the 
audit problems are resolved. However, if 
the audit results do not affect the cornpli- 
ance or noncompliance status of the af- 
fected facility, the Administrator may 
waive the reanalysis requirement, further 
audits, or retests and accept the results of 
the compliance test. While steps are being 
taken to resolve audit analysis problems, 
the Administrator may also choose to use 
the data to determine the compliance or 
noncompliance status of the affected facil- 
ity. 
7. Calculations 

Retain at least one extra decimal figure 
beyond those contained in the available 
data in  intermediate calculations, and 
round off only the final answer appropri- 
atefy. 

7.1 Sample Volume, Dry Basis, Cor- 
rected to Standard Conditions. Calculate 
the sample volume using Eq. 6-1 of Meth- 
od 6. 

7.2 Total pg HCI, HBr, or HF Per 
Sample. 

mHx=K V, (Sx--Bx-) Eq. 26-4 
where: 

Bx-=Mass concentration of applicable 
absorbing solution blank, pg halide 
ion (Cl-, Br-, F-)/mI, not to exceed 1 
pg/ml which is 10 times the pub- 
lished analytical detection limit of 

mHx=MaSS of HCI, HBr, or H F  in 
0.1 pg/rnl. 

sample, pg. 
Sx-=Analyss of sample, pg halide ion 

(Cl-, Br, F)/rnl. 
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V,=Voiume of filtered and diluted sam- 
ple, ml. 

Cl-/pg-mol e). 

Br/pg-mole) . 
/pg-mole). 

KHCI=I .028 ( p g  HCl/pg-mOk)/(pg 

K ~ ~ ~ s l . 0 1 3  (pg HBr/pg-mole)/(pg 

K H F = ~  .053 '(pg HF/pg-mole)/(pg F- 

19.2 revised at 59 FR 19308, April 22, 
19941 

7.3 Concentration of HC1 in the Flue 
Gas. 

Eq. 26-3 

where: 
C = Concentration of HCl, dry basis, 

K = 10" mg/pg. 
rn = Mass of HC1 in sample, pg. 
Vrn(sid) = Dry gas voiume measured by the 

dry gas meter, corrected to standard 
conditions, dscm. 

mg/dscrn. 

7.3 Total pg Clz or Brz Per Sample. 
rnx2=Vs (Sx--Bx-) Eq. 26-5 

where: 
rnx~=Mass of Cl2 or Brz in  sample, pg. 

[The second 7.3 added a t  59 FR 19308, 
April 22, 19941 

7.4 Concentration of Hydrogen Halide 
or Halogen in Flue Gas. 

where: 
C=K m ~ ~ . ~ ~ / V r n ( s t d )  Eq. 26-6 

C=Concentration of hydrogen halide 
(HX) or halogen (Xz), dry basis, 
mg/dscm. 

Vm(std)" Dry gas volume measured by 
the dry gas meter, corrected to stan- 
dard conditions, dscrn. 

K= 10-3 r n g / p g .  
[7.4 added at 59 FR 19308, April 22, 
19943 
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D R A R  DO NOT QUOTE OR CITE. 

40 CFR Part 60, Appendix 6 
METHOD 29: 

Determlnatlon of Metals Emissions f m  Stationary Sources 
1. AppllcablIity and Principle 

barium (sa), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt (b), 
copper (Cu), lead (Pb), manganese (Mn), mercury (Hg), 
nickel (Ni), phosphorus (P), selenium (Se), silver (Ag), 
thallium (TI), and zinc (Zn) emissions fmm stationary sources. This m e h d  ma9 be used to determine 
particulate emissions in addition to the metals ernissions-if.the piescribed procedures and precautions 
are followed. 

1.1.1 Hg emissions can be measured, atternatively, using EPA Method l U l A  of Appendix B, 
40 CFR Part 61. Method 101-A measures only Wg but it m be of special-interest to sources which 
need to measure both Hg and Mn emisskns. 

are collected in the probe and on a heated filter, and gas&os.emissbns are then colleded in an 
aqueous acidic solution of hydrogen pemxide (analyzed for all metals including Hg) and an aqueous 
acidic solution of potassium pemnganate (analyzed only-for Hg). The recovered samples are 
digested, and appropriate fractions are analyzed for Hg by cold vapor atomic ahsorption spectroscopy 
(CVAAS) and for Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Ni, P, Se, Ag, TI, and Zn by inductively 
coupled argon plasma emission spectroscopy (ICAP) or atomic absorption spectmscapy .(AAS). 
Graphite furnace atomic absorption speczmscopy (GFMS) is used for analysis of Sb, As, Cd, Co, Pb, 
Se, and TI if these elements require greater analytical sensitivity than c a n  be obtained by ICAP. 
Additionally, if desired, the tester may use AAS for analysis of all fisted metals if the resulting in-stack 
method detection limits meet the goal of the testing program. 
2. Range, Detection Limits, Precision, and Interferences 

2.1 Range. For the analysis described and for similar analyses, the C A P  response is linear 
over several orders of magnitude. Samples containing metal concentrations in the nanograms p e r  rnl 
(numl) to micrograms per rnl (pg/ml) range in the final anafytical solution can be analyzed using this 
method. Ssrmpfes containing greater than approximately 50 @mi As, Cr, or Pb should be diluted to 
ihat level or iower for final analysis. Samples camining greater than approximately 20 #rnl of Cd 
should be diluted to that level before analysis. 

2.2 Analytical Detection Limits. 

2.2.1 CAP analytical detection limits forthe sample solutions (based on SW-846, Method 
6010) are approxirnatefy as follows: Sb (32 ng/rnl), As (53 ng/rnl), Ba (2 nglml), 
Be (0.3 nglml), Cd (4 ngrml), Cr (7 ng/rnl), cb (7 nqlmI), Cu (6 ng/rnlj, Pb (42 ng/ml), Mn (2 nglml), Ni 
(15 ng/mQ, P (75 ng/ml), Se (75 ng/rnl), Ag (7 nglrnl), TI (40 ngrnl), and Zn (2 nglml). The actual 
sample anaiytical detection limits are sample dependent and may vary due to the sample matrix- 

2.2.2 The anaMkal detection limits for analysis by direct aspirabon AAS (based on SW-846, 
Method 7000 series) are approximately as follow: Sb (200 ng/rnt), As (2 ng/rnl), 
Ba (100 n g W ,  Be (5 ngrnl), Cd (5 ng/mf), Cr (50 nq/mlj, 

Ni (40 nglml), Se (2 nghnl), Ag (I0 Wrnl), Ti (100 ngiml), and Zn (5 rg/ml). 
2.2.3 The detection limit fur Hg by CVAAS (on the resultant volume of the diqestion> of the 

aliquots taken far Hg analyses) can be approximately 0.02 to 0-2ng/rnlI depending upan the type of 
CVAAS analytical instrumem used. 

29284 The use of GFMS can enhance the detection limits compared to direct aspiration AAS 
as follows: Sb (3 ng/ml), As (1 Wrnl), Be (0.2 ng/ml), Cd (0.1 ngml), Cr (1 ng/rnl), Co (1 nq/rnI), 
Pb (1 ng/ml), Se (2 nqml), and TI (1 ng/rnl). 

1.1 Applicability. This method is applicable to the determination of antimony (Sb), arsenic (As), 

I 

1.2 Principle. A stack sample is withdrawn isokinetically from the source, partialate emissions 

Note: See Section 2.3 for the description of in-stack detection limits. 

(50 nq/ml), Cu (20 nq/mi). Pb (100 nqml), Mn ( I0  ngrnt), 

1 



2.3 In-stack Detection Limits. 
2.3.1 For test planning purposes in-stack detection limits can be developed by using the 

following information: (1) the procedures described in this method, (2) the anatytbal detection limits 
described in Section 2.2, (3) the mml  volumes of 300 mf (Analytical Fraction 1) for the front-half and 
I50 mi (Analytical Ftaction 2A) for the back-half samples, and (4) a stack gas sample volume of 1.25 
d. The resultant in-stack method detection limits for the above set of conditions are presented in 
Table 29-1 and were calculated by using Eq. 29-1. 

A x B/C = D Eq, 29-1 
where: 

A = Analytical detection limit, pglrnl. 
6 = Liquid volume of digested sample prior to 

aiiquotting for analysis, ml. 
C = Stack sample gas volume, dsd. 
D = In-stack detection limit, W/m? 

Front-half: Back-half: Back-half : Total Train; 
Probe & Filter lrnpingers 1-3 l~~pingers (4-6)" 

Antimony 7,7 (0-7)' 3.8 (0.4)' 
Arsenic 12.7 (0.3)' 6.4 (0.1)- 
Barium 0-5 0.3 
Beryllium 0.07 (0.05)' 0.04 (0.03)' 
Cadmium 1.0 (0.02)' 0.5 (O .Ol>*  
Chromium 1.7 (0.2)' 0.8 (O.l )*  
Cobaft 1.7 (0.2)' 0.8 (O.l )*  
Copper 1.4 0.7 
Lead 10.1 (0,2)' 5.0 (O.l)* 
Manganese 0.5 (0.2)' 0.2 (O.l)* 
Mercury 0.06" 0.3-* 0.297 
NiCkel 3.6 1.8 
Phosphorus 18 9 
Selenium 18 (0.5)' 9 (0.3)' 
Silver 1 -? 0.9 
Thallium 9.6 (0.2)" 4.8 (0-1)' 
Zinc 0.5 0,3 

11.5 (1.1)- 
19.1 (0.4)' 
0.8 

0.11 (0.08)' 
1.5 (0.03)" 
2.5 (0.3)' 

2.5 (CL3)* 

15.1 (0.3)' 
2.1 

0.7 (0.3)* 
0.56" 

5.4 
27 
27 (0.8)' 

2.6 

0.8 
14.4 (0.3)' 

a Mercury anaJysis oniy. 
* Detection limit when analyzed by GFAAS, ( . ) 
** Detection limit when anatymd by CVAAS, estimated for Back-Half and Total Train, 

Actual Method in-stack detection limits may vary from these values, as 

See Sections 2.2 and 5.4.3. 

Note: c h w i h m 2 3 3 ,  
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2.3.2 To ensure optimum precision/resolution in the analyses, the target concentrations of 
metals in the analytical solutions should be at least ten times their respective analytical detection limits. 
Under cerrain conditions, and with greater care in the analytical procedure, these concernrations can be 
as low as approximately three times the respective analytical detection limits w h x r l  serbusk impairing 
the precision of the analyses. On at least one sample run in the source test, and for each metat 
analyzed, perform either repetitwe analyses, Method of Standard Additions, serial dilution, or matrix 
spike addition, etc,, to document t h e  quality of the data. 

2.3.3 Actual in-stack method detection limits are based on actual source sampling parameters 
and analytical results as described above. If required, the method in-stack detection limits can be 
improved over those shown in Table 29-1 for a specific test by either increasing the sampled stack gas 
volume, reducing the total volume of the digested samples, improving the analytical detection limits, or 
any combination of the three. For extremely tow levels of Hcr only, the afiquot size selected for 
digestion and analysis can be increased to as much as 10 ml, thus improving the in-stack detection 
h i t  by a factor of ten compared to a 1 ml aliquot sue- 

If tha sampling time is increased to four hours and 5 m3 are collected, the in-stack method detection 
limits would be improved by a fador of four compared to the values shown in Table 29-1. 

2.3.3.2 The in-stack detection limits assume that all af the sample is digested and the final 
liquid volumes for analysis are the normal values of 300 rnl for Analytical Fraction I ,  and I50 rnl for 
Analytical Fraction 2A. lf the volume of Analytical Fraction 1 is reduced from 300 to 30 ml, the in-stack 
detection limits for that fraction of rhe sample would be improved by a factor of ten. I f  the VOlur'W of 
Analytical Fraction 2A js reduced from 150 to 25 ml, the in-stack detection limits for that fraction of the 
sample woukl be improved by a factor of six. Matrix effect checks are necessary on sample analyses 
and typically are uf much greater significance for samples that have been concentrated to less than the 
normal original sample volume. Reduetbn of Analytical Fractions I and 2A to volumes of Jess than 30 
and 25 ml, respectively, could interfere with the redissolving of the residue and could increase 
interference by other compounds to an intolerabte level. 

simultaneously on one sample, the resultant improvements are multiplicative. For example, an increase 
in stack gas volume by a factor of four and a reduction in the total liquid sample digested volume of 
k t h  Analytical Fractions 1 and 2A by a factor of six would resuit in an improvement by a factor of 
twenty-four of the in-stack method detection limit. 

development test performed at a sewage sludge incinerator were found to be as fcMows: 
Sb (12-7 percent), As (13,s percent), Ba (20.6 percent), 
Cd (I 1.5 percent), Cr (1 1.2 percent), Cu (1 7.5 percent), 
Pb (11-6 percent), P (14.6 percent), Se (15.3 percent), 
TI (1 2.3 percent), and Zn (I 1.8 percent). The precision for Ni was 7.7 percent for another test 
conducted at a source simulator. Be, Mn, and Ag were not detected in the tests. However, based on 
the anaiytical deteclion limits of the ICAP for these metals, their precisions could be similar to those for 
the other metals when detected at similar ievels. 

2.5 Interferences. Iron (Fe) can be a spectral interference during the analysis of As, Cr, and 
Cd by CAP. Aluminum (A) can be a spectfal interference during the analysis of As and Pb by ICAP. 
Generally, these interferences can be reduced by diluting the analytical sample, but such dilution raises 
the in-stack detection limits. Refer to Method 6010 of Citation 1 of the Bibliography or the other 
analytical methods used for details on potential interferences to this method. For all G F W  analyses, 
us8 matrix modifiers to limit interferences, and matrix match all standards. 
3. Appatatus 

similarities to the Method 5 train. 

2.3.3.1 A nominal one hour sampling run will oolled a stack gas sampling volume of abut 1.25 m? 

23.3.3 When both of the nmdifications described in Sections 2.3.3.1 and 2.3.3.2 are used 

2.4 Precision. The precision (relative standard deviation) for each metal detected in a method 

3.1 Sampling. A schematic of the sampling train is shown in Figure 29-1. It has general 
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3.1.1 Probe Nozzle (Probe Tip) and Borclsilicate or Quartz Glass Probe Liner. Same as 
Method 5,  Sections 2.1 -1 and 2.7 -2, except that glass nozzles are required unless atternate tips are 
constructed of materials that are free from contamination and will not interfere with the sample. If a 
probe tip other than glass is used, no correction to the sample test results to compensate for the 
nozzle's effect on the sample is allowed. Probe fittings of plastic such as Teflon, polypropylene, etc. 
are recommended instead of metal fittings to prevent contamination. If desired, a single glass piece 
consisting of a combined probe tip and probe liner may be used. 

3.1.2 Pitot Tube and Differential Pressure Gauge. Same as Method 2, Sections 2.1 and 2.2, 
respect ivety . 

3.1.3 Filter Holder, Glass, same as Method 5, Section 2.1 5, except use a Teflon filter support 
or other nonmetallic, non-contaminafing support in place of the glass frit. 

3.1 -4 Fitter Heating System. Same as Method 5 ,  Section 2.1.6. 
3.1 S Condenser. Use the following system for condensing and dlecting gaseous metals and 

determining the moisture content of the stack gas. The condensing system shall cansist of four to 
seven impingers connected in series with leak-free ground gfass fmings or other leak-free, non- 
contaminating fittings. Use the first impinger as a moisture trap. The second irnpinger (which is the 
first HNO&I,O, impinger) shall be identical to the first irnpinger in Method 5. The third impinger (which 
is the seccmd HNO&O, impinger) shall be a Greenburg Smith impinger wah the standard tip as 
described for the second impinger in Method 5, Section 2,t .T The fourth (empty) impinger and the fifth 
and sixth (both acidified KMnO,) impingers are the same as the first impinger in Method 5. Place a 
thermometer capable of measuring to within 1°C (2°F) at the outlet of the last impinger. If no Mg 
analysis is planned, then the founh, fifth, and sixth impingers are not used. 

3.1.6 Metering System, Barometer, and Gas Density Det6rminati01-1 Equipment. Same as 
Method 5 ,  Sections 2J,8 through 2.1 .I 0, respectivety. 

3.1.7 Teflon Tape. For capping openings and sealing connedbns, if necessary, on the 
sampling train. 

3.2 Sample Recovery- Same as Method 5 ,  Sections 2.2.1 through 2.2.8 (Pinbe-Liner and 
Probe-Nozzle Brushes or Swabs, Wash Bottles, Sample Storage Corrtainers, Petri Dishes, Giass 
Graduated Cylinder, Plastic Storage Containers, Funnel and Rubber Policeman, and Glass Funnel), 
respectively, with the following exceptions and additions: 

3.2.1 Non-metallic Probe-Liner and Probe-Nozzle Brushes or Swabs. Use nonmetallic probe- 
liner and probe-nozzle brushes or swabs for quantitative recovery of materials collectted in the front-half 
of the sampling train. 

this Method) with Tefbn-lined caps that are non-reactive to the oxidizing solutions, with capacities of 
1000- and 500-ml. for storage of acidified KMnO,-camaining samples and blanks. Glass or 
polyethylene bottles may be used for other sample types- 

3.2.2 Sample Storage Containers, Use glass botttes (see the Pmut ion:  in Section 4.3.2 of 

3.2.3 Graduated Cylinder. Glass or equivalent. 
3.2.4 Funnel. Glass or equivalent. 
3.2.5 Labels. For identifying samples. 
3.2.6 Polypropylene Tweezers and/or Plastic Gloves. For recovery of fhe filter from the 

3.3 Sample Preparation and Analysis. 
3,3J Votumetric Flasks, IOO-ml, 250-mI, and iUOO-rnl, For preparation of standards and 

3.3.2 Graduated Cylinders. For preparation of reagents. 
3,3.3 Par? Bombs or Microwave Pressure Relief Vessels with Capping Station (CEM 

3.3.4 Beakers and Watch Glasses. 250-ml beakers, with watch glass covers, for sample 

3.3.5 Ring Stands and Clamps. For securing equipment such as fittration apparatus. 

\ 

sampling train filter holder. 

sample dilutions. 

Corporation mdel or equivalent). For sample digestion. 

digestion. 
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3.3.6 
3.3.7 
3.3.8 
3,3.9 

Fitter Funnels, For holding filter paper. 
Disposable Pasteur Pipets and Bulbs. 
Volumetric Pipets. 
Analytical Balance. Accurate to within 0.1 mg. 

3.3.10 Miciowave or Conventional Oven, For heating samples at fixed power levels or 
temperatures, respectively. 

3.3.11 Hot Plates. 
3.3.1 2 Atomic Absorption Spectrometer (AAS). Equipped with a background corrector. 
3.3.12.1 Graphite Furnace Attachment. With Sb, As, cd, a, Pb, Se, and fl hollow cathode 

lamps (HCLs) or electrodeless dlscharge lamps (ED&). Same as Blbllograptly Cttatlon I 
Methods 7041 (Sb), 7060 (As), 7131 (Cd), 7201 (Co), 7421 (pb), 7740 (Se), and 7841 (TI). 

pump, a quartz cell, an aeratoc apparatus, and a heat lamp or desiccatot tube. The heat tamp shall be 
capable of raising the temperature at the quartz cell by 10°C above ambient, so that na condensation 
forms on the wall of the quartz cell. Same as Method 7470 in Ciralion 2 of the Elibliography- See Note 
No= 2: Section 5.4.3 for other amptable approaches for analysis of Hg in which analytical detection 
limits of 0.02 pg/ml were obtained. 

reader and an alumina torch. Same as EPA Method 6010 in Citation 1 of the Bibliography. 
4. Reagents 

established by the Committee on Analytical Reagents of the American Chemical Society, where such 
specifications are available. Otherwise, use the k s t  available grade, 

3-3.12.2 Cold Vapor Mercury Attachment. With a mercury HCL or EDL, an air recirculation 

3.3.13 Inductivefy Coupled Argon Plasma Spectrometer. with either a direct or sequential 

4.1 Unless othewise indicated, it is intended that all reagents conform to the specifications 

4.2 Sampling Reagents. 
4.2.1 Sample Fitters. Without organic binders- The fitters shall contain less than 1.3 pg/in2 of 

each of the metals to be measured. Analytical results provided by filter manufacturers stating metals 
content of the filters are acceptable. However, if no such results are available, analyze fiber blanks for 
each target metal prior to emission testing. Quartz: fiber filters meeting these requirements ate 
recommended. However, if glass fiber filters become available which meet these requirements, they 
may be used. filter efficiencies and unreactiveness to sulfur dioxide (SO,) or sulfur trioxide (SOJ shall 
be as described in Section 33.1 of Method 5. 

4-22 Water. To conform to ASTM Specirkation D1193-77, Type I! (imJpOfated by 
reference). If necessary, analyze the water for all target metals prior to field use. All taFget metals 
should be lass than 1 ng/ml. 

4.2.3 Nitric Acid (HNOJ. Concentrated. Baker Instra-anaty?red or equivaierrt. 
4.2.4 Hydrochloric Acid (HCL). Cancantrated. Baker Instfa-analyzed or equivalani. 
4.2.5 Hydrogen Pemxide (H,O,), 30 Percent (VN. 
4.2.6 Potassium Permanganate (KMnO,). 
4.2.7 Sunuric Acid (H$3J. Concentrated. 
4.2.8 Silica Gel and Crushed Ice. Same as Method 5, Sections 3.1 .Z and 3.1.4, respeaively. 

4.3 Pretest Preparation of Sampling Reagents. 
4.3.1 HNOdH,O, Absorbing Solution, 5 Percent HNOJ10 Percent H,O,, Add carefully with 

stifling 50 rnl of concentrated HNO, to a 1000-ml voiumetric flask containing appmximately 500 mf of 
water, and then add carefully with stirring 333 ml of 30 percent H,O,. Dilute to volume with water. Mb! 
well. This reagent shall wntain less than 2 ng/rnI af each target metal. 

Prepare fresh daily. Mbr carefully, with stining, 100 ml of cowntrated tJZS0, into approximately 800 
rnl of water, and add water with stirring to make a vohrrne of 1 liter: this solution is 10 percent H@, 

4.3.2 Acidic KMnO, Absorbing Solution, 4 Percertt KMnO, (Wfv), 10 Percent H,sO, (VN),  . 
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(VN).  Dissolve, with stirring, 40 g of KMnO, into 10 percent H,SO, (VN) and add 10 percent H,SO, 
(VN)  with stirring to make a volume of 1 liter- Prepare and store in glass bottles to prevent 
degradation. This reagent shall contain less than 2 ng/rnl of Hg. 

Precaution: To prevent autocatalytic demrnpositbn of the permanganate solution, filter the 
solution through Whatman 541 fitter paper. Also, due to the patential reaction of the pdtassiurn 
permanganate with the acid, there could be pressure buildup in the solution storage bottle. Therefore 
these bottles shall not be fully filled and shall be vented to relieve excess pressure and prevent 
explosion potentials. Venting is required, but not in a manner that will allow contamination of the 
solution. A No. 70-72 hole drilled in the container cap and Teflon linet has been used. 

4.3.3 HNO,, 0.1 N. Add with stirring 6.3 ml of concentrated HNO, (70 percent) to a flask 
containing approximately 900 ml of water. Dilute to 1000 ml with water. Mix well. This reagent shall 
contain less than 2 Wrnl of each target metal. 

4.3.4 HCt, 8 N. Carefully add with stirring 690 ml of concentrated HCI to a flask containing 
250 ml of water. Dilute to 1000 ml with water. Mix well. This reagent shall contain less than 2 ng/ml 
of Hg. 

4.4 Glassware Cleaning Reagents, 
4.4.1 HNO,, Comerrtraed, Fisher ACS grade or equivalent. 
4.4.2 Water. To conform to ASTM Specifications 01 193-77, Type 11. 
4.4.3 HNO,, 10 Percent (VN). Add with stirring 500 rnl of amcentfated HNO, to a flask 

containing approximately 4000 ml of water. Dilute 10 5000 ml with water. Mix well. This reagent shall 
contain less than 2 ng/rnl of each tatget metal. 

Citation 3 of the Bibliography. Refer to Citations 1, 2, or 5 of the Bibliography for additional infurmation 
on Hg standards. The 1000 pgml Hg stock solution standard m a y  be made according to Section 6.2.5 
of Method 10iA- 

4,5 Sample Digestion and Analysis Reagents. 
The metals standards, except Hg, may also be made from solid chemicals as described in 

4.5.1 HCL, Concentrated. 
4.5.2 Hydmfluoric Acid (HF), Concentrated. 
4.5-3 I-",, Concentrated. Baker Instra-analyzed or equivalent. 
4.5.4 HNO,, 50 Percent (VN). Add with stirring 125 rnl of concentrated HNO, to ?OO rnl of 

water. Dilute to 250 ml with water. Mix well. This reagent shall contain less than 2 ngml of each 
target metal. 

4.5.5 HNO,, 5 Percerrt (V/V). Add with stimng 50 mi of cuncentrated HNO, to 800 ml of water. 
Dilute to 1000 rnl with water. Mix well. mis reagent shall conb in  less than 2 Wrnl of each target 
metal- 

4.5.6 Water. To conform to ASTM Specificatbns DI 193-7, Type 11. 
4.5.7 Hydroxylarnine Hydrochloride and Sodium Chloride SoIution. See Citation 2 of the 

Bibliography for preparation. 
45.8 Stannous Chloride. See Citation 2 of the Bibliography for preparaion. 
4.5-9 KMnO,, 5 Percent (WN). See Citation 2 of the Bibliography for preparation. 
4.5.1 0 H,SO,, Concentrated. 
4.5.1 1 Potassium Persulfate, 5 Percent (WN). See Citation 2 of the Bibliography for 

4.5.1 2 Nickel Nitrate, Ni(N0,),'6H20. 
4-51 3 Lanthanum Oxide, !GI&),. 
45.14 Hg Standard (AAS Grade), 1000 pghnl. 
4.5.15 Pb Standard (AAS Grade), 1000 pgml. 
4.5.16 As Standard ( M S  Grade), 1000 p9/ml. 
4.5.17 Cd Standard (AAS Grade), I000 pglml. 
4.5.18 Cr Standard (AAS Grade), 1000 pgrnl. 
4.5.19 Sb Standard (AAS Grade), 1000 Wml. 

preparation. 
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4.5.20 Ba Standard (AAS Grade), 1000 WmI. 
4.5.21 Be Standard (AAS Grade), 1000 pg/rnl. 
4.5.22 Co Standard (AAS Grade), 1000 CLg/ml. 
4.523 Cu Standard (AAS Grade), 1000 pg/ml- 
45-24 Mn Standard (AAS Grade), 1000 Wml. 
4.525 Ni Standard (AAS Grade), 1000 pghril, 
45-26 P Standard (AAS Grade), 1000 pg/rnl. 
4.5.27 Se Standard (AAS Grade), 1000 Wml. 
4.5.28 Ag Standard (AAS Grade), 1000 U m l .  
4.5.29 TI Standard ( U S  Grade), 1000 Wml. 
4.5.30 Zn Standard (AAS Grade), 1000 Wmt. 
4.5.31 Al Standard (AAS Grade), I000 pg/mt. 
4.5.32 Fe Standard (US Grade), 1000 C1B/m!. 
4.5.33 Hg Standards and Quality Control Samples. Prepare fresh weekly a I 0  Wrnf 

intermediate Hg standard by adding 5 ml of 1000 W/ml flg stock solution to a 500-mt volumetric flask; 
dilute with stirring to 500 rnl by first carefully adding 20 rnl of 15 percent HNO, and then adding water to 
the 500-rnl volume. Mix well. Prepare a 200 ngml working Hg standard solution fresh daily: add 5 ml 
of the 10 pJml intermediate standard 10 a 250-ml volumetric flask, and dilute to 250 ml with 5 ml of 4 
percent KMnO,, 5 ml of 15 percent HNO,, and then water. Mbc well. Use at least five sparate aiiquots 
of the working Hg standard solution and a blank to prepare the standard c w e .  These aliquots and 
blank shall contain 0.0, 1.0, 2,0,3.0, 4.0, and 5.0 ml of the working standard solution containing 0, 200, 
400, 600, 800, and I000 ng Hg, respectively. Prepare qusltity control samples by making a separate 10 
pg/rnt standard and diluting until in the calibration ran 8. 

can be combined into four different mixed standard solutions as follows; 
4.5.34 CAP Standards and QuaIity Control 3 amples. Calibration standards for CAP analysis 

MIXED STANDARD SOLUTJONS FOR ICAP ANALYSIS 

Solution 
I 

Elements 
As, Be, Cd, Mn, Pb, Se, 

11 Ba, Co, CU, Fe 
I l l  Al, Cr, Ni 
IV Ag, PI Sb, TI 

Prepare these standards by combining and diluting the appropriate vul~mes of the 1000 WrnI solutbns 
with 5 percent HNO,. A minimum of one standard and a bfank can be used to form each calibration 
curve. However, prepare a separate quality control sample spiked with known mcunts of the target 
metals in quantities in the mid-range of the calibration eunre. Suggested standard levels are 25 Wrnl 
for All Cr and Pb, 15 I.r4/rnl for Fe, and 10 pg/rnl for the remaining elements. Prepare any standards 
containing less than 1 pg/rnl of metal on a daily basis. standards containing greater than 1 CLg/ml of 
metal should be stable for a minimum of 1 10 2 weeks. 

4.5.35 GFAAS Standards. ~ b ,  As, Cd, Go, Pb, Se, and TI. Prepare a 10 M m I  standard by 
adding 1 rnl of 1000 wrnl standard to a 100-ml volumetric flask. Dilute with stirring to 100 ml with 10 
percent HNO,, For GFAAS, matrix match the standards. Prepare a 100 ngml standard by adding 1 ml 
of the 10 pg/ml standard to a 100-ml volumetric flask, and dilute to 100 mI with the appropriate matrix 
solution. Prepare other standards by diluting the 100 ng/ml standards. Use at least five standards to 
make up the standard a w e .  Suggested Ievels are 0, 10, 50, 75, and 100 nghnf. Prepare quality 
control samples by making a separate 10 pgh~~l standard and diluting until it is in the range of the 
samples. Prepare any standards containing less than 1 @rnt of metal on a daily basis. Standards 
containing greater than 1 Mlml of metal shoufd be stable for a minimum of 1 to 2 weeks, 

4.5.36 Matrix Modiflers, 
4.5.36.1 Nickel Nitrate, I Percent (V/V). Dissolve 4.956 g of Ni(N0J28H,0 in approximately 

50 rnl of water in a 100-mi volurnetriic flask. Dilute to 100 rnl with water, 

- 
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4536.2 Nickel Nitrate, 0.1 Percent (VW, Dilute 10 rnl of 1 percent nickel nitrate soiution to 
100 ml with water. Inject an equal amount of sample and this modifier into the graphite furnace during 
GFAAS analysis for As. 

4.5.36.3 Lanthanum. Carefully dissolve 0.5864 g of La,O, in 10 rnl of concsntrated HNO,, and 
dilute the solution by adding it with stirring to approximatsIy 50 ml of water. Dilute to 100 mi with water, 
and mix well. Inject an equal amount of sample and this modifier into the graphite furnace during 
GFAAS analysis for Pb. 

4.5.37 Whatman 40 and 541 Filter Papers (or equivalent). For fiftration of digested samples. 
5. Procedure 

5.1 Sampling. The complexity of this method is such that, to obtain reliable results, both 
testers and analysts must be trained and experienced with the test procedures, including source 
sampling; reagent preparation and handling; sample handling; Safety equipment; analytical calculations; 
reporting; and the specific procedural descriptions throughout this method. 

5.1.1 Pretest Preparation. Follow the same general procedure given in Method 5, Section 
4.1 -1 I except .that, unless particulate emissions are to be determined, the fifter need not be desiccated 
or weigh+. First, rinse all sampling train glassware with hot tap water and then wash in hot soapy . 
water. Next, rinse glassware three times with tap water, followed by three additional rinses with water: 
Then soak all glassware in a 10 percent (VN) nitric acid solution for a minimum of 4 hours, rinse three: 
times with water, rinse 8 final time with acetone, and allow to air dry. Cover all glassware openings ; 
where contamination can occur until the samphg train is assembled for sampling, 

~ 

5.1 -2 Preliminary Determinations. Same as Method 5 ,  Section 4.1 2. 

5.1.3 Preparation of Sampling Train. 
5.1.3.1 Set up the sampling train as shown in Figure 29-1. FoHow the same general 

pmcedures given in Method 5, 
Section 4J.3, except place 100 mf of the HNO&O, solution (Section 4.3.1 of this method) in each of 
the second and third irnpingers as shown in Figure 29-1. Place 100 rnl of the acidic KMnO, absorbing 
solution (Section 4.3.2 of this method) in each of the fifth and sixth impingers as shown in Figure 29-1, 
and transfer approximately 200 to 300 g of pre-weighed silica gel from its container to the last impinger. 
Alternatively, the silica gel may be weighed dkedy in the irnpinger just p h f  to final train assembly. 

5.1 -3.2 The following options are available to the tester based on the source specific sampling 
requirements and conditions. The use of an empty first impinget can be eliminated if the moisture to be 
collected in the irnpingers will be less than approxirnatety 100 ml. If Hg analysis will not be performed, 
the fourth, fifth, and sixth irnpingers as shown in Figure 29-1 are not requifed. 

5.1 -3.3 %cause of possible sample omtamination problems, use Teflon tape or other non- 
contaminating material instead of silicone grease to ensure leak-free sampling train connections. 

Precaution: Exercise extreme care to prevent contamination within the train, Prevent the 
acidic KMnO, from contacting any glassware that contains sample material to be amlyzed for Mn. 
Prevent acidic H202 from mixing with the acidic KMnO,. 

5J.4 Leak-Check Procedures. Follow the 1eak.chedc procedures given in Method 5, Section 
4.1.4.1 (Pretest Leak-Check), Secttion 4.1.4.2 (Leak-Checks During the Sample Run), and Section 
4.1 -4.3 (Post-Test Leak-Checks). 

5.1.5 Sampling Train Operation. Follow the procedures given in Method 5, Section 4.1.5. 
When sampling for Wg, use a procedure analagous to that described in W i o n  7.1.1 of Method W A ,  
40 CFR Part 61, Appendix €3, if necessary to maintain the desired cabr in the last acidified 
pemanganate impinger. Far each run, record the data required on a data sheet such as the one 
shown in Figure 5-2 of Method 5. 

5.1.6 Calculation of Percent Isokinetic. Same as Method 5, Section 4,1,6. 
5.2 Sample Recovery. 
5.2.1 Begin cleanup procedures as soon as the probe is removed from the stack at the end of 

a Sampling perbd. The probe should be allowed to cool prior to sample recovery. When it can be 
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safely handled, wipe off all external particulate matter near the tip of the pmbe nozzle and place a 
rinsed, 
non-contaminating cap over the probe n o d e  to preveni losing or gaining particulate rnatler, Do not 
C a p  the probe tip tightly while the sampling train is cooling; a vacuum can form in the fitter holder with 
the undesired result of drawing liquid from the impingets onto the filter. 

5.2.2 Before moving the sampling train to the cleanup site, remove the probe from the 
sampling train and cap the open outlet. Be careful not to Jose any condensate that might be present. 
Cap the filter inlet where the probe was fastened. Remove the umbilical cord from the last impinger 
and cap the irnpinger. Cap the filter holder outlet and impinger inlet. Use non-contaminating caps, 
whether ground-glass stoppers, plastic caps, serum caps, or Teflon tape to close these openings. 

5.2.3 Alternatively, the falowing procedure may be used to disassemble the train before the 
probe and filter holderloven are completely cooled: Initially disconnect the fifter holder outleVimpinger 
inlet and loosely cap the open ends. Then disconnect the probe from the filter holder or cydone inlet 
and loosely cap the open ends. Cap the probe tip and remove the umbilical cord as previously 
described. 

protected from t h e  wind and other potential causes of currtarnhation or loss of sample. Inspect the 
train before and during disassembly and note any abnormal conditions. fake special precautions to 
assure that alt the items necessary for recovery do not contaminate the samples. The sample is 
recovered and treated as follows (see schematic in Figures 29-2a and 29-2b): 

place it in its labeled petri dish container. To handle the fitter, use either acid-washed polypropytene or 
Teflon coated tweezers or clean, disposable surgical gloves rinsed with water and dried. 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 f ibes  that adhere to the filter holder gasket to the petri dish by 
using a dry (acid-cteaned) nybn bristle brush. Do not use any metal-containing materials when 
recovering this train. Seal the labeled petri dish, 

particulate emissions is to be made- Quantitatively recover particulate matter and any condensate from 
the probe nozzle, probe fifting, probe liner, and front half of the fitter holder by washing these 
componerrts with a total of to0 ml of acetone, while simultaneously taking great care to see that no 
dust on the outside of the probe or other surgfaces gets in the sample. The use of exactly 100 rnl is 
necessary for the subsequent blank carrection pfocedures. Distilled water may be used instead of 
acetone when appmved by the Administrator and shall be used when specified by the Administrator; in 
these cases, save a water blank and follow the Administrator's directions on analysis- 
5.2-6.1 Carefulty remove the probe nozzle, and clean the inside surface by rinsing with acetone from a 
wash bottle white brushing with a non-metallic brush. Brush until the acetone rinse shows no visible 
particles, then make a final n'nse of the inside surface with acetone. 

5.2-4 Transfer the probe and filter-impinger assembly to a cleanup area that is clean and 

52.5  Container No- f (Sample Filter). Carefully remove the filter from the fiher holder and 

5.2.6 Container No, 2 (Acetone Rinse). Perform this pmcedure only if a determination of 
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5.2.6.2 Brush and rinse the sample exposed inside parts of the probe fitting with acetone in a 
similar way until no visible particles remain. Rinse tbe probe finer with acetone by titting and rotating 
the probe while squirting acetone imo its upper end so that all inside surfaces wit1 be wetted with 
acetone. Allow the acetone to drain from the lower end into the sample container. A funnel may be 
used to aid in transferring liquid washings to the container. Follow the acetone rinse with a nan-metallic 
probe brush. hold the probe in an inclined positbr~, squirt acetone into the upper end as the probe 
brush is being pushed with a twisting action three times through the probe. Hold a sample container 
underneath the lower end of the probe, and catch any acetone and particulate matter which is brushed 
through the probe until no visible particulate matter is camed out with the acetone or umil none remains 
in the probe liner on visual inspection. Rinse the brush with acetone, and quantitatively collect these 
washings in the sample container. After the brushing, make a final acetone rinse of the probe as 
described above. 

Between sampling runs, keep brushes clean and protected from contamination. Clean the inside of the 
front-half of the filter holder by rubbing the surfaces with a non-metallic brush and rinsing with acetone- , 
Rinse each surface three times or more if needed to remove visible particulate. Make a final rinse of 
the brush and filter holder. After all acetone washings and particulate matter have been collected in the- 
sample container, tighten the lid so thai acetone will not leak out when shipped to the lahfatory. Mark- 
the height of the fluid level to determine whether or not leakage occtlrred during transpon. Glearty label 
the container to identify its contents. 5.2.7 Container No, 3 (Pmbe Rinse). Keep the probe 
assembly clean and free from contamination during the probe rinse. Rinse the pmbe nozzle and fitting, 
probe liner, and front-ham of the filter holder thoroughly with a total of 100 mi of 0.1 N HNO,, and place 
the wash into a sample starage container. 

p roc8 d u res . 
Perform the rinses as appiicabk and generally as described in Methud 12, Section 5.2.2. Record the 
volume of the rinses, Mark the height of the fluid level on the outside of the storage container and use 
this mark to determine if leakage occurs during transport. Seal the container, and deariy label the 
contents. Finally, rinse the nozzle, probe liner, and front-half of the fiher holder with water followed by 
acetone, and discard these rinses. 

5.2.8 Container No. 4 (Irnpingers 1 through 3, Moisture KWCkout Impinger, when used, 
HNOJH,O, trnphgers Conterns and Rinses). Due to the potentiaity large quantity of liquid invotved, the 
tester may place rhe impinger solutions from impingers 1 through 3 in more than one container, if 
necessary. Measure the liquid in the first three impingers to within 0.5 ml using a graduated cylinder. 
Record the volume. This information is required to calculate the moisture content of the Sampl8d flue 
gas. Clean each of the first three irnpingers, the filter supprt, the back half of the filter housing, and 
connecting glassware by thoroughly rinsing with 100 ml of 0.1 N HNO, using the procedure as 
applicable in Method 12, Section 5.2.4. - NOTE: The use of exactly 100 rnl of 0.1 N HNO, rinse is necessary for the subsequent 
blank correction procedures. 
Combine the rinses and impinger solutions, measure and record the final total volume. Mark the height 
of the fluid level, seal the container, and clearly label the cuntents. 

5.2.9 Container Nos. 5A (0.1 N HNOJ, 5B (KMnO,/H,SU, absorbing solution), and 5C (8 N 
HCI rinse and dilution). 

5.2.9.1 When sampling for Hg, pour all the liquid from the impinger (normally impinger No. 4) 
that immediately preceded the two permawanate impingers into a graduated cylinder and measure the 
volume to within 0.5 ml. This information is required to calculate the moisture content of the sampled 
flue gas. Place the liquid in Container No, 5A. Rinse the impinger with exactly 100 ml of 0.1 N H", 
and place this rinse in Comainer No. 5A. 

5.2.9.2 Pour all the liquid from the two permanganate impinges into a graduated cylinder and 
measure the volume to within 0.5 ml. This infomation is required to calculate the moisture contern of 

5.2.6.3 It is recommended that two people dean the probe to minimize sample losses. 

NOTE: The use of a total of exactty 100 rnl is necessary for the subsequent blank Conedon 
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the sampled flue gas. Place this acidic KMnO, solution into Container No. 5B. Using a total of exactly 
100 rnl of fresh acidified KMnO, solution fot  all rinses (approximately 33 ml per rinse), rinse the two 
permanganate impingers and connecting glassware a minimum of three times. Pour the rinses into 
Container No. 5B, carefully assuring transfer of all loose precipitated materials from the two impingers. 
Similarly, using 100 ml total of water, rinse the permanganats impingers and connecting glass a 
minimum of three times, and pour the rinses into Container 5B, carefully assuring transfer of any loose 
precipitated material. Mark the height of the fluid level, and clearly label the contents. Read the 
Precaution: in Section 4.3.2. 

pressure buildup can occur in 
the sample storage bottles, 

container cap and Teflon liner 
has been used successfully. 

However, if deposits remain on the impinger surfaces, wash them with 25 ml of 8 N HCI, and ptace the 
wash in a separate sample container labeled No. 5C containing 200 rnl of water. First, place 200 mi of 
water in the container. Then wash the impinger walls and stem with the HCI by turning the impinger on 
its side and rotating it so that the HCI contacts all inside surfaces. Use a total of only 25 rnl of 
8 N HCI for rinsing b t h  pemnqanate impinqers combined. Rinse the first impinger, then p r  the 
actual rinse used for the first impinger into the second irnpingef for its rinse. Finally, pour the 25 mI of 
8 N HCI rinse carefulty into the  container. Mark the height of the fluid level on the outside of the 
container to determine if leakage occurs during transport. 

whether it has been completely spent and make a natation of its condition. Transfer the silica gel from 
its irnpinger to its original container and seal it. The tester may use a funnel lo pour the silica gel and a 
rubber policeman to remove the silica gel from the impinger. The small amount of particles that might 
adhere to the impingef wall need not be removed. Do not use water or other liquids to transfer the 
silica gel since weight gained in the silica gel impingef is used for moisture calculations- Aketnatiuely, if 
a balance is available in the field, record the weight of the spent silica gel (or silica gel plus impinger) to 
the nearest 0.5 g. 

5-2-71 Container No. 7 (Acetone Blank). If particulate emissions are to be determined, at least 
once during each fieM test, place a 100-ml portion of the acetone used in tha sample recdvery process 
into a container labeled No, 7. Seal the container. 

ml of the 0.1 N HNO, solution used in the sample recovery process into a wrrtainer labeled 
No. 8A. Seal the container. 

the water used in the sample recuvery process into a container labefed No. 8B. Seal the container. 

field test, place 200 rnl of the 5 Percent HNOdlO Percent f-&02 solution used as the nitric acid impingel 
reagent into a container labeled No. 9. Seal the container- 

100 rnl of the acidified KMnO, solution used as the impinger solution and in the sample recovery 
process into a container labeled No. 10, Prepare the container as described in Section 5-2-9.2. Read 
the Precautlon: in 
Section 4.3.2. and read the NOTE in Section 5.2.9.2. 

water intu a sample container labeled No. 11. Then carefulty add with stirring 25 ml of 8 N HCI. Mix 
well and seal the container. 

52-17 Cantainer No. K? (Sample Filter Blank). Once during each field test, place im a petri 
dish labeled No. 12 three unused blank filters from the same lot as the  sampling filters. Seal the petri 
dish. 

- NOTE: Due to the potential reaction of KMnO, with acid, 

to relieve excess pressure. A No. 70-72 hale drilled in the 

5-2.9.3 If no visible deposits remain after the wafer rinse, no further rinse is necessary. 

Do not fill these bttles completely and take precautions 

52-10 Container No. 6 (Silica Gel). Note the color of the indicating silica gel to determine 

52.12 Container No. 8A (0.1 N HNO, Blank). At least once during each fidd test, place 300 

52.13 Container No. 88 (Water Blank). At least once during each field test, place 100 rnl of 

5.2.14 Container NO. 9 (5 Percent HNOJ10 Percent k&02 Blank). At least once during each 

52-15 Container No- 10 (Acidified KMnO, Blank). A? least once during each field test, place 

5.2.1 6 Container No, I t  (8 N HCI Blank). At least once during each fieM test, place 200 ml of 
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5.3 Sample Preparation. Note the level of the liquid in each of the conlahers and determine if 
any sample was lost during shipment. If a noticeable amount of leakage has occurred, either void the 
Sample or use methods, subject to the approval of the Administrator, to correct the final results. A 
diagram illustrating sample preparation and analysis procedures fur each of the sample train 
components is shown in Figure 29-3. 

5.3.1 Container No. I (Sample Filter). 
5.3.1-1 If particulate emissions are being determined, first desiccate the fitter and filter catch 

without added heat (do not heat the fitters to speed the drying) and weigh to a constam weight as 
described in Section 4.3 of Method 5. 5.3.1.2 Following this procedure, or initially, if particulate 
emissions are not being determined in addakn to metals analysis, divide the fitter with zts fitter catch 
into portions containing approximately 0.5 g each. Place the pieces in the analyst's choice of either 
individual microwave pressure relief vessels or Pa# Bombs. Add 6 ml of concentrated HNO, and 4 ml 
of concentrated HF to each vessel. For microwave heating, microwave the samples for approximately 
12 to 15 minutes total heating time as follows: heat for 2 to 3 minutes, then turn off the microwave for 
2 to 3 minutes, then heat for 2 to 3 minutes, etc., continue this alternation until the 12 to 15 minutes 
totaj heating time are completed (this procedure should comprise approximately 24 to 30 minutes at 
600 watts). Microwave heating times are approximate and are dependent upon the number of samples 
being digested simultaneously. Sufficient heating is evidenced by sorbent reflux within the vessel. 

15 





For conventional heating, heat the Parp Bombs at 140°C (285°F) for 6 hours. Then cool the samples 
to room temperature, and combine with the acid digested probe rinse as required in 
Section 5.3.3. 

5.3.1 -3 If the sampling train includes an optiormi g h ~  cyclone in front of the filter, prepare and 
digest the cyclone catch by the procedures described in Section 5.3.1.2 and then combine the digestate 
with the digested filter sample. 

5-3.2 Comainer No. 2 (Acetone Rinse). Note the level of liquid in the container and eonfirm on 
the analysis sheet whether or not leakage occurred during transport. If a noticeable arnounf of le;lkage 
bas occurred, either void the sample or use methods, subject to the approval of the Administrator, to 
Coned the final results. Measure the tiquid in this container either valumetrically within I ml or 
gravimtrically within 
0.5 g. Transfer the contents to an aciddeaned, tared 250-ml beaker and evaporate to dryness at 
ambient temperature and pressure. If particulate emissions are being determined, desiccate for 
24 hours without added heat, weigh to a constant weight accarding to the procedures described in 
Section 4.3 of Method 5, and report the resutts to the nearest 0.1 mg. Redissolve the residue with I 0  , 
mt of concentrated HNO,. Quantitatively curnbine the resuttant sample, inchding all liquid and any 
particulate matter, with Container No. 3 before beginning Section 5.3-3- 

5.3.3 Container No. 3 (Probe Rinse). Verify that the pH of this sampte is 2 or lower. I f  it is 
not, acidify the sample by careful addition with stirring of concentrated HNO, to pfl 2. Use water to 
rinse the sample into a beaker, and cover the beaker with a n'bbed watch glass. Reduce the sample 
volume to approximatety 20 ml by heating OR a hot plate at a temperature just below boiling. Digest the 
sample in microwave vesseIS or Pad' Bombs by quantitatively transferring the sample to the vessel or 
bomb, carefully adding the 6 mi of concentrated HNO,, 
4 mi of concentrated HF, and then continuing to follow the procedures described in Seaion 5.3-1.2. 
Then combine the resultant sample directly with the acid digested portians of the filter prepared 
previously in Section 5.3.1.2. The resuttant combined sample is referred to as "Sample Fraction 1 '. 
Filter the combined sample using Whatman 541 fitter paper. Dilute to 300 ml (or the appropriate 
volume for the expected metals concentration) with water. This diluted sample is 
"Analytical Fraction 1". Measure and record the volume of Analylical Fraction 1 to within 0.1 ml. 
Quantitattivety remove a 50-rnl aliquot and label as "Analytical Fraction lB", Label the remaining 250-ml 
ponion as "Analytical Fraction 1A". Analytical Fraction I A  is used far ICAP or AAS analysis for all 
desired metals except Hg. Analytical Fraction 1B is used for the determination of fmirt-haif Hg. 

within 0.5 ml and label it "Sample fraction 2". Remove a 75- to 100-ml aliquot for Hg analysis and 
label the aliquot "AnaMical Fraction 2B". Labet the remaining portion of Container No. 4 as "Sample 
Fraction 2A', Sample Fraction 2A defines the volume of Anmkal Fraction 2A prior to digestion. All of 
Sample Fraction 2A is digested to produce "Analytical Fraction 2A". Analytical Fraction 2A defines the 
volume of Sample Fraction 2A after its digestion and the volume of Analytical Fraction 2A is normally I 

150 rnl, 
Analytical Fraction 2A is analyzed for all metals except Hg. Verify that the pH of Sample Fraction 2A is 
2 or lower. If necessary, use concentrated HNO, by careful addition and stirring 10 lower Sample 
Fraction 2A to pH 2. Use water to rinse Sample Fraction 2A into a beaker and then cover the beaker 
with a ribbed watchglass. Reduce Sample Fraction 2A to approximately 20 ml by heating on a hot 
plate at a temperature just M o w  boiling. Then follow either of the digestion pracedures described in 
Sections 5.3.4.1 of 5.3.42. 

5.3.4.1 Conventional Digestion Procedure. Add 30 ml Of 50 percent HNO,, and heat for 30 
minutes on a hot plate to just below boiling. Add 10 rnl of 3 percent &02 and heat for 10 more 
minutes, Add 50 ml of hot water, and heat the sample for an additional 20 minutes. Cool, filter the 
sample, and dilute to 150 ml (or the appropriae volume for the expected metals 
with water. This dilution produces 
Analytical Fraction 2A. Measure and record the volume to within 0.1 ml. 

5.3,4 Container No, 4 (Impingers 1-31, Measure and record the total volume of tbis sample to 

concentrations) 
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5.3.4.2 Microwave Digestion Procedure. Add 10 rnl of 50 percent flNO, and heat for 6 
minutes total heatinq time in alternations af 1 to 2 minutes at 600 Watts followed by 1 to 2 minutes with 
no power, etc., similar 10 the procedure described in Section 53.1. Albw the sample to cool. Add 10 
rnl of 3 percent H202 and heat for 2 more minutes. Add 50 ml Of hot water, and heat for an additional 5 
minutes. Coot, fitter the sample, and dilute to 150 mi (or the appropriate volume for the expected 
metals concentrations) with water. This dilution produces Anafytical Fraction 24. Measure and record 
the volume to within 0.1 ml. 
- NOTE: All microwave heating times given are approximate and 

the number of samples being digested at a time. Heating times as given above have been found 
acceptable for simubneaus digestion of up to 12 individud samples. Sufficient heating is 

evidenced by solvent reflux within the vessel. 
5.3.5 Container No. 5A (Impinger 41, Container Nos. 5B and 5C (Irnpingers 5 and 6)- Keep 

the samples in Containers Nos. 5A, 58, and 5C separate from each other. Measure and record the 
volume of 5A to within 0.5 mi. label the contents of 
Container No. 5A to be Analytical Fraction 3A. To r e m v e  any brown MnO, precipitate from the 
carrtents of Container No. 58, filter its contents through Whatman 4U filter paper into a 500 rnl 
volumetric flask and dilute to volume with water. Save the fitter for digestion of the brown MnO, 
precipitate. Label the 500 rnl fikrate from Container No. 58 to be Analytical 
Fraction 38. Analyze Analyticaf Fraction 38 for Hg within 
48 hours af the filtration step. Place the saved fiber, which was used to remove the brown MnO, 
precipitate, into an appropriately sized vented container, which will allow release of any gases including 
cblorine formed when the fiher is digested. In a fabotatcq hood which wiIl remove any gas produced 
by the digestion of the MnO,, add 25 ml of 8 N HC1 to the  filter and allow to digest for a rninfrnurn of 
24 hours at morn temperature. Fitter the contents of Container No. 5C through a Whatman 40 filter into 
a 500-ml volumetric flask, Then filter the result of the digestion of the brown MnO, from Container No. 
58 through a Whatman 40 fitter into the same 500-rnl volumetric flask, and dilute and rnk well to 
volume with water. Discard the Whatman 40 filter. Mark this combined 500-ml dilute HCi solution as 
Analytical Fraction 3C. 

5.3,6 Container No, 6 (Silica Gel). Weigh the spent silica gel (or Sika gel plus irnpinger) to 
the nearest 0.5 g using a balance. 

5.4 Sample Analysis. For each sampling train sample run, seven individual analytical samples 
are generated : Wo for all desired metals except Hg. and five far Hg. A schematic identifying each 
sample container and the prescribed analytical preparation and analysis scheme is shown in Figure 29- 
3, The first two analytical samples, IabeIed Anatytical Fractions 1A and IB,  consist of the digested 
samples from the front-half of the train. Analytical Fraction 1A is for ICAP or AAS analysis as 
described in Sections 5.4.1 and 54.2, respectively. 
Analytical Fraction 18 is for front-hatf Hg analysis as described in Section 5,4.3, The contents of the 
back-half of the train are used to prepare the third through seventh analyticat samples. The third and 
fourth analytical samples, labeled Analytical Fractions 2A and ZB, cantain the samples from the 
moisture removal impinger No. 1, if used, and HNOJH.@, impinges Nos. 2 and 3. Analytical Fraction 
2A is for CAP or AAS anavsis for target metals, except Hg. Anatyticat Fraction 2B is for analysis for 
Hg. The ffih through seventh analytical samples, labeled Analytical Ffactions 3A, 38, and 3C, consist 
of the irnpinger conterns and rinses from the empty impingef No- 4 and the H,SO,/KMnO, lmpingsrs 
Nos. 5 and 6, These analytical samples are for anaiysis for Hg as descnid in Section 5.4.3. Tbe 
total back-half Hg catch is determined from the sum of Analytical Fractions 28,3A, 36, and 3C- 
Analytical Fractions f A  and 2A can be combined propartionally pdor to analysis. 

5.4.1 CAP Analysis. Anatyze Analytical Fractions 1A and 2A by /CAP using Method 6010 or 
Method 200.7 (40 CFR 136, Appendix C). Calibrate the CAP, and set up an analysis program as 
described in Method 6010 or Method 200.7. Follow the quality control procedures described in Section 
7-33 - Recommended wavelengths for analysis are as follows: 

are dependent upon 
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Element Wavelength (nm) 
Aluminum 
Antimony 
Arsenic 
Barium 455.403 
I3 e rylliu m 
Cadmium 
Chromium 
Cobalt 228.61 6 
Copper 
Iron 
Lead 
Manganese 
Nickel 23 1 ,604 
Phosphorous 
Selenium 
Silver 328.068 
Thallium 
Zinc 

308.21 5 
206.833 
193.696 

31 3.042 
226.502 
267.71 6 

324.754 
259.940 
220.353 ' 

257.61 0 

21 4.97 4 
196.026 . 

190.864 
21 3.856 

These wavelengths represent the best combination of specificrty and potential detection limit. Other 
wavelengths may be substituted if they can provide ihe needed specificity and detection limit. and are 
treated with the same corrective techniques for spectral interference. Initially, analyze all samples for 
the target metals (except Hg) plus Fe and Al. If Fe and Al are present, the sample might have to be 
diluted so that each of these elements is at a ancentration of less than 50 ppm so as to reduce their 
spedrai interferences on As, Cd, Cr, and Pb. 

since all front-half samples will 

and 2A by using GFAAS or direct aspiration AAS is needed, use Table 29-2 to determine 

- NOTE: When analyzing samples in a HF matrix, an alumina 

5.4.2 AAS by Direct Aspiration and/or GFAAS. If analysis of metals in Analytical Fractions 1A 

torch should be used; 
contain HF, use an alumina torch. 

. .. 
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which techniques and procedures to apply for each tat.get metal. Use Table 39-2, if necessary, to 
determine techniques for minimization of interferences, Calibrate the instrument amrding to Section 
6,3 and follow the quality control procedures specified in Section 7.3.2. 

5.4.3 CVAAS Hg analysis. Analyze Analytical Fractions 18, ZB, 3A, 38, and 3C separately for 
Hg using CVAAS following the method outlined in EPA SW-8a6 Methud 7470 or in Standard Methods 
lor Water and Wastewater Analysis, 15th Edition, Method 303F, or, optionally using NOTE Nom 2 at the 
end of this section. Set up the calibration curve (zero to 1000 ng) as described in SW-846 Method 
7470 or similar to Method 303F using 300-mi BOD bottles instead of Erlenrneyers. Perform the 
following fat each Hg anatysis, from each otiginal sample, select and record an aliquot in the site 
range from I ml to 10 ml. Dilute the aliquot to I00 ml with water. If no prior knowledge of the r 

expected amount of Hg in the sample exists, a 5 rnl aliquot is suggested for the first dilution to 100 rnl 
(See NOTE No. 1 at end of this Section). The total amount of Hg in the aliquot shall be less than 1 pg 
and within the range (zero to 1000 ng) of the calibmtion mwe. Place each sample aliquot into a 
separate 300-ml BOD bottle, and add enough water to make a total volume of 100 ml. Next add to it 
sequentially the sample digestion solutions and perform the sample preparation described in the 
procedures of SW-8.46 Method 7470 or Method 303F. (See YOTE No. 2 at the end of this Section). If 
the maximum readings are off-scale (because Hg in the aliquot exceeded the calibration range; 
including the situation where onty a 1-rnl aliquot of the original sample was digested), then dilute the 
original sample (or a portion of it) with 0.15 percent HNO, (1-5 ml concentrated HNO, per liter aqueous 
solution) so that when a I- 10 10-ml aliquot of the "0.15 HNO, percent dilution of the original sample" is 
digested and analyzed by the procedures described above, it will yieM an analysis within the range of 
the  calibration cum.  

detection limit given in Table 29-1, select a 10 ml aliquot for digestion and analysis as 
NOTE No. 1: When Hg levels in the sample fractions are 

described. 
NOTE No. 2: Optionally, Hg can be analyzed by using the 

quality control procedures for the Leeman Model PS200, the 

bebw the in-stack 

CVAAS analytical 
procedures given by some instrument manufacturer's directions. These include calibration and 

Pelkin Elmer FlMS 
systems, and similar models, if available, of other instrument manufacturers- For 
digestion and analyses by these instruments, perform the following two steps; (l), Digest the 
sample aliquot through the additin of the aqueous hydroxyiamine hydrochloride/sodjum chlofde 

Leeman, Perkin Elmer, solution the same as described in this Section 5.4.3.: (The 
and simiIar instruments described in 

described in (I), analyze the 

this note add aufomatically the necessary stannous chloride 
1 (2), Upon completion of the digestion 

sample according to the instrumnf manufacturer's 
directions. This approach allows multiple (including 

analyses of a digested sample aliquot. 
6. Calibration 

Maintain a laboratory tog of all calibrations, 
6.1 Sampling Train Calibration. Calibrate the sarnpfing train components according 10 the 

duplicate) automated 

indicated sections of Method 5: Probe Nozzle (Section 5.1): Pitot Tube (Section 5.2); Metering System 
(Section 5.3); Probe Heater (Section 5.4); Temperature Gauges (Section 55); Leak-Check of the 
Metering System (Section 5.6); and Barometer (Section 5.7). 

6.2 Inductively Coupled Argon Plasma Spectrometer Calibration. Prepare standards as 
outlined in Section 4.5. Profile and calibrate the instrument according to the manufacturer's 
recommended procedures using those standards. Check the calibration once per hour. If the 
instntrnent dues not reproduce the standad cancemmions within 10 percent, perform the complete 
calibration procedures. 

6.3 Atomic Absorption Spectrometer - Direct Aspiration AAS, EFAAS, and CVAAS analyses. 
Prepare the standar-ds as outlined in Section 4.5 and use them to calibrate the spectrometer. 
Calibration procedures are aka outlined in the EPA methods referred to in Table 29-2 and in SW-846 
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Method 7470 or in Standard Methods for Water and Wastewaler Method 303F (for Hg). Run each 
standard curve in duplicate and use the mean values to calculate the calibration line. Recalibrate the 
instrument approximately once every 10 to f 2 samples. 
7. Quality Control 

Container Nos. 7 through 12 that were produced in Sections 52.1 1 through 5.2.17, respectively. 

from Container No. 7 per  Section 5.3.2, and 100 ml f n m  Container No. 8 A  per Section 5.3.3. This step 
produces blanks for Analytical Fractions 1A and 1B. 

7.12 Combine 100 rnt of Cantainer No. 8A with 200 rnl from Container No. 9, and digest and 
analyze the resultant volume per Section 5.3.4. This step produces blanks for AnaIytW Fractions 2 A  
and 28. 

7.1.3 Digest and anatyze a 100-ml portion of Container No. 8A to produce a blank for 
Analytical Fraction 3A, 

7.7.4 Combine 100 ml from Container No. 10 with 33 ml from Container No. 8B to produce a 
blank for Analytical Fraction 3B. Filter the resultant I33 mf as described for Container No. 5B in 
Section 5-35, except do not diIute the 133 rnl. Anatyze this blank for Hg within 48 hr of the filtration 
step, and use 400 ml as the blank volume when calculating the blank mass value. Use the actual 
volumes of the other analytical blanks when cabdating their mass values. 

Analytical Fraction 38 by the Same procedure as descfibed in Section 5.3.5 for the similar SaQle fitter. 
Filter the digestate and the contents of Container No. 11 through Whatman 40 paper into a 500-ml 
volumetric flask, and dilute to volume with water. These steps produce a blank for Analytical Fraction 
3c. 

7.1.6 Analyze rhe blanks for Analytical Fraction Blanks 1A and 2A per Section 5.4-1 and/or 
Section 5.4.2. Analyze the blanks for Anatytjcal Fractions IB, 26, 3A, 38, and 3C par Section 5.4-3. 
Analysis of the blank for Analytical Fraction 1A produces the front-half reagent blank mnectbn values 
for the desired metals except for Hg; Analysis of the blank for Analytical Fraction 1B produces the front- 
haff reagent blank correction value far ffg. Analysis of the blank for Analytical Fraction 2A produces the 
back-half reagent blank correction values for all of the desired metals except for Hg, while separate 
analyses of the blanks for Analytical Fractions 2B, 3A, 38, and 3C produce the back-hatf reagent blank 
correction value for Hg. 

7.1 Field Reagent Blanks, if analyzed. Perform the digestion and analysis of the blanks in 

7.1 .I Digest and analyze one of the fihers from Container No. 12 per Section 5.3.1 100 ml 

7.1.5 Digest rhe filter that was used to remove any bmwn MnO, precipitate from the blank for 

7.2 Quality Control Samples, Analyze the foilowing quality confrol sarnpies. 
7.2.1 CAP Analysis. Follow the quality control shown in Section 8 of Method 6010 in SW-846. 

For the purpdses of a source test that consists of three sample mns, modify those requirements to 
indude the following: two instrument check standard rum, two calibration blank runs, one interference 
check sample at the beginning of the analysis (anatyze by Method of Standard Additions unless within 
25 percent), one quality corrtrol sample to check the accuracy of the calibratian standards (required to 
be within 25 percent of calibration), and one duplicate analysis (requited to be within 20 percent of 
average or repeat all analyses). 

Mn, Hg, P, Se, Ag, TI, and Zn. Analyze all samples in duplicate. Perform a matrix spike an at least 
one front-half sample and one back-hatf sample, or one combined sample. If recoveries of less ttlan 
75 percent or greater than 125 percent are obtained for the matrix spike, analyze each sample by the 
Method of Standard Additions. Analyze a quality control sample to check the accuracy of the 
cafibratbn standards. If the results are not within 20 percent, repeat the calibration. 

7.2.3 C V M S  Analysis for Hg. Analyze all samples in duplicate. Analyze a guality control 
sample to check the accuracy of the calibration standards (if not within 15 percent, repeat calibration). 
Perform a matrix spike on one sample (if not within 25 percent, analyze ail samples by the Method of 
Standard Additions). Additional information on quality control can be obtained from €PA SW-846 
Method 7470 or in Standard Methods for Water and Wastewater Method 303f. 

7.22  Direct Aspiration M S  an&or GFAAS Anatysis for Sb, As, Ba, Be, Cd, Cu, Cr, Co, Pb, Ni, 
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8. Calculations 
8.1 Dry Gas Volume. Using the data from this test, calculate Vm(s,d), the dry gas sample 

volume at standard conditions as outlined in Section 6.3 of Method 5. 
8.2 Volume of Water Vapor and Moisture Content. Using the total volume of condensate 

collected during the source sampling, calculate the volume of water vapor VWm, and the moisture 
content BW of the stack gas. Use Equations 5-2 and 5-3 of Method 5. 

8.3 Stack Gas Velocity. Using ihe data from this test and Equation 2-9 of Method 2, calcufate 
the average stack gas velocity. 

8.4 Merafs (Except Hg) in Source Sample. 
8.4.1 Analytical Fraction IA ,  f ront-Half, Metals (except Hg). Calculate separately the amount 

of each metal collected in Sample Fraction 1 of the sampling train using the following equation: 
4, = Gal Fd vOctn.1 Eq. 29-1 

where: 
4, = 

Vsdn,1= 
NOTE: I f  Analytical Fractions 1A and 2A are combined, use proportional aliquots. Then make 
appropriate changes in Equations 29-1 through 29-3 to reflect this approach, 

8-42 AnaJytical Fraction 2A, Back-Half, Metals (except Hg). Calculate separately the amount 
of each metal collected in Fraction 2 of the sampling train using the following equation. 

where: 
M, = C, Fa V, Eq. 29-2 

M, = Totat mass of each metal (except Hg) collected in the back-hatf of the 
sampling train (Sample Fraction 2), pg. 

C, = Concentration of metal in Analytical Fraction 2A as read from the standard 
cuwe, (pglrnl). 

F, = AIiquot factor, volume of Sample Fraction 2 divided by volume of Sample 

Total mass of each metal (except Hg) cotlected in the fmnt half of the 
sampling train 
(Sample Fraction I), pg. 
Concentration of metal in Analytical 
Fraction I A  as read from the standard curve, 

Dilution factor (Fd = the inverse of the fractional portion of the amcentrated 
sample in the solution actually used in the instrument to produce the 
reading Ca,. For example, if a 2 rnl aliquot of Analytical Fraction 1A is 
diluted to 10 rnl to place it in the calibrdtian range, Fd = 5). 
Total volume of digested simple solution (Analytical Fraction 11, ml. 

MYml* 

Fraction 2A (see Section 53.4.) 
V, = Total volume of digested sample solution (Analytical Fraction ZA), rnl (see - 

Section 5.3.4.1 or 5.3.4.2, as applicable). 

Eq, 343 

8.4.3 Total Train, Metals (except Hg). Calculate the total amount of each of the quantified 
metals collected in the sampling train as follows: 

where: 
M, = (M, * M d  f (M* " M M J  

M, = Total mass of each metal (separateiy stated for each metal) collected in 
the sampling train, pg. 

M,,, = Blank correction value for mass of metal detected in from-haH field reagent 
blank, pg. 

M, = Blank correction value for mass of metal detected in back-half fietd reagent 
blank, w. 

NOTE: If the measured blank value for the from half (w is in ths range 0.0 to "A" pg [where -Aw pg 
equals the value determined by muttiplying 1.4 pgin.2 times the actual area in in.2 of the sample finer], 
use qb to caffect the emission sample value (b): if mrhb exceeds "A' pg, use the greater of I or It: 
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I .  "A" Jig. 
I I .  the lesser of (a) b, or (b) 5 percent of b. 

If the measured btank value for the back-half (a is in the fange 0,O to 1 Vg, use m, to correct the 
emission sample value (QJ; if rrb, exceeds 1 pg, use the greater of I or 11: 

1. 1 pg, 
II. the lesser of (a) n%l or (b) 5 percent of IT'&,,- 

8.5 Hg in Source Sample, 
8.5.1 Anatytical Fraction 18; Frorrt-HaIf Hg. Cablate rhe arimnt of I4.g collected in the front- 

half, Sample Fraction 1, of the sampling train by using Equation 29-4: 

- Q f h  Eq. 29-4 Hg,, - - (Vsoln.1) VfrA 

where: 
Hg,, = Total mass of Hg collected in the front- haif of the sampling train (Sample 

Fraction I ) ,  pg. 
Q,, = Quantity of Hg, w, TOTAL in the ALIQUOT of Anabtical Fraction 16 

selected for digestion and analysis . NOTE: For example, if a 10 ml 
aliquot of Analytical Fraction 1B is taken and digested and analyzed 
(according to Section 5.4.3 and its NOTES NOS. 1 and 2), then cablate 
and use the tatai amount of Hg in the 10 ml aliquot for Qlh. 

V,,, = Volum of afiquot of Analytical Fraction 15 analyzed, ml. Note: For 
example, if a 1 ml aliquot of Analytical Fraction 16 was diluted to 50 ml 
with 0.15 percent HNO, as described in Section 5.4.3 10 bring it into the 
proper analytical range, and tben 1 ml of that 50-mt was digested 
according to Seaion 5.4.3 and analyzed, V,,, would be 0.02 ml. 

V6ddn.l = Total voturne of Analytical Fraction 1, ml. 

8-5.2 Analytical Fractions 2B, 3A, 3B, and 3C: Back Half Hg. 
8.521 Calculate the amount of Hg collected in Sample Fraction 2 by using Equation 29-5: 

where: 
Hg, = Total mass of Hg cdlected in Sample 

Fraction 2, jig. 
= Quantity of Hg, pg, TOTAL in the ALIQUOT of AnaMicat Fraction 28 

selected for diqestion and analysis . NOTE: for  example, if a 10 ml 
aliquot of Anwical Fraction 2B is taken and digested and analyzed 
(according to 
Section 5.4.3 and its NOTES Nos, 1 and 2), then 
calculate and use the total amount of Hg in the 

ml aliquot for &. 
VA2 = Total volume of Sample Fraction 2, ml. 

10 
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v,, = Volume of Analytical Fraction 2B analyzed, ml. Note: For example, if 1 ml 
of Analytical Fraction 28 was diluted to 10 ml with 0.15 percent HNO, as 
described in Section 5.4.3 to bring it into the proper analytisal range, and 
then 5 mi of that 10-ml was analyzed, Vae would be 0.5 ml. 

8.5.2.2 Calculate each of the back-half Hg values for Analytical Fradions 3A, 38, and 3C by 
using Equation 29-6: 

I - Qb,, ( A ,  B .  C) ( Vsoln, 3 (A, 8 ,  c, 1 Eq. 29-6 H g , h ,  ( A ,  8 ,  C )  
Vf3 (A,  8 ,  C) 

where: 
HSbh3(A.B,c) = Total mass of Hg collected separately in Fraction 3A, 38, or 3C, pg- 

C?M3(qB,cl E Quantity of Hg, pg, TOTAL, separately, in th8,ALIQUOT of Analytical 
Fraction 3A, 3B, or 3C selected for digestion and anatysis ? (see previous 
notes in Sections 8.5.1 and 8.5.2 describing the quantity "Q" and calculate 
sirnilarty). 

v , ~ ( ~ ~ , ~  = Volume, separately, of Anatytical Fraction 3A, 3E3, or 3C analyzed, ml (see 
previous notes in Sections 8.5.1 and 8.5.2, describing the quantity V" and 
calculate similarly). 

Vraln,P(sa,cl = Total volume, separately, of Analytical Fraction 3A, 36, or 3C, ml. 

8.5.2.3 Cakutate the total amount of Wg colleaed in the back-half of the sampling train by 
using Equation 29-7: 

where: 
Hg, = H k  + H%% + Hh3,  + Hgoh3C Eq. 29-7 

mbh = Tutal m a s  of Hg collected in the hack-half of the sampling train, pg. 
8.5.3 Total Train Hg Catch. Calculate the total amount of Hg collected in the sampling train by 

using Equation 29-8: 

where: 
Hg, = Total mass of Hg cuilected in the sampling train, pg- 

Hakhb = Blank c a m e a i m  value for maw of Hg detected in front-hatf field reagent 
blank, pg" 

Hs,, = Blank correction value for mass of Hg detected in back-ha1 field reagent 
blanks, pg. - Note: If the total of the measured blank values (Hahb + Hgbhd is in the range of 0.0 to 0.6 pg, then use 

the total to correct the sample value (Hg, + Hgbh); if it exceeds 0.6 pg, use the greater of I. or II: 

the sample value (Hglh + Hgd. 

I. 0.6 pg- 
II. the lesser of (a) (iih + HgbhJ, or (b) 5 percent of 

8.6 Individual Metal Concentrations in Stack Gas. Calculate the concernration of each metal in 
the stack gas (dry basis, adjusted to standard cclnditions) by using Equation 29-9: 

where: 
C, = Concentration of a metal in the stack gas, mg/dscm. 
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Eq. 29-9 

K,= l o 3  Wpg. 
M, = Total mass of that metal coiled& in the sampling train, pg: (substitute Hg, 

VMgd) = Volume of gas sample as measured by the dry gas meter, corrected to dry 
for M, for the Hg cablation). 

standard conditions, dscm. 
8-7 lsokinetic Variation and Acceptable Results. Same as Methd 5, Sections 6.1 1 and 6.12, 

1. Method 303F in Standard M e t M s  for the Examination of Water Wastewater, 15th Edition, 

respectively, 
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