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MANAGEMENT DISTRICT 

MANUAL OF PROCEDURES 
This Manual of Procedures is designed to give technical assistance and 
guidance to persons subject to the rules and regulations of the Bay Area 
Air Quality Management District. Mention of trade names or commercial 
products does not imply the Bay Area Air Quality Management District's 
endorsement or recommendation for use. 
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l- EVALUATJ;ON OF VISIBLE_ EMISS-I-ON~- . 

REF: Regs. 6-301, 6-303, 6-304, 
10-1-302, 
12-4-301,· 12-4-302-

I,l INTRODUCTION 

The following guidelines have been developed to assure 

the uniform evaluation ot visible emissions by a trained 

observer, and should be utilized with every observation to 

the extent they are applicable, and to_ whatever extent time 

and physical circumstances reasonably permit. 

I 
1.2 OBSERVER$ ~q9ATI_Q~ 

1.2.l Observations shall be made such that the line of 

sight is approximately at a right angle (90~) to the path 

_or the plume. 

1.2.2 The plume should be observed against a suitable 

backgroundJ at its point or maximum obscuration. Whenever 

possible, black plumes should be evaluated using a blue sky 

background and white plumes should be evaluated using a 

dark cont~asting background. 

1.2.3 Daylight observations should be made with the 

observer racing away from the sun. 

1.2.~ Observations during hours or darkness should be 

made with the aid or a light source. This source of light 

may be ambient or artificial depending upon prevailing 

conditions and should emanate from behind the plume, .. ,,opposite the observ.er. it 

l 
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-1.2.5 When evaluating an elevated sou:-ce the observer 

should be located 2t a suitable distance from the source. 

This location, d~pending upon viewing conditions, should 

normally fall somewhere between two stack heights and a 

quarter or a mile from the source. 

l . 3 TIKE I?fr~RVAL BETWEEN ~AD:r;!!Q.~. 

Readings shall be noted at approximately 15 seconds 

intervals during the observation. Each 15 second momentary 

observation recorded shall be deemed to represent the 

average value or emissions for that 15 second period. 

Beading intervals up to l minute shall be permitted

where the appearance or the emission does not vary during 

such interval. --
L.l1 INT:SNSITY AND DURATION OF EXCESSIVE VISIBLE EMISSIONS 

. - - -- -· --- ---- - .. - -··--·· 

Regulation 2 states that any visible emission as dark 

or darker tha.~ a Ringelmann fl, for more than 3 minutes in 

any 60 minute period, is considered to be excessi~e. Our 

curren~ polic~.es e.nd procedures, recognizing the subjectivity 

of the Ringelmann system, specify that a visible emission. 
must be as dark or darker than a Ringelmann l l/2 to be 

co~side~ed excessive. 

J.:. 5 WET :f'.LUMES 

Wet plUI!les are defined as "Those plumes where the pre

sence of uncombined water 1s the only reason for the fa1l~re 

of an emission to meet the limitations of-Regulations·6~301, 

6-303 and 10-1-302. 
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The guidelines for the evaluation of "Wet" plumes are 

as follows: 

1.5.l Residual plume is that part of the plume which 

continues to exist after the apparent evaporation of the 

water droplets emitted. 

l.5.2 No violations will be written on wet plume 

without_ a residual plume. 

1.-5.3 Residual plumes which appear., in the judgment 

of the viewer, to be more than Ringelmann #1 when the 

relative humidity is less than 60 percent, will be 

considered to be in violation. 

1.5.4 Changes ·in staff practices will be publicized 

and made available, particularly to those known to us to 

be interested in regulations on wet plumes_. 

1.6 QUALIFICATION CRITERIA FOR EVALUATION OF VISIBLE EMISSIONS 

l.6.1 Certification•.The Inspector must qualify on 

both black and white plumes at the plume evaluation training 

school. Qualification on either plume shall consist of meet

ing the following requirements· during both Daylight and 

Night training sessions. 

Observe and successfully evaluate the opacity of 

· one run of black smoke and one run of white smoke in 

accordance with the following requirements: 

1,6.l.l The deviation or any reading must not be 

greate~ than 15%. 
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1.6.1.2 The average deviation for both b~ack and white 

runs must be less tha..~ 7-5~. 

1.6.2 The following definitions apply: 

1.6.2.1 A "run" consists of 25 consecutive observations. 

1.6.2.2 "Single reading deviation" means the absolute 

value of the difference between the calibrated meter's 

reading and the Inspector's record on an individual 

observation. This single reading deviation is 

expressed as a percentage on the basis that each full 

Ringelmann number represents 20~. Each one quarter 

Ringelmann then represents 5%. 

l. 6. 2. 3 "Average deviation" of a run is obtained by 

adding the absolute values of all the single reading 

deviations of the run, disregarding plus and minus 

sig~s,. and dividing by the total number of single 

readings in the run. 

1.6.3 Maintenance of certification -

1.6.3.1 The Inspector must satisfactorily complete the 

Certification Procedure every 6 months (twice/year) 

~~ order to maintain certification. 

-



2. INSPECTION CRITERIA FOR PHASE II GASOLINE VAPOR BALANCE SYSTEMS 

RE?: Reg. 8-7-601 

2.1 INTRODUCTION 

Regulation 8-7-305 requires that all equipment be 

maintained in good working order. The following criteria have 

been developed to insure uniformity in the evaluation of 

Phase II gasoline vapor balance systems and the following 

procedures are used during the inspection of such ~ystems. 

2.2 VAPOR BALANCE SYSTEMS 

2.2.l Only two first generation vapor balance systems 

are approved for use within the BAAQMD, OPE 7VA a.~d Emco 

Wheaton A300. Any sy~tem installed after September 26, 1978 

must be certified by the California Air Resources Board (CARB). 

- The first generation systems require only the nozzle, vapor 

hose, and underground vapor piping. The state certified 

systems required the nozzle, shorter hoses, an anti

recirculation valve, on retail facilities, swivels at the 

nozzle and· dispenser, and a flow limiter. A further pre

requisite for state certification is a maximum allowable 

pressure drop, through the underground system, of .35 inches 

of water column at a flowrate of 50 CFH. 

2.3 THE BAAQMD INSPECTION 

2.3.l Various items are checked by BAAQMD inspectors 

during the evaluation of Phase II vapor balance- systems. 

Figure I-1 is the inspection sheet (Form I-24-79) used to 

determine compliance status of the system. The following 

are the procedures for filling out Form #I-24-79. 
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2.3.2 Station. Enter the name of the service station. 

2.3.3 Address. Enter the st~eet add~ess of the 

service station. 

2.3.~ City. Enter the city in which the service 

station is located. 

2.3.5 Contact. Enter the name of the station owner 

or manager. 

2.3.6 Phone. Enter the telephone number of the 

service station. 

2.3.7 Date. Enter the date or the inspection. 

2.3.8 Inspector. Enter the name of the person 

performing the inspection. 

2.3.9 VN i. If a Violation Notice is issued enter 

the violation notice number. If no VN. is issued enter -
"none". Do not leave this space blank. 

2.3.10 Permit. Enter the Permit to Operate number. 

Do not leave this space blank. 

2.3.11 No. of Self-Service Islands. Enter the number 

of self-service islands. 

2.3.12 No. of Full-Service Islands. Enter the number 

cf full-service islands. 

2.3.13 Total Ne. of Dispensers. Enter the total 

nt:.rr:ber of dispensers. 

2.3.1~ No. of Unleaded Dispensers. Enter the number 

of unleaded dispensers. 

2.3.15 No. of Regular Dispensers. Enter the number 

of regular grade dispensers. 
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2.3.16 No. of Premium Dispensers. Enter the number 

of premium grade dispensers. 

2.3.17 Pump Number. If a diagram is included on the 

inspection sheet then enter the number from the diagram 

(1,2,3, etc.). If a diagram is not included or if the pumps 

are not numbered then enter the ser~al number on the dispenser. 

~6tethe dispenser model number.) 

2.3.18. Nozzle Type. Enter the manufacturer and model 

number of the nozzle. The vapor balance nozzles most 

encountered will be OPW 7VA, OPE 7VC, Emco-Wheaton A300 

and Emco-Wheaton A3003. 

2.3.19 Gas Grade. Enter P for Premium, R for Reg1.:.lar, 

UL for unleaded, and D for diesel. 

On the following 12 items, enter a Yin the appropriate 

square on Form I-24-79 if the item is acceptable as installed 

and enter a N if the item ~snot acceptable. 

2.3.20 Nozzle Type. The following vapor balance 

nozzles are acceptable: OPE 7VA, Emco-Wheaton A3003,. 
OPW 7VA properly maintained and Emco-Wheaton A300 properly 

maintained. 

2.3.21 Mounting Rack. Nozzle must be mounted securely 

and in such a manner that the vapor check valve is closed. 

(Insure that bellows are not compressed.) 

2.3.22 Face Seal. The race seal must not be cracked, 

torn or missing. Ir the nozzle is not equipped with a 

separate face seal enter N/A. 

2.3.23 Plastic Cup. The OPW 7VA nozzles are equipped 

with a white plastic cup that pushes against the back 
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surface of the face seal. If the cup is broken or cracked, 

vapor can leak fro~ the nozzle. For all other nozzle types, 

enter N/A on .I-27-79. 

2.3.2ij Ring or Rivet. The latch ring shall be secured 

in its specified position and rivets must not be loose or 

sheared orr. 

2.3.25 Bellows. The bellows should be clamped securely 

to the nozzle barrel and must not have cracks.or tears or 

holes. 

2.3.26 ·Flow Limiter. If the state certified Emco

Wheaton A3003 nozzle is used a flow limiter must be present 

on the product line. If any other nozzle except the OPW 7VC 

is being used then enter N/A/ The OPW 7VC is equipped with 

an internal flow limiter. 

2.3.27 Swivels. If a state certified OPW 7VC or Emco

Wheaton A3003 nozzle is used there must be two swivels 

attached to the nozzle. If a first generation OPW 7VA or 

EI:lco-W'heaton A300 nozzle is being used and no swivels are 

~~esent enter N/A. 

2. ·3. 28 Hose 9/8 Length. If a state certified nozzle is 

usea the vapor and product hose lengths must be 8 and 9 feet 

~espect1vely, or l/2 the island width plus 6 feet. If a 

first gene~ation nozzle is us7~, any hose length is 

accep";able. 

2.3.29 Recirculation Trap. If a state certified 

balance system is installed, an anti-recirculation valve 

must be included on commercial retail facilities. Acceptable -are OPW 78 series or Emco-Wheaton A-8. These may be 

8 
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installeq inside or outside the dispenser and the inlet to 

the valve must be not greater than 3.5 inches above the 

island. If a first generation nozzle is used enter N/A. 

2.3.30 Swivels. If a state certified system is 

installed there must be a swivel on the vapor hose at the 

anti-recirculation valve. The OPW 78-S anti-recirculation 

valve has a built-in swivel. If a first generation system 

is used and no swivel is present enter N/A. 

2.3.31 Plat, Torn or Kinked. Vapor hoses shall be 

leak free and kinked or flattened hoses are unacceptable. 

2.3.32 Pressure Drop Test, t P, Inches of Water Column. 

2.3.32.1 Before Draining Hose. See Source Test 

Method ST-27. 

2.3.32.2 After Draining Hose. See Source Test 

Method ST-27. 

2.3.33 Auto Shutoff, Y or N. The automatic shutoff 

mechanism of the nozzle shall be checked in either of the 

following ways. 

2.3.33.1 Pill a container with gasoline to a depth 

of approximately 3 inches, begin dispensing gas and dip the 

spout into the liquid, insuring that the pressure tap is 

submerged. If the nozzle does not shut off there is a 

defect in the nozzle. 

2.3.33.2 With dispenser OFF engage the nozzle trigger, 

place finger securely over the pressure tap and use a 

squeeze bulb to induce a vacuum. If the nozzle trigger 

does not releaseJthe automatic shut off mechanism is 

malfunctioning. 

9
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2.3.3~ Comments. Enter any appropriate comments 

regarding compliance status of vapor recovery equipment. 

2.3.35 Aftercompleting the inspection, give the pink 

copy of Form I-27-79 to the station contact along with the 

Violation Notice, if one is issued. 

-

10 -



• BAY AREA AIR QUALITY MANAGEMENT DISTRICT 
PHASE II VAPOR RECOVERY INSPECTION SHEET 

Station Address City 

Contact Phone Date 

Inspector VN Number Permit. 

NO. OF SELF-SERVICE ISLANDS ________ NO. Of UNLEADED DISPENSERS________ 
NO. OF FUU-SERVICE ISLANDS NO. OF REGULAR DISPENSER$ ________ 
TOTAL NO. OF DISPENSERS NO. OF PREMIUM DISPENSERS ________ 

PUMP 
NUMBER 

NOZZLE 
lYPE 

-

GAS 
GRADE 

. 

ACCEPTABLE. YES OR NO 

NOZZLE 1. NOZZLE TYPE 

2. MOUNTING RACK 

3. FACE SEAL 

4. PLASTIC CUP 

5. RING OR RIVET 

6. BELLOWS 

7. FLOW LIMITER 

8.SWIVELS 

HOSE 9. 9/8 LENGTH 

10. RECIRCULATION TRAP 

11. SWIVELS 

12. FLAT, TORN OR KINKED 

PRESSURE DROP TEST, 6P, INCHES OF WATER COLUMN 

13. BEFORE DRAINING HOSE 

14. AFTER DRAINING HOSE 

15. AUTO. SHUTOFF, Y OR N 

COMMENTS: ________________________________ 

Figure I-l 
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5. BOILER, STEAM GENERATOR, AND PROCESS HEATER TUNING PROCEDURE 11 

REF: Reg. 9•7-§04 and Proposed Reg. 9·10-605 

5.1 INTRODUCTION 

Regulation 9-7-304.2 and Regulation 9-10-304.2 require that boilers, steam generators, 
and process heaters be tuned at least once every twelve months by a technician in accordance 
with the procedure specified in Section 9-7-604 and 9-10-S05, respectively. The following 
tuning procedure has been developed to insure uniformity in the conduct of the tune-ups. 

Nothing in this Tuning Procedure shall be construed to require any act or omission that 
would result in unsafe conditions or would be in violation of any regulation or requirement 
established by Factory Mutual, Industrial Risk Insurers, National Fire Prevention Association, the 
California Department of Industrial Relations (Occupational Safety and Health Division), the 
Federal Occupational Safety and Health Administration, or other relevant regulations and 
requirements. 

5.2 THE TUNING PROCEDURE 

,. Operate the unit at the firing rate most typical of normal operation. If the unit 
experiences significant load variations during normal operation, operate it at its average 
firing rate. 

2. At this firing rate. record stack gas temperature, oxygen concentration, and CO 
concentration (for gaseous fuels) or smoke-spot number g{_ {for liquid fuels), and 
observe flame conditions after unit operation stabilizes at the firing rate selected. If the 
excess ~gen in the stack gas is at the lower end of the range of typical minimum 
values , and if CO emissions are low and there is no smoke, the unit is probably 
operating at near optimum efficiency· at this particular firing rate. However. complete f 

\the remaining portion of this procedure to determine whether still lower oxygen levels 
are practical. 

3. Increase combustion air flow to the furnace until stack gas oxygen levels increase by 
one to two percent over the level measured in Step 2; As in Step 2, record the stack 
gas temperature, CO concentration (for gaseous fuels) or smoke-spot number (for 
liquid fuels}, and observe flame conditions for these higher oxygen levels after boiler 
operation stabilizes. 

4. Decrease combustion air flow until the stack gas oxygen concentration is at the level 
measured in Step 2. From this level gradually reduce the combustion air flow. in small 
increments. After each increment, record the stack gas temperature. oxygen 
concentration, CO concentration (for gaseous fuels) and smoke-spot number (for liquid 
fuels). Also, observe the flame and record any changes in its condition. 

1/ This tuning procedure is based on a tune-up procedure developed by KVB, Inc. for the 
EPA. . 

2/ The smoke-spot number can be determined with ASTM test method D-2156-80 or with 
the Bacharach method. The Bacharach method is included in a tune-up kit that can be 
purchased from the Bacharach- Company. 

3/ Typical minimum oxygen levels for boilers at high firing rates are: 0.5 - 3% for natural 
gas and 2-4% for liquid fuels. At low firing rates, typical minimum oxygen levels are: 3-
8% for natural gas and 5-8% for liquid fuels. 

1 
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s. Continue to reduce combustion air flow stepwise, until one of these limits is reached: 

a. Unacceptable flame conditions • such as flame impingement on furnace walls 
or burner parts, excessive flame carryover, or flame instability. 

b. Stack gas CO concentrations greater than 400 ppm. 
C. Smoking at the stack. 
d. Equipment • related limitations • such as low windbox/furnace pressure 

gifferential. built in air-flow limits, etc, 

6. Develop an 02/CO curve (for gaseous fuels) or 02/smoke curve (for liquid fuels) similar 
to those shown in Figures 1 and 2 using the excess oxygen and CO or smoke-spot 
number data obtained at each combustion air flow setting. 

7. From the curves prepared in Step 6 1 find the stack gas oxygen levels where the CO 
emissions or smoke-spot number equal the following values: 

Fuel Measurement Value 

Gaseous CO Emissions 400 ppm 
#1 and #2 oils smoke-spot number number 1 
#40il smoke-spot number number 2 
#SOil smoke-spot number number 3 
Other oils smoke-spot number number4 

The above conditions are referred to as the CO or smoke thresholds, or as the 
minimum excess oxygen levels. 

Compare this minimum value of excess oxygen to the expected value provided by the 
combustion unit manufacturer. If the minimum level found is substantially higheJ than 
the value provided by the combustion unit manufacturer, burner adjustments can 
probably be made to improve fuel and air mix, thereby allowing operations with less air. 

8. Add 0.5 to 2.0 percent to the minimum excess oxygen level found in Step 7, unless the 
plant is authorized by the District in a permit condition to add a higher percentage to 
the minimum excess oxygen level of this source, and reset burner controls to operate 
automatically at this higher stack gas oxygen level. This margin above the minimum 
oxygen level accounts for fuel variations, variations in atmospheric conditions, load 
changes, and nonrepeatability or play in automatic controls. 

9. If the load of the combustion unit varies significantly during normal operation,· repeat 
Steps 1-8 for firing rates that represent the upper and lower limits of the range of the 
load. Because control adjustments at one firing rate may affect conditions at other 
firing rates, it may not be possible to establish the optimum excess oxygen level at all 
firing rates. If this is the case, choose the burner control settings that give best 
periormance over the range of firing rates. If one firing rate predominates, setting 
should optimize conditions at that rate. 

10. Verify that the new settings can accommodate the sudden load changes that may 
occur in daily operation without adverse effects. Do this by increasing and decreasing 
load rapidly whne observing the flame and stack. If any of the conditions in Step s 
result, reset the combustion controls to provide a slightly higher level of excess oxygen 
at the affected firing rates. Next, verify these new settings in a similar fashion. Then 
make sure that the final control settings are recorded at steady-state operating 
conditions for Mure reference. 
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PERMIT REQUIREMENTS 
'-"· 

REF: Regs. 2-1-301 to 2-1-306 

l. INTRODUCTION 

The BAAQMD requires permits for any machine, equipment, or 

other device which may emit any of the major air contaminants 

(particulate, organic gases, sulfur dioxide, nitrogen dioxide, 

or carbon monoxide) or any odorous or hazardous pollutants (such 

as asbestos, beryllium, mercury, sulfuric acid, hydrogen sulfide, 

hydrogen fluoride, and lead.) Also, any abatement device which 

may reduce er eliminate air contaminants must have a permit. 

2. PERMIT~ APPLICATIO_N, E?tf~SSIO~S 

A variety of means may be used to estimate the quantity of 

emissions on the basis of information submitted in a permit 

application. 

The emissions may be estimated from factors taken from AP-42, 

("Compilation of Air Pollution Emission Factors," EPA), by material 

balances using engineering expertise and knowledge of the process, 

or by any other acceptable documented methodology. 

Acceptable estimates may also be obtained from source tests 

of similar operations, from the technical literature, and from 

vendor specifications and guarantees. 

The District Permit Services Division makes available guide

lines for emissions calculations and other pertinent information 

related to emissions and is available for consultation. 

3. LISTS AND CRITERIA FOR DETERMINING COMPLETENESS OF PERMIT 
APPLICATIONS . 

3.l Objectives 
-.._.. 

\.____ . Chapter 4.5, Section 65940 of the Government Code requ~~es 
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that each APCD compile one or more lists which will specify the 

i~fo:-::iation required fro~ any applicant for a development project. 

~he AC?D~s are also to indicate the criteria which will be applied 

to dete:-t1ine the completeness or an application. 

This document provides the information which an applicant 

~ill need to enable him to prepare and file an application with the 

3ay Area Air Quality Management District (BAAQMD). It will advise 

him what information is required to ensure a complete application 

ar:d whom to call if he has problems in preparing the application. 

=~fc~r.iation is also provided on approval schedules, fees and appeals . 
.... 

In order to make this document more useful to the individual 

2~plicant, separate requirement lists and criteria for determining 

cou~leteness are given for different types of development projects. -. 
~s~e the definition of "development project" attached.) 

Applicants who find that the attached material does not fully 

a~swer their questions should contact the Permit Servipes Division 

~~ ~c15) 771-6000, ext. 259. 

3.2 Procedures for Approval 

:F'or some development projects, the California Envi:-or.mental 

;.-..":.:...!. '::,0 J:..ct ( CEQA) requires the preparation or an Environmental 

-
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Impact Report (EIR) including relevant air quality information. - EIR requirements are separate from BAAQMD permit requirements. 

For further information, contact the city or co~ty in which the 

proposed facility will be located. 

Two types of permits are issued, the Authority to Construct 

(A/C) and the Permit to Operate (P/0). The A/C is an approval 

by the BAAQMD for construction of equipment described in the A/C. 

The P/0 is issued after construction is complete and operation 

of the equipment has begun; it certifies that construction was in 

accordance with the A/C and that there are no apparent emission 

problems. 

Only one application is required tor both the A/C and P/0. 

It will be called the "permit application" and the instructions 

for information required in the following sections refer to 

this permit application. 

Applications should be mailed to the District (Attention: 

Permit Services), preferably in duplicate. Within 20 days afte~ 

the receipt of the application, the District will notify the 

applicant in writing whether the application is complete er in

complete. It it is incomplete, the information or data needed to 

make it complete will be listed in the letter. If no such noti

fication is made by the District in 30 calendar days, the appli

cation will be deemed to be complete. 

When complete, the application will be evaluated to deter?:line 

whether it meets emission criteria. Further clarification or 

amplification may be requested during the evaluation. Emission 

limits 8.!'e given in a number of documents which you may obtain 

on request. Call Public Information on (415) 771-6000, ext. 210. 
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--For most applications, the District will complete its 

evaluation within 60 days of the receipt or the completed appli

cation and will notify the applicant of its decision on th~ 

a;,?licat1on. The decision can be any one of the tollowj_ng: 

l. Issue an Authority to Construct 

2. Issue an Authority to Construct with Conditions 

3. Find part or all of the application Exempt trom 
permit requirements 

4. Deny the application 

The A~thority to Construct is perI:11.ssion for erection 0£ 

t:;~ cq~!pment specified in the application. In the case or denials, 

:-:.: applicant is encouraged to discuss the application with the 

:e~~~t Services staff; perhaps there is an alternate approach or 

=--j~·,· and !Eproved ~ba.tement equipment whose use could enable the 

::-:- :~ e ct tc be approved. The applicant is encouraged to reapply. -
I~ case an applicant is dissatified with the-District's 

~~:isions, he may alJPe~i t6 the Hearing Board. See 3.8, Appeals. 

With applications for large projects requirj_ng offsets or 

:. r:,,e.-:- s;,ecial!.zed treat1nent er approvals, the 60-day action time 

::o:-,..._:,-; be guara."'lteed. In these cases, 30 additional days will be 

,-_ · ·.-:··,..-:==:: ~c:- public comment· a."'ld for review by EPA and the California 

.:.: :- ?es:iu::rces 3oard. Either of these agencies may ask for 

- ;. :c.·:sions. 

On~e the e~uipment 1s constructed and ready to operate, 

the applicant should notify the District in writing of the 

date of the expected "startup". The District will inspect the 

eq~iprnent to determine that it was built 1n accordance with the 

.c...,· :_ ::..:-::: :.c see i~ the:-e are any obvious emission problems. 



·-

As a time delay usually occurs between the time ot_receipt 

or the applicant' a letter giving dat.e or startup and the time 

·when a District engineer can schedule an inspection, the holder 

or the A/.C may operate without the P/0 so long as he has sent 

the "startup~ letter. 

In some cases, a source test will be required b~fore the 

P/0 can be issued. If a source test is required, the District 

will advise the applicant to this effect 1n the A/C. 

The District will issue the Permit to Operate within a 

few days after the engineering inspection. It is valid tor one 

year and is renewable on the anniversary date or first issuance. 

(Large plants will be assigned a single ~versary date for the 

renewal or all P/O's.) Note that when alterations are planned 

which may affect the emissions trom a piece or existing equipment, 

a new Authority to Construct shoul~ be applied for. This applica

tion should include the number or the ecisting Permit to Operate 

which it 1s to modify. Any installation or an abatement device 

on existing equipment, even though it results in a reduction in 

emissions, requires! ~e\tl permit~ 

Again, if you have questions as to whether you require a 

permit or what the status or your application is, eall Permit 

Services .. _ 

3.3 Fees 

Fee·schedules are given-in-Regulation 3. No permit 

· application will--be evaluated ·-until the prescribed -fees ~nave 
. ;. . 

l5een paid. 

5 



Note that a fee is paid for each source and one applicat!on 
~-

may have several sources. A source is the operation or equipment 

which creates or separates the air pollutant. Abatement devices 

(t:iat is, air pollution _control devices) are not "sources" and 

do not require payment of fees. 

3.~ Information required fer a Permit Application 

In order to carry out its statutory responsibilities, the 

District must obtain sufficient information from each applicant 

to enable it to determine what the emissions would be and whether 

the emissions will comply with District regulations, The nature 

-.;:"' the information required varies considerably between various 

~ypes of equipment and processes and between small projects and 

:arge projects. The data obtained is used both as the basis for 

isruing~a per~~t and for obtaining an inventory of source emissions . 
. 

For each application, submit a Form P-101 and a quadrant 

~a;, with an "X" at the site of emissions. The District will 

supply th!s map. If your plant covers a visible area on the 

~2~, outline the plant boundaries. 

The follo~~ng paragraphs describe the additional information 

:-e:::-..::!.rec. for each type of equipment and the application forms 

:o be filled out and submitted for each. 

3.~.l For gasoline tanks under 15,000 gallons, fill out 

?orn F-lClG only. Submit with this form a plot plan showing 

tan}: locations and a sketch or listing showing the vapor 

recovery equipment to be installed. (For industrial sources 

which also have gasoline tanks, fill out a Form T for each tank.) 

-
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3.4.2 For other tanks and for gasoline tanks over 15 
1 
000 

gallons, fill out one Form T for each tank. Submit a plot plan 

showing the location or tanks and fill and delivery stations. 

·(Note that any fuel with an initial boiling point greater than 

3000F., such a diesel tuel or #2 to #6 t'uel 011 1 is exempt from 

District Permit requirements; however, a Form T should be submitted 

for information purposes.) It there is an abatement device such 

as a vapor recovery system connected to the tank 1 a Form A is 

required. 

3.4.3 For surface coating, printing operations, and other 

processes involving solvents, till out one Form S for each 

surface coating or solvent source operation. Also submit a 

plot plan showing its location and its relation to other exist

ing operations. If there is an oven or a combustion process 

connected with the surface coating operation, a Form C is 

required for each such item. Ir there are abatement devices 

planned, submit a Form A for each. 

3.4.4 For pr~cess ~perat~ons·(such as chemical plants, 

refineries, can lines, microfilm manufacture, acid plants, metal 

operations, etc.) several different forms will be necessary to 

fully describe the operation and enable a good prediction of 

emissions and compliance to be made. The primary document is a 

tlow chart ror the operation, showing mater~als being handled, 

tlow rates and temperatures. Indicate the relationship between 

major components and all abatement devices and emission points. 

(Write a description or the process on a separate sheet.) Submit 

a Porm T for each tank, a Porm C tor each combustion source, a 
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Fo::-m S for each surface coating or solvent source, and a Form G 

for any other source which may generate air contaminants. 

Provide a description or each aba~ement device on Form A and 

or each emission point on Form P. If the proposed operation will 

have more than four sources, s,mm,ar1ze the expected emissions on 

Fo=-m P-202. Fugitive emissions should be discussed tor new and 

modified sources. 

3.~.5 For combustion processes (including incinerators, 

boilers, kilns, turbines, and fuel-burning abatement devices) fill" 

o-...:t a Form C for each combustion device. List on the Form C the 

~~ticipated yearly consumption or each type or ruel and give the 

s~l:ur content of all non-gaseous fuels. Give also the maximum 

cs~. and fuel nitrogen content, it known. Where the burner itself 

~~ designed to minimize the emission or pollutants (as for example 

:.. ::.,:,._...--Nox burner or water injection), give details and a drawing 

:,;:~ the pollution-reducing features. Also submit a Form P giving·· 

3.4.6 General Operations-· There are many operations 

::-~::c'.'.1 do not fit into any or the above categories·. 'l'hese include 

:.t:....t U"e r.ot l1mted to) teed and grain handling, cement operations, 

·_, -~~c.ge treatment plants, landfill operations, animal rendering, 

~-'.'.,::,h~:.t c,era~1ons, rock and quarry operations, and metallurgical 

;-:--:ir.,f-sscs. Please submit a flow diagram giving the now or 

material and the relation between existing and new sources. In 

addition to the P-101, submit one Form a tor each source1 In 

some cases, these operations will include some sources which 

b~n fuel (for example, a kiln); if so, submit a Form C 1.n 
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addition to the Form G. Form A (abatement devices) and Form p 

(stack) should be submitted where applicable. Fugitive emissions 

should be discussed tor new sources. 
' 

Note: I!' your tacility has emissions or any air contami

nant o!' over 15 lb/hr or 150 lb/day, you will be required to 

use BACT tor any new const~uction or modifications to existing 

equipment. (See BACT definition attached.) Call Permit . · _ 

Services at (415) •771-60~0, -it you w1sn~n interpretation - -

of what BACT:"ls- .tor 1cur 4ppl"Rat1on~ ;- • · · 

3.5 Trade Secrets 

If you feel that trade secrets are included in the 

application, you should submit the following information: 

3.5.1 A claim that the material is trade secret as 

defined 1n Section 6254.7 of the Government Code. 

3.5.2 A separate claim identifying_ each specific type 

o!' part of the information which is ·claimed as trade secret. 

3.5.3 A tactual statement indicat~g the basis ~or 

considering the information to be trade secret. 

All information claimed as trade secret will be subjected to 

special handling by the District. We will discuss these procedures 

with you on req~est. 

3.6 Criteria to Determine Completeness 

A complete application provides autticient information tor 

the District to estimate what the emissions from the new or 

modified source will be. The following check list is tor your 

assistance. Not all o!' the items given below refer to every 
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application. If you have fully answered all of the questions 

referring to your proposed installation, your application will 

be complete. ·-
3.6.1 Is th~ application s~gned? 

3.6.2 Have you included a check for the ree? As the eva

luation does not start until the ~ee is received, you can save 

time by including a check with the applicatio~ • 
. 

3.6.3 Is the quadrant map included, with the facility 

location identified? 

3.6.~ If you claim any trade secrets, have you justified 

su:h a claim !n writing and identified the pages with such material? 

3.6.5 Note: SIC number on any of the emission forms need 

not be filled 1n if you do not have a SIC Y.a.nual available. 

3.6.6 Have you made a clear statement as to whether the -
r;~~pnent in the application represents a new source, a modificatior 

~--:- an existing source, or a replacement to:: an existj_ng source? 

3.6.7 Do you have any offsets tor which you are claiming 

.,.,f:<at ':' If so, documentation on the offsets should accompany 

·.:'..·~ aprlication. This documen~tion should. be quantitative; _ 

""·~ :--~19 justifications will not be considered. 

3.6.S A:::-e there any special factors in this application or 

· .:-;:. ~h we s~oula be aware? For example, it you intend to limit 

~~o~u~tion r~te or operating hours, you should so state. 

3.6.9 Have you included a plot plan or the rac111ty 

·which shows the relation or the ao~ce to other existing sources, 

end shows all emission points? (If you have already submitted 

,•. ::::: ~:!.a."1, show changes only.) 
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3.6.10 Have you included a flow diagrcm showing the flow"'-'" 

of process material, with flow rates and temperatures at key points? 

_3.6.ll Por any abatement equipment to be used, have you 

given the manufacturer, model number and drawing, it available? 

3.6.12 Have you given the planned operating schedule , 

(hours/day, days/week and weeks/year)? 

3.6.13 Have you given th~ process throughput? 

3.6.14 Have you identified emission points and given stack 

diameter and height tor each? Have you given composition, flow 

rate and temperature for emitted gases? 

3.6.15 Have you submitted the data Forms (C,G,S,T,A and P, 

as required) and provided a11·or the data reque3ted? 

3.6.16 Gasoline Tanks Under 15,000 Gallons 

3.6.16.1 Have you given the throughput in gallons per month? 

3.6.16.2 Have yQu_included a sketch or dr·aw~g of the 

vapor recovery equipment? 

3.6.16.3 If you claim exemption from vapor recovery, have 

you stated the basis of such an exemption? (Call the District 

Permit Services Division at at 771-6000 if you are uncertain as 

to whether you are exempt.) 

3.6.17 Other Tanks (All non-gasoline tanks and all tanks 

over 15,000 gallons) 

3.6.17.1 Have you given the annual throughput? 

3.6.17.2 Have you given the maximum fill rate (except 

for external floating root tanks)? 

3.6.17.3 Have you given the maximum withdrawal rate 

(for external floating roof tanks)? 

11 



3.6.17.~ Have you given the descriptive name or each 

mate~ial stored and 1ts'ap~ma~e·vapor pressure under·· 

actual storage conditions? (Code numbers given on the back of 

Form Twill be acceptable in place or descriptive names.) 

3.6.17.5 Have you indicated what the loading and unloading 

tech.~iques are? Have you indicated whether submerged fill is used?· 
. 

3. 6 .17. 6 In th_e case of a floating roof I have you provided 

the design or pr1mar;v and secondary ceals? 

3.6.1717 If a vapor recovery system or any kind 1s used, 

h~ve you described the system and provided a drawing? 

3.6.17.8 Have you indicated the maximum storage tempe~ature 

for the liquid being stored? 

3.6.18 Surface Coating, Printing Operations and Other -
?~ocesses Invmlving Solvents 

3.6.16.1 Have you described the coating opeaat1on? 

3.6.18.2 Have you described the coating material {by name) 

a.r;( given the 
g 
~olvent type and the percent or organic solvent in 

t:::e material? (Code numbers given on the back or Form s will be 

~~ceptable in place ot descriptive names.) 

3.6.18.3 Have you given the use rate (that is, gallons 
-,-.. .•... ...- d~.y)? 

3.6.19 Process Operations (Chemical plants, refineries, 

~~, lines, microfilm manura~ture, acid plants, metal operations, 

etc.) 

3.6.19.1 Have you provided a process flow chart? 

3.6.19.2 Do you have descriptions or all new or modified 
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equipment which may result in the separation or air contaminants 

rrom the process materials or in the conversion or the process 

Wlterials into air contaminants (as in the case of the combustion 
.. or ~el)? 

3.6.19.3· Have you shown flow rates, temperatures and other 

relevant parameters on the process tlow chart? 

3.6.19.4 Have you indicated emission points and marked each 

one clearly? Have you given stack heights, and diameters? Have 

you:,described any abatement equi:pment used,· including·man't2'&::cturer 

and design d:-awings, ..if at~'ble? 

3.6.19.5 Have you provided a plot plan~ which shows ·trans

ter or raw materials and products, the relationship between the 

process line and buildings, and the location or emission points~ 

3.6.19.6 Have you given the maximum design rate (flow ra€e, 
... ---- --·• 

throughput) ror the process line? Have you_given an operating 

schedule {hrs/day, days/week, weeks/Ir)? Have you given_ the 

actual planned process rate or throughput for the tirst two years 

or operation ( 1r it differs trom design rate)? 

3.6.19.7 Have you discussed the receipt or raw materials, 

including the~~ trom carriers within the Di=str1ct. 

3.6.19.8 Have you discussed fugitive emissions? 

3.6.19.9 It tanks, combustion or 3olvent operations are 

part or the process, have you anewered the question in_,__ -

3.6.l77"-3.6.I8, and 3.6.20? 

3.6.20 Combustion Processes (Incinerators, boilers, kilns, 

gas turbines, and fuel-burning abatement devices, etc.) 

3.6.20.1 Have you described the ~e~ to be used, including 

sul.fur content and ash and tuel nitrogen content, it known? 
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3.6.20.2 Have you desc~ibed the· burners,_giv1ng manufacturer,, 

na:ne a.~d model, where available? Have you given the firing type 

and mode or control? 

3.6.20.3 If the unit is used to incinerate waste_gas er 

liquid stream, have you described the waste fluid and its method 

of 1nJect1on into the burner? 

3.6.20.~ If the unit is used to incinerate solid waste, 

have you characterized the solid waste composition? 

3.6.21 General Operations 

3.6.21.1 Have·you described the-equipment, g1v1~g manufac

turer and model number, where available? · 

3.6.2~.2 Have you given the maximum des~gn rate? 

3.6.21.3 Have 10u:g1ven an operating schedule (hrs/day, 

ds.ys/week, waeks/~)? Have you given the actual p·lanned process 

~a~e or throughput for the first·two years or operation (if it . 
d!f!ers f.rom the design rate)? 

3:6.21.~ Have you shown combustion sources and storage 

:. 2.:::-:& (if any)? 

3.6.21.5 Have you listed and described all abatement 

ccrl~~p=e~t, giving manufacturer and model number, if available? 

3.6.21.6 Have you provided a plot plan showi;lg the locations 

~~ equipment, transfer or raw materials and products, and all 
' .~c!ssion points? 

3.6.22 Abatement Equipment 

3.6.22.1 Have you shown on ·all sketches, flew diagrams, 

etc., the abatement equipment to be used, the equipment which 

___ reed~__ it, and __~h:._!~;ss;on point or po1ntlS___'!h1ch it reeds? 
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3.6.22.2 Have you de3cribed all abatement equipment to be 

used, giving drawing, manufacturer, size, model number, and 

efficiency, if available? (Manufacturer's literature may be 

satisfactory in many cases. If you submit this, have you clearly 

indicated the specific model and size to be used)? 

3.6.23 Emission Points' 

3.6.23.1 Have you described each emission point on a Form P? 

3.6.23.2 Have you shown all emission points on sketches 

and flow diagrams? 

3.7 · New Source Review 

When a source is subject to New Source Review, certain 

additional information may be required. This additional informa

tion is given below. (For the purposes of this Section, 

consider that any source which has new or added emissions of over 

250 lb/day of particulates, sulrur dioxide and organics, er over 

550 lb/day of NOx is subject to New Source Review.) 

3.7.l Identify all facilities within the District (excluding 

service stations) which you own or operate and give the compliance 

status of each. 

3.7.2 If you are applying for offsets from other 

existing sources: 

3.1.2.1 Provide sufficient information to determine 

whether adequate emission reductions will be achieved to offset 

the air quality impact or yo~ proposed source. This should 

include the name and location of the offset sources, a description 

of the er:ussion reductions expected from the offset and a description 
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of how the offsets will be obtained. Source test data on the 

SOU!'Ces to be reduced are desirable. 

3.7.2.2 If any contractual agreements are required to 

C2.:":"Y out the offset, give evidence that the· ar!'angements have 

been agreed to by all parties concerned. 

3.7/2.3 If the offset involves the shutdown of a facility 

or a piec·e of equipment, indicate what assurance there is that 

the facility or equipment will no~ be subsequently reused. 

3.7.2.4 Give the following data on the emission of cargo 

carriers: frequency of visits, types and sizes of cargo carriers 

{other than motor vehicles)_ and nature or ca,;-go. -3.7.2.5 Give special attention to air pollution CQntrol 

e~uipment, listing:· 

3.7.2.5.1 Air pollution control equipment to be used, 

including type,·size, manufacturer, model number and expected 

cor.trol efficiency. 

3.7.2.5.2 Changes 1n processes or operations utilized 

~o reduce emissions. 

3.7.2.5.3 Other means of reduci~g emissions. 

3.7.2.6 Discuss fugitive em1ssons and your·pian r~r 

controlling them. 

3.7.2.7 If you claim an exem,ption from New source ~eTI-e~,. . . •. ; •. 

state the reason for your claim and document it as completely 

as possible. --
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3.8 Appeals 

If you are dissatisfied with the District's decision on 

your permit application, you may appeal to the Hearing Board within 

ten (10) days from the day you are notified of the District's 

decision. In your appeal, you can ask for an order modifying or 

reversing the District's decision. The Hearing Board is located 

at 939 Ellis Street, San Francisco 94109; its telephone number 

is (415) 771-6000. 

3.9 Definitions 

3.9.l Development Project (For the purposes of air 

pollution control): Any project which results in the discharge of 

-any airpollutant into the atmosphere. (From Chapter 4.5, Section 

65940 of the Goverment Code). 

3.9.2 Trade Secrets: Any formula, plan, pattern, process, 

tool, mechanism, compound procedure, production data, or compi

lation of information which is not patented, and which gives 

its user an opportunity to obtain a business advantage over 

competitors who do not know it. 

3.9.3 New Source Review: A procedure for evaluating all 

proposed new or modified stationary sources which will emit more 

than 250 lb/day of any particulates, organics or SO2, or over 

550 lb/day of NOx. 

3.9.4 Source: The equipment used to perform the ope~ations 

preceding the emission of an air contaminant, which operations 

result in the creation or separation of.the air contaminants, or 

determine or substantially affect the quantity of air contaminant 

emitted, but not including air pollution control operations. 
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... . .... 

3.9.5 Best _Available Control Technology (BACT): BACT is 

that control equipment technology which &ives the maximum 

reduction in emissions or any air cont~nant. 

3.9.6 Stationary Source: Any building; structure, facility 

or installation from which air contaminants are emitted. Note 

that cargo ca!'riers, other than motor vehicles, are considered 

part or the stationary source !'or purposes or emission calculations; 

thus, emissions from the carrier's e~ines, from purging or 

venting vapors, and !'rot:1 loadi~g or unloading cargo are considered 

in computing total emission from a stationary source. 

-· •. .;,. ~ •,-4 .. -=.-:-._--:- -~ - ; ••.. 

-
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PERMIT SERVICES OIVISI~ 
BAY AMA AIR ~ITY ~ DISTRICT 

9~9 ELLIS STREET,~ f,W..,CISCO, CA 94109 
(415) 771-6000 · 8AAQ't) Pl>M' N). 

(IF~) ·--
'APPLICATIO,.., FOR AlJTH)RITY TO CCNSTRUCT »CJ PERMIT TO OPERATE 

t~TRIAL SOURCES 

BUSINESS NA.'£_____________________________ 

*ILJN:i ADDRESS ___________________________ 

PL>HI AOCRESS._____________________________ 

N4/tE·a: Ca-lTACT
___________________,: 

EQUIPt£NT DESCRIPTION___________________________ 

N.1-\BfR OF So..RCES D flEW W-lSTRUCTION D H)()IFICATION D REPCAC&ENT D 
RELOCATI~ D DEMJt.;ITia--J OR SH.Jr DOW--l D ABATEMENT EQJIPH:NT 0>4.Y D 

HAS AN Er-NIRO"ffNTAL IMPACT REPORT BEEN PREPARED FOR TH!S PROJECT: YES 
IF YES, BY w-01_______________________________ 

SOURCES EMISSICNS IN LB/HR USAGE 
OESCRIPTICN Kl. TSP ORGANIC SOX NOx co HRS/DAY DAYS/WK ~/TK 

•·. 

~-
TOTAL 

AR£ OFFSETS OR TRADEOFFS INVOLVED IN THIS APPLICATION?_ IF SO, GIVE OOCLMENTS In> PAGE N.MBER! 
CN w.iICH THIS INF~TI()ll JS PROVIDED._____________________ 

DO YOU CLAIM AN EXEMPTIO,.., FROM NEW SOLRCE REVIEW FCR So-E OR ALL OF YOUR SOI.RCES? 
IF SO,. GIVE OCX:Ll'£NTS AHJ PAGE t-a.H3ERS CN WHICH THIS CLAIM IS BASED. ---

HAVE YOU PROVIDED AN AIR QUALITY ANALYSIS?_ IF SO, GIVE OOC:l.MENTS In> PAGE N.M8ERS CN 
WHict( THIS INFORMATICN IS PROVIOED._______________________ 

THE ,OLLOw'ING SHOULD ACCCH'ANY THIS APPLICATJCN: TOPOGRAPHICAL~ SH:MING LOCATICN OF 
FACILITY, PROCESS FUM DIAGRAM (IF APPLICABLE), ANO OESCRIPTICN OR ~ACTIJU:R'S CATA-
LOGUE OF EQUIP1'£NT ~ AIR POLLUTICN CONTROL EQUIPtelT. SEE LISTS AND CRITERIA (AB 88'+) 
FOR f.~TI-ER DETAILS. . 
SI~TLRE PK) TITLE.___________________________ 
NAt-E (PRINTEO)._________________~._____.--;MTE______ 

IMPORTANT: All Information that ,ou 
nlmdt f.i1lll be coruidn'ld as 'l)ubllc 
1,.tormati01J tmlul )'OU lndicau elaat 
It Is ca,uuund TRADE SECRET nd 
l)w tM namu.FORM P-lOlA; REV. 10/79 o~ 



-----------------------------

---------------------------

PERMIT SERVICES DIVISION 
BAY AREA AIR QUALITY MANAGEMENT DISTRICT 

939 ELLIS STREET, SAN FRANCISCO, CA 94109 

APPLICATION FOR AUTHORITY TO CONSTRUCT AND PERMIT TO OPERATE 

GASOLINE STORAGE AND DISPENSING FACILITIES 
...__ 

BUS I NESS NAME_____________...;_________________ 

MAILING ADDRESS 

EQUIPMENT ADDRESS____________________________ 

CONTACT NAME & TITLE_________________PHONE_______ 

NATURE OF BUSINESS 

NUMBER OF TANKS c::J NEW CONSTRUCTION CJ MODIFICATION D 

DUPLICATED TRANSFER OF OWNERSHIP r::::J EST. DATE OF INSTALLATION ---

TYPE OF TANK SIZE THROUGHPUT, NO. OF SUBMERGED VAPOR 
GASOLINE GALLONS GAL/MO. NOZZLES FILL DROP RECOVERY 

TUBE EQUIPMENT 
(YES OR NO) (YES OR NO) 

.... .,. 

DESCRIPTION OF VAPOR RECOVERY EQUIPMENT: _________________ 

DO YOU CLAIM AN EXEMPTION FROM VAPOR RECOVERY?---
IF SO, CHECK THE APPROPRIATE BOX: 
TANKS 2000 GALS. OR LESS AND THROUGHPUT LESS THAN 6000 GALS. PER MONTH D 

AG~ICULTU~AL USE nNLY D 
DELIVERY OF GASOLINE FROM EXEMPT BULK DISTRIBUTOR D 

GIVE NAME OF DISTRIBUTOR: ________________________ 

SIGNATURE AND TITLE: __________________________ 
NAME (PRINTED)__________________PHONE_________ 

DATE__________ 

~RM P-101G; REV. 6/80 D ACKNOWLEDGEMENT 



INSTRUCTIONS 

1. Please insure that all applications are complete. 

2. Please include the following items with each application: 

a. Topographical or similar map of the area showing location 
of the facility. 

b. Plot plan of facility drawn to scale, showing location of 
all gas tanks, pumps, or nozzles and the nearest street 
intersection. 

c. Cross-section drawing, catalogue number, or make model of 
certified vapor recovery equipment. 

d. Enclosed postcard, writing your name and mailing address 
on the front and equipment location on the back. It will 
be mailed to you in acknowledgement when an application
number has been assigned. 

3. Before processing can commence, it is necessary that permit
fees be included with the application. 

FEES 

Standard $100 + $30 per nozzle 

Duplicate $20 

Transfer of Ownership $100 

Modification (Addition of an extra tank with no increase 
in the number of nozzles) - $100 

4. In completing this application, please include all gasoline
tanks and nozzles on your site, describing the vapor recovery 
equipment, if applicable. 

S. In a separate cover letter, please describe any details 
necessary to explain your intentions for this application
submittal. Include previous permit numbers if applicable. 

\ 
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PERMIT SERVICES SECTION 

BAY ARF.A AIR ~In'~ DISI'RICT l lMISSIONS ™1ARY I 
939 Ellis StTeet, San Francisco, CA ~4109 . P-202 . 

(415) 771-6000 

CXMPANY NAME· PLANI' NJ. 

PROJECT TITI..E 

IOUJlCE EKJSSJON IN I.a/NII (ACTUAL) VSACZ . 
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source (or facility) emitting over 15 lb/hr. 
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1. INTRODUCTION 

This volume of the Manual of Procedure specifies the 

analytical methods used tor the determination or compliance 

to the Regulations of the Bay Area Air Quality Management 

District. As new methods are developed and found acceptable, 

they may replace or be.added to the existing methods 

1n this manual. 

2. GENERAL PROVISIONS 

2.1 Laboratory Quality Assurance Program - The goal 

or these procedures is to provide accurate and precise 

analyses, and it 1s essential that a laboratory assurance 

program be established and maintained. 

2.2 Objectives of the laboratory quality assurance 

program are: 

2.2.1 To provide ongoing information for 

moni~oring unsatisfactory performance of personnel, 

equipment or procedures. 

2.2.2 To provide prompt detection and correction 

or conditions.which contribute to the generation of 

inadequate data. 

2.2.3 To collect and supply information necessary 

to describe the quality or the data. 

2.3 Implementation or the following elements will 

produce data of acceptable precision and accuracy. 

2.3.1 Routine monitoring of the known variables 

which may affect the quality of data. 
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2.3.2 Routine training and evaluation of- analysts. 

2.3.2 Corrective action. 

2.4 Representative Sampling 

2.4.l Analytical results,regardless or the accuracy 

and precision or the procedure, can be no better than 

the representativenes~ or a submitted sample. 

2.5 Samp~e Submission and Continuity 

2.5.l All samples will be-identified and the identi

fication carried forth with the analytical results. 

2.6 Reagents 

2.6.l Reagent grade or better chemicals shall be used. 

Lesser grades may be used provided it is first ascertained 

that their use will not degrade the accuracy or the 

determination. 

2.6.2 Unless otherwise specified, inorganic reagents 

used in the preparation or standards shall be dried at 

105°c for two hours and kept dessicated until used. 

2.7 Distilled water or its equivalent shall be used for 

reagent preparations. 

2.8 Gas Chromatography 

2.8.1 Gas chromatographic units used shall have the 

required systems and sensitiv1ties as specified in the 

procedure. 

2.8.1.l Each chromatograph will be equipped with a 

recorder which provides permanent charts for record purposes. 

2.8.1.2 All carrier gases, fuel gases and air supplies 

will be free of interfering substances. 
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2.8.1.3 Analytical columns are specified in this 

manual for each procedure. The separation characteristics 

or an alternate column must be comparable to those specified. 

2.9 Atomic Absorption 

2. 9. l · Atomic absorption spectrop.hotometers utilized 

should have the following minimum specifications: 

a. Analytical wavelenth coverage or 1937A to 7800A 

b. Less than 0.3J light scatter at 3000A 

c. Less than ll noise at full gain 

· d. Slit system to provide 5A resolution 

2.9.2 Acetylene, nitrous oxide, and air supplies 

used will be those commonly used tor best analytical 

results. 

2.10 Spectrophotometers 

2.10.l Spectrophotometers employed for colorimetric 
' ' 

and turbidimetric procedures should be capable of operation 

in the 340 to 700 nm range. 

2. 10. 2 Spectrophotometers should have a grating or 

prism system capable of %25 nm reproductivity of wave

length settings. 

2.10.3 Spectrophotometers should be checked for 

wavelength accuracy once per year using a didymium filter 

or comparable system. 

2.11 Volumetric Glassware 

2.11.l. Class A glassware shall be used for all 

volumetric flasks, pipettes and burets employed in the 

procedures. Class A specifications are identical to those 
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found in the National Bureau of Standards publication 

"Circular 602". 

3. APPLICABILITY 

3.1 Each analytical procedure is applicable to a 

specific regulation, division and section. The designated 

numbering system applying to the regulation appears on 

the upper left corner of each procedure. 

4. METHODOLOGY 

4.1 Alternate analytical procedures may be used 

provided that such procedures have established equivalency 

to an accepted reference method. Any questions relating 

to equivalency may be referred to the Chief or Laboratory -· 
Services. 

4.1.1 Appropriate ASTM and EPA approved 

methodologies will be deemed equivalent procedures. 

5. LABORATORY PROCEDURES 

La.b 1 Determination or Ammonia in Effluents 

Lab 2 Determination of Beryllium in Effluents & 
Atmospheric Particulate Matt~r 

Lab 3 DeteI'Ilination of Dimethylsulfide 1n Effluents 

Lab 4p. Determination of Lead Content in Atmospheric
Particulate Matter 

Lab 4B Determination of Total Lead in Effluents 

Lab 5 Determination of Total Mercaptans in Effluents 

Lab 6 Determination of Particulate and Gaseous 
Mercury Emissions 

Lab 7A Determination of Oxides of Nitrogen 1n Effluents 
(Alkaline Permanganate Procedure) 

Lab 7B Determination of Oxides of Nitrogen in Effluents 
(Grab Sample Procedure) 
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Lab 8 Determination of Phenols in Effluents 

Lab 9 Determination of Compliance of Solvents, Coatings,
and Related Products 

Lab 10 Determination of Sulfur in Fuel 011 

Lab ll Determination or Sulfur Dioxide in Effluents 

Lab 12 Determination ot Sulfur Dioxide, Sulfur Trioxide, 
and Sultur Acid Mist 1n Ettluents 

Lab 13 Determination or the Reid Vapor Pressure of 
Petroleum Products 

Lab 14 Determination ot Trimethylamuie 1n Effluents 

Lab 15 Standardization or Carbon Dioxide Calibration Gas 

Lab 16 Standardization or Carbon Monoxide Calibration Gas 

Lab 17 Standardization of Hydrocarbon Calibration Gases 

Lab 18 Standardization of Hydrogen Sulfide Calibration Gas 

Lab 19 Standardization of Nitric Oxide Calibration Gas 

Lab 20 Standardization of Sulfur Dioxide Calibration Gas 

Lab 21 Determination or Compliance for Air-Dried 
Architectural Water Based Coatings 

Lab 22 Determination of Compliance for Air-Dried 
Architectural 011 Based Coatings 

Lab 23 Determination of Volatile Weight Lo!s of 
Polyester Resins 

Lab 24 Determination of Fluoride in Effluents 

Lab 25 Determination of Hydrogen Sulfide in Effluents 
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LAB 1 
REF: Reg. 7-303 

DETERMINATION OF AMMONIA IN EFFLUENTS 

1. PRINCIPLE 

1.1 The ammonia is absorbed in dilute acid solution. The 

absorbed ammonia is then reacted with Nessler's reagent to produce 
' 

a yellow-brown color which 1s proportional to the ammonia content. 

2. APPARATUS 

2.1 Spectrophotometer 

2.2 25 ml graduated test tubes 

3. REAGENTS 
. 

3.1 Hydrochloric acid - (0.l N). Dilute 8.4 ml of concen-

trated hydrochloric acid to l liter with distilled water. 

3.2 Nessler's Reagent - may be purchased already pr.epared, 

or if desired prepare according to Snell and Snell "Colorimetric 

Methods of Analysis", page 814, Vol II, 3rd Ed. 6th Printing, 

D. Van Nostrand Co., 1957. 

4. ANALYTICAL PROCEDURE 

4.1 To 5.0 ml ·or sample or an aliquot brought to 5.0 ·m1 

with 0.1 N hydrochloric acid and containing no more than 80 ~gm 

of ammonia, add 14.0 ml or distilled water. 

4.2 Add l.0 ml or Nessler's reagent and mix well. 

4.3 Let stand and read after 10 minutes in a spectrophotometer 

at 420 nm using 13 mm cuvettes, after setting instrument at 100% 

transmittance with a reagent blank. 

4.4 Determine the ~gm or ammonia from the standard curve. 
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5. STANDARD CURVE 

5.1 Standard Stock Ammonia Solution - Weigh 0.3144 g of 

&ilmlonium chloride and dilute to l liter with distilled water. 

This solution contains 100 µgm of ammonia per ml, 

5.2 Working Standard Ammonia Solution - Dilute the standard 

stock solution 1:5 to obtain a working solution of 20 µgm NH3/ml. 

5.3 To a series or graduated 25 ml test tubes, add 

respectively O, l.O, 2.0, 4.0, and 5.0 ml of the working standard. 

5.4. To each test tube add 5.0 ml of O.l N hydrochloric acid 

solution, and bring the volume of all solutions to 19.0 ml with 

distilled water. 

5.5 Add 1.0 ml of Nessler's reagent, mix and read in spec

trophotometer as described under procedure. Prepare a graph of 

%transmittance vs. concentration on a semi-log graph paper. 

6. CALCULATION 
Total micrograms ammonia in samplePPM NH3 • 

0.695 x sample volume (liters) 

Where: 0.695 • tho µgm in 1 µ1 of ammonia at 
25°c and 760 mm Hg 

7. REFERENCES 

7.1 Goldman, P.H. and Jacobs, M.B., Chemical Methods or 

Industrial Hygiene. Interscience Publishers Inc., 250 Fifth Ave., 

New York, N.Y. 1953 

7.2 Elkings, H.R., The Chemistry or Industrial Toxicology, 

2nd Ed., John Wiley and Son, New York, N.Y. 1959 
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LAB 2 

REF: Reg. 11-3-301 to 11-3-303 

DETERMINATION OF BERYLLIUM IN EFFLUENT AND ATMOSPHERIC 
PARTICULATE MATTER 

1. PRINCIPLE 

Samples are collected by passing a lmown volume of air 

through an appropriate filter. The filter is decomposed by wet 

acid oxidation. The aqueous beryllium solution is then analyzed 

by atomic absorpt~on spectrophotometry. 

2. APPARATUS 

2.1 Atomic absorption spectrophotometer 

2. l. l Acetylene 

2.1.2 Nitrous Oxide 

2.1.3 Beryllium hollow cathode lamp 

2.2 Hot plate 

3. REAGENTS 

3.1 Concentrated Nitric Acid 

3.2 Concentrated Sulfuric Acid 

3.3 Concentrated Perchloric Acid 

3-~ Hydrochloric Acid 25% (v/v). Dilute 250 ml or 

concentrated hydrochloric acid to l liter with distilled water. 

3.5 Sulfuric Acid (12 N). Slowly add 33.6 ml concentrated 

sulfll!'ic acid to 50 ml of dis~illed water, cool and dilute to 

100 ml. 

3.6 Beryllium Powder (98% minimum purity) 

~. ANALYTICAL PRO~EDURE . . 

~.1 Place the sample filter in a 150 ml beaker. Add 35 

ml concentrated nitric acid. Heat on a hot plate until light 
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brown fumes are evident, thus destroying all the organic 

matter. Cool to room tem~erature; add 5 ml of concentrated 

sulfuric acid and 5 ml or concentrated perchloric acid. 

4.2 Replace the beaker on the hot plate and evaporate to 

dryness in a perchloric acid hood. Cool and dissolve the residue 

by pipetting 10 ml of 25% v/v hydrochloric acid into the beaker. 

The sample is now ready tor analysis. 

4.3 Prepare and analyze a blank tilter in the same manner 

as the samples. 

4.4 Set the spectrophotometer parameters to obtain maximum 

sensitivity at a wave length of 234.8 nm by use or beryllium 

~:andards, and manipulation or the acetylene and nitrous oxide 

gas flows. Use 25% v/v hydrochloric acid to set the instrument 

at 0% absorption. 

4.4.l Aspirate each sample into the flame and record 

the percent absorption. Convert the readings to absorbance units. 

4.4.2 Samples that have percent absorption values greater 

that the range or the standa:-d calibration curve of the instrument 

must be diluted with 25% v/v hydrochlorio acid to be within 

the working range. 

4.4.3 Determine the beryllium concentration or the sample 

from the beryllium standard curve. 

4.4.4 Standards-should be aspirated after every !'ourth 

or fifth sample to insure instrument response has not_ changed. 

5. ~TAfiDJJ;p _AND fALIBRATION CURVE 

5.l Standard Stock Beryllium Solution. Dissolve 0.1000 g 

of beryllium powder in 80 ml of 12 N sulfuric acid and dilute to 

1 liter with 25% v/v hydrochloric acid. This solution contains 
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100 \Jgm Be/ml. 

5.2 Working Standard BerylliUl!l Solution. Dilute 5.0 ml 

or the standard stock beryllium solution to 100.0 ml with 25% 

v/v hydrochloric acid to give a concentration of 5 µgm Be/ml. 

At least 3 individual standards normally in the range of O - 5 

\Jgm Be/ml 8.!'e freshly prepa:-ed by appropriate dilution of the 

working standard solution. The working standard solution should 

be freshly prepared prior to use. 

5.3 Prepare a standard curve by plotting absorbance vs. 

concentration of berylliUlil on linear graph paper. 

6. CALCULATION 

6.1 A blank filter background beryllium value, if any, is 

subtracted from each sample. 

*llgn Be/m'. µgm Be from Std curve x 10 
Air Sample Volume (m') 

*If sample was diluted to be within the standard curve 
range (~.~-2), the calculation must be multiplied by
the appropriate dilution factor. 

6.2 Total µgm Be• µgm Be from Standard curve x 10 

7. ~ERENCE. 

7.l Zio CFR 61 Appendix B, Method 10~. "Reference Method 

for Determination of Beryllium Emissions from Stat!.onary Sources". 

-
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LAB 3 

REF: Reg. 7-303 

DETERMINATION OF DIMETHYLSULFIDE IN EFFLUENTS 

1. PRINCIPLE 

1.1 The sample effluent is collected in a 10 liter or 

larger capacity Tedlar bag. The sample is analyzed ror dimethyl

sulfide by purging a portion of the sample through a gas sampling 

valve. The sample is then inj.ected into a gas chromatograph 

containing a poly-m-phenyl ether-phosphoric acid column and 

flame photometric detector. 

2 • APPARATUS 

2.1 Gas Chromatograph. A unit with a flame photometric 

detector,must be capable of detecting 10 ppb of dimethylsulfide 

with a peak height of at least 3 times the noise background at 

the attenuation being used. The instrument must be equipped with 

a 10 ml gas sampling loop constructed of Teflon or another inert 

material, to insure no loss of dimethylsulfide during.sample 

transfer. 

2:1.1 The analytical column us~d is a 30' x 1/8" O.D. 

Teflon tube, packed with 12% poly-m-phenyl ether, 0.5% phosphoric 

acid on 25 to 40 mesh Fluoropak 80. The column material is 

prepared, packed and conditioned employing standard techniques. 

General column parameters are 40 ml/min nitrogen, 150 ml/min 

hydrogen, 70 ml/min air, 10 ml/min oxygen and maintained at a 

temperature or 6s 0 c. 
2.2 Pump, capable or l liter/minute 

2.3 Teflon lines 
..._. 
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3 . REAG_ENTS 

3.1 Dimethylsulfide (D~~) 

3.2 Charcoal Trap F.!:l.t..e~ 

1'. ANALYTICAL '"f'Xl:)CEDURE 

4. l Connect the 'l'edlar s.ample. vag- to the inlet or the gas 

sampling valve·or the c~omatograph. To the outlet side or the 

sampling valve, connect a small diaphragr.i pump containing a charcoal 

trap filter. Pass the sample through the sampling valve, at a 

~ate or about 100 ml/minute for 3 to 4 minutes. Turn err the 

p'J.Inp and immediately activate the sampling valve to transfer the 

sample to the analytical colum.~. Measure the peak height of the 

dimethylsulfide peak and determine the concentration or the sample 

by compa~ison with the staJTQard calibration curve. 

5. PREPARATION OF STANDARD CALIBRATION CURVE 

5.1 Standards are prepared 1n Tedlar bags by filling with 

a known volume or purified air. During the filling, introduce 

into the air stream by means or micro-syringe, a known volume of 

liquid dimethylsulfide. Calculate ppb by the following equation: 

µl dimethylsulfide x 10 1 x 848 µgm/~iPPB DMS-= 

vol. or purified air {liters) x 2.54 

Where: 2.54 • the µgm in l µ1 or dimethylsulfide 
at 25°c and 760 mm Hg 

5.2 Use three different concentrations or standard gas 

mixtures in the range or 50 to 5000 ppb or dimetbylsulfide not 

including the zero gas, to give responses or 10 to 95J full scale 

on the recorder. Plot the peak height against the corresponding 

concentration or D~.S on a log-log graph paper to obtain the . 
•,· 

I -standard calibration curve. 

12 



6. CALCULATION 

6.1 The concentration or the dimethylsulfide in the sample 

1s determined by referring its peak height to the calibration 

curve. 

7. REFEm-:NCES 

7.1 Kremer, L. and Spicer., L., "Gas Chromatographic 

Separation of Hydrogen Sulfide, Carbonyl.Sulfide and Higher 

Sulfur Components with a Single -Pass". Anal. Chem.,~. 1963., 

1973. 

7.2 Stevens, R.K. et al. ''Gas Chromatography of Reactive 

Sulfur Gases in Air at the Part-per-Billion Level". Anal. Chem . ., 

il, 827, 1971. 
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LAB 4A 

REF: Regs. 11-1-302 
ll-1-303 

DETERMINATION OF LEAD CONTENT IN ATMOSPHERIC PARTICULATE MATTER 

1. PRINCIPLE 

1.1 Samples are collected by passing a known volume of air 

through a glass fiber filter. The filter is extracted with hot 

nitric acid to solubilize the lead and analyzed by atomic 

absorption spectroscopy. 

2. APPARATUS 

2.1 Glassware - Borosilicate glassware should be used 

throughout the analysis. The ·glassware must be cleaned with 10~ 

HNO3 and rinsed with distilled water prior to use. 

2.2 Atomic absorption spectrophotometer 

2.2.1 Acetylene 

2.2.2 Air Supply 

2.2.3 Lead hollow cathode lamp 

2.3 Hot plate 

2.4 500 ml Phillips beakers 

3. REAGENTS 

3.1 Concentrated Nitric Acid (69 to 71%) 

3.2 Dilute Nitric Acid. Dilute 10 ml or concentrated 

nitr!c acid to 1 liter with distilled water. 

3.3 Lead Nitrate (Pb (NO3)2) 

~. ANALYTICAL PROCEDURE 

4.1 Cut out 1/4 section or the exposed area of ·the glass 

fiber filter. Cut into pieces of approximately one inch square 

and place 1n a 500 ml Phillips beaker. 

14 



4.1.1 Add 50 ml of concentrated nitric acid and cover the 

beaker with a ribbed watch glass. Place the beaker on a hot plate 

and heat gently to boiling. Reflux for one hour and cool. Add 

50 ml ~f distilled water to the beaker and mix. 

4.1.2 Filter the acid.extract through a Whatman No. l filter 

paper, collecting the filtrate 1n a 400 ml beaker. Transfer the 

glass filter pads to the filter. Wash the glass fiber filter 

pads and the tilter paper with hot distilled water until approxi

mately 250 ml of filtrate is collected. 

4.1.3 Evaporate the filtrate on a hot plate to approximate

ly 5 ml. Cool to room temperature and qualitatively transfer the 

filtrate to a 50 ml volumetric flask using distilled water. 

Bring to volume with distilled water. 

4.2 Analyze a blank glass fiber filter from each purchased 

batch of glass fiber filters in the same manner as the samples. 

4.3 Set spectrophotometer parameters to obtain maximum 

sensitivity at a wave length of 283.3 run by use of lead standarcs, 

and manipul_ation of the acetylene and air flows. 

4.4 Aspirate each sample and blank into the flame and 

record the percent absorption tor each. Convert the readings to 

absorbance units. 

4.4.l Samples that have percent absorption values higher 

than the range of the standard calibration curve of the instrument, 

must be diluted with dilute nitric acid to be within the working 

range. 

4.4.2 Determine the lead concentration of the sample from 

the lead standard curve. 
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4.4.3 Standards should be aspirated after every fourth 

or fifth sample to insure instrument response has not changed. 

5 . STANDARD CURVE 

5.1 Standard Stock Lead Solution. Weigh and transfer 

1.5984 g of lead nitrate to a 1 liter volumetric flask. Dissolve 

and bring to volume with dilute nitric acid. This solution 

contains 1000 µgm Pb/ml. 

5.2 Working Standard Lead Solution. At least three 

individual standards, normally in the range of Oto 20 µgm 

Pt/ml, are freshly prepared by appropriate dilution of the standard 

stock lead solution with dilute nitric acid. 

5.3 Prepare a standard curve on linear graph paper by 

plotting absorbance of the individual standards vs. concentration 

of lead. 

6. CALCULATION 

6. l A blank filter background lead value, if any, is 

subtracted from each sample. 

µgm Pb/ml from Std curve x 4 x 50 
*JJgm Pb/m 3 

• 

Volume of Air Sample (m 1 ) 

*If sample was diluted tc be within the standard curve range
(4.4.1), the calculation must be multiplied by the 
appropriate dilution factor. 

7. REFERENCE 

7.1 Air and Industrial Hygiene Laboratory, State Dept. 

of Health, Method No. 54. "Analysis of Lead Content of Atmosphe~ic 

Particulate Matter Collected on High Volume Glass Fiber Filters". -
16 
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LAB 4B 

REF: Regs. 10-1-301 
11-1-301 

DETERMINATION OF TOTAL LEAD IN EFFLUENTS 

1. PRINCIPLE 

Lead emissions are isokinetically sampled at the source 

using a glass·wool filter, followed by acidic iodine monochloride 

impingers. The particulate lead content or the filter is removed 

by acid digestion and analyzed by atomic absorption spectroscopy. 

The gaseous lead compounds collected by iodine monochloride are 

determined by atomic absorption spectroscopy after the absorbing 

solution has been reduced to iodide. 

2. APPARATUS 

2.1 Glassware - Borosilicate glassware should be used 

throughout the analysis. The glassware must be cleaned with 10% 

HNO3, and rinsed with distilled water prior to use. 

2.2 Atomic absorption spectrophotometer 

2.2.1 Acetylene 

2.2.2 Air supply 

2.2.3 Lead hollow cathode lamp 

2.3 Hot plate 

2.4 500 ml Phillips beakers 

3. REAGENTS 

3.1 Concentrated Nitric Acid (69 to 71%) 

3".2 Dilute Nitric Acid. Dilute 10 ml or concentrated 

nitric acid to 1 liter with distilled water. 

3.3 Lead Nitrate (Pb (NO3)2) 
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g of potassium iodide· 41("autt~:~,et$·,-~~s;~-~~5-~.t~~f"-~~:~~po···:.·_ -~~
. , ... -:- ·-· - , . ·.... ~ ~ ~ '-:_s _;,;•."-.·. ·:-:,->~ ..,;~1_. -~:- ~

ltl of solution. Add slowly, lpQ -~··11t; ~¢~cetitratea "j~S,.dr.oc.hl.-e,H.:c .
·. :. · . · · ~~-~ -~-'. ~~: ;---~-/ .3~·;;. :.~j_. =.{.~ -<-- ~:~:~:... -·~ -~ ·- _:..· ,~:;,- · ~~:~:;.~~~ ,:~~\:_.~~~~ --~~\~t~:;:~--~-~ ~--

acid and cool to ,room temper•tutte ~ .{,~da ~lowly w1th ~yJ:gc:>rc:fu~~\·l, :\" 
. .. ~ --:·: ...... ·- ·/-.{~ . . : ;:-.: - . --.---~ ..·-~ ._,.,-?;_:;_ ~:·-?:.. -~.-.~.;.,·.-_.~}f ;.~ ,_· . 

stirring., 68 g of potassiwn l~da~e, .",,:•i<:p,pt.1nue st1rr1ng·:,;i.mt1.J,,"'al.l ...
~ _-t • • - ·,~-.r ~t:; .~ .:J/;, ~:(-..1 ~; ~,.. :· _-: . .. .~-~ ·.. -:: ~~~ _-. ;:.~.:;r .:~ .- --- ~ ~

the free iodine 1n1t1al17°·tonea ~--~,"-~.di~s.olYe~ ·1:,,-:~t,e~·d ·j}.~1-eu · · -·

orange-red solution._~ -?J;;l\lte ;oj\'.l~t~~ .,r~.t~- dist1u~a ~at~i:kd 
.. : ": 

store the solution 1n a c1·ark ~-ottl,e. 

3. 5 Iodine Mono~bl'~r1o;~i-~,J~;<s~i~tio~ co-.i~k) ·/ :~iiiit_e 
100 ml of stock iodine monochloride solution to l liter with 

distilled water. This :soluti:ci,l ·•hould be lcept in dark .glass_: bottle 
-: ~-= f" 

to prevent degradation. This .reagent .should be stable .tor ·jt .least 
-· 

2 months; however, periodic checks sbould be performed to insure 

quality. 
·..~ - .... ~ 

3.6 Potassium Iodide -~i~~1~~,- :(25%,_).• ::i B1~~~-lve·.c_~5 • :i~tas-

sium iodide in sufficient d1s:t1lled. water to make .100 ml OT: solution. 

3. 7· Sodium Sulf"ite·· Solµ~i.bi'l'.,:ltOJ). > 01.ssoive ·,10 :-g of.·, 

anhydrous sodium sulfite in aut!'1cient -distilled ll&ter.to make 
, ·,: ..t'.~~{~r!'/':?i:t<c·: ;'.; •~:.'~;,t<i/•;'.· ·t ;-;;::- •'·::-. :>·:- .. -

100 ml of solution. ~~ =·· ._:: . ·-..· 

!; .1.2 Add 50 ml or concentrated nitric S:c1d .. or ·im::'.amc;,unt 

sufficient to cover the gla•~ .lf'OOi/ .and cover .tbe :'.beJer __w1th a 

ribbed watch glass. -Plac~ ·::~~-~~•~i-,.on -a· fiot '.~~~fi~1;0~~,t-
gently to boiling. Reflux ior one· hour and eool. :i; IAC"d. >5c; ~1- of 

distilled water to the beaker and mix. 

1a· 
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4.1.3 Filter the acid extract through a Whatman No. 1 

filter paper, collecting the filtrate in a 400 ml beaker. Wash 

the. glass wool three times with 50 ml portions or hot distilled 

water. Filter each wash, adding each to the original filtered 

acid extract. 

4.1.4 Evaporate the filtrate on a hot plate to approximate
ly 5 ml. Cool to room temperature and quantitatively transfer 

the filtra~e to a 50 ml volumetric flask using distilled water. 

Bring to volume with distilled water. 

4.2 From each batch of purchased glass wool, analyze a 

representative portion in the same canner as the sample. 

4.3 Set spectrophotometer parameters to obtain maximum 

sensitivity at wavelength or 283.3 nm by use of lead standards, 

and manipulation of the acetylene and air flows. 

4.4 Aspirate each sample and blank into the flame and 

record the percent absorption for each. Convert the readings 

to absorbance units. 

4.4.1 Samples that have percent absorption values higher 

than the range of the standard calibration curve of the instrw:ient 

must be diluted with dilute nitric acid to be within the working 

range. 

4.4.2 Determine the lead concentration of the sample from 

the lead standard curve. 

4.4.3 Standards should be aspirated after every fourth 

or fifth sample to insure instrument response has not changed. 

4.5 Gaseous Lead 

4.5.1 Measure and record the total volume or the iodine 

monochloride solution remaining in the impingers. 
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q_5.2 Transfer an aliquot or 20.0 ml to a 25 ml graduated 

test tube. Add 2.0 ml of 25% potassium iodide to the sample. 

Mix well to insure that all the iodine is in solution. 

q.5.3 Add dropwise, 10% sodium sulfite solution until the 

solution turns pale yellow. Mix well, and add distilled water 

to the 25 ml mark. 

~.6 Prepare a reagent blank in the same manner as the 

samples to ascertain the presence ot any lead impurities. 

~-7 Proceed as in Sections ~-3 and ~-q· 

5. STANDARD CURVE 

5.1 Standard Stock Lead Solution. Weigh and transfer 1.5984 

g of lead nitrate to al liter volumetric .flask~ Dissolve and 

bring to volume with dilute nitric acid. This solution contains .........., 

lOCO µgm Pb/ml. 

5.2 Working Standard Lead Solution. At least three indivi

dual standards, normally in the range of Oto 20 µgm Pb/ml, are 

freshly prepared by appropriate dilution of the standard stock 

lead solution with dilute nitric acid. 

5.3 Prepare a standard curve by plotting on linear graph 

pe~er the absorba.~ce of the individual standards vs. the concen

tration of lead. 

6. CALCULATIONS 

6.1 Particulate Lead 

6.1.l The blank glass wool value, if any, is subtracted 

from each sample. 
µgm Pb/ml from Std Curve x 50 

*Total mg Pb• 
1000 

*If semple was diluted to be within the standard curve 
ra~ge (q.~.l), the calculation must be multiplied by
the appropriate.dilution factor. 
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6.2 Gaseous Lead 

l,lgm Pb/ml x 25 x Vol of Impinge~ (mR. 
•Total mg Pb per impinger • -----------------

1000 X 20 

•rr sample was diluted to be within the standard curve 
range (4.4.1), the calculation must be multiplied by
the appropriate dilution factor. 

Total mg Pb• Total mg Pb 1n 1st Impinger + 2nd Impinger 

7. REFERENCES 

7.1 Air and Industrial Hygiene Laboratory, State Dept. 

of Health, Method No. 54. "Analysis of Lead Content of Atmospheric 

Particulate Matter Collected on High Volume Glass Fiber Filter". 

7.2 Purdue, L., Enrione, E. and Thompson, R., "Determination 

of Organic and Total Lead in the Atmosphere by Atomic Absorption 

Spectrometry", Anal. Chem. !!.2_, 527-530, 1973. 
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LAB 5 · 

REF: Reg. 7-303 

DETERMINATION OF TOTAL MERCAPTANS IN EFFLUENTS 

l. PRINCIPLE 

Mercaptans are absorbed in a mercuric acetate solution 

forming stable mercapt1de salts. The absorbed mercaptides are 

reacted with N,N,-Dimethyl-P-Phenylened.1am1ne to form a red 

complex, the amount of which 1s proportional to the total mercap

tides and is measured spectrophotometrically. The total mercaptans 

are exp~essed as methyl mercaptan by reference to a calibration 

curve prepa~ed from known amounts of lead methyl mercaptide. 

2. APPARATUS 

2 ._l ~pectrophotometer 

2.2 25 ml test tubes 

3. REAGENTS 

3.1 Mercuric Acetate Solution, 5%. Dissolve 50 g of 

mercuric acetate, essentially free of mercurous salts, in approxi

mately ~00 ml of water and add 20 ml glacial acetic acid. Mix 

a~d dilute the solution to l liter with distilled water. 

3,2 Amine Solut~on 0.5%. Dissolve 0.5 g of N,N,-D1methyl

P-?her.ylenedia:n1ne d.1hydrochloride in 100 ml of concentrated hydro

chloric acid and transfer to a dark bottle. The solution is 

stable for at least six months. 

3.3 Reissner Solution. Dissolve 6.7 g of ferric chloride 

hexahydrate in approximately 50 ml distilled water. Add 7.2 ml 

concentrated nitric acid. Mix and dilute to 100 ml with -distilled 

water. This solution is stable for at least six months. 
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3.4 Lead Methyl Mercaptide, Eastman Organic Co., No. 8561. 

4. ANALYTICAL PROCEDURE 
( 

4.1 Measure and record the total liquid volume in each of the 

collection impingers. 

4.2 Transfer to a 25 ml graduated test tube 10.0 ml of 

sample or an aliquot of sample containing no more than 80 ~gm 

of methyl mercaptan equivalent. A blank containing 10.0 ml of 

5% mercuric acetate is run with the samples. 

4.3 To each sample and blank add l.5 ml of e.mine solution 

and 2 drops of Re1ssner solution. Mix well, and allow 30 minutes 

for color development. Remove any turbidity in the sample by 

centrifuging for 2 minutes at 1000 RPM. 

4.4 Read the formed color 1n a spectrophotometer set at 

500 nm using 13 mm cuvettes after setting the instrument at 100% 

T with the blank. Determine the µgm of methyl mercaptan from 

the standard curve. 

5. STANDARD CURVE 

5.1 Standard Sto~k Mercaptan Solution. Weigh and transfer 

0.1566 g of crystalline lead methyl mercapt1de to a 100 ml volu

metric flask. Dissolve and bring to volume with 5% mercuric 

acetate. This solution contains 500 µgm equivalent of methyl 

mercapta.~ per ml, and is stable for at least one year. 

5.2 Working Standard Mercaptan Solution. Dilute 2.0 ml 

of the stock standard solution to 100.0 ml with 5% mercuric 

acetate. This solution contains 10 µgm per ml methyl mercaptan 

equivalent. 
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5.3 To a series or 25 ml graduated tubes, add respectively 

o, 1.0, 3.0, 5.0, and 8.o ml or the working standard. 

5.~ Bring each to 10.0 ml with 5% mercuric acetate. 

5.5 Develop color as described under the analytical pro

cedure. Prepare a standard curve by plotting µgm methyl mercaptan 

vs% transmittance using semi-log graph paper. 

6. CALCULATION- - -·~ . 

PPM Total Mercaptans • 
llgm Found 1n A11q. x Imp. Vol. 

1.97 x Aliq. Vol. x Sample Vol. (liters) 

Where: 1.97 c theµ~ in 1- µ1 or mercaptan 
at 25 c and 760 mm Hg 

Total PPM • PPM 1n lst Impinger + PPM 1n 2nd Impinger 

7. REFERENCE 

7.1 Moore, H., et al, nA Spectrophotometric Method for the· 

Determination o! Mercaptan 1n A1rn, Amer. Ind. Hyg. Assoc. 

J. 21, 466, 1960. 

... 
1-
1 
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LAB 6 

REF: Regs. 11-5-301 
11-5-302 

DETERMINATION OF PARTICULATE AND GASEOUS MERCURY EMISSIONS 

1. PRINCIPLE 

,Particulate and gaseous mercury emissions are sampled from 

the source and collected in acidic iodine monochloride solution. 

The mercury collected in the mercuric form is reduced to elemental 

mercury in basic solution by hydroxylamine sulfate. Mercury is 

aerated from the solution and analyzed using spectrophotometry. 

2. APPARATUS 

2.1 Spectrophotometer. To measure absorbance at 253.7 run, 

a flameless atomic absorption spectrophotometer is equipped with a 

gas cell and hollow cathode source. Other suitable mercury analyzers 

can be used. 

2.2 Glassware. Borosilicate glassware should be used 

th!'oughout the analysis. The glassware must be cleaned with 1:1 

v/v nitric acid and rinsed with distilled water prior to use. 

2.3 250 ml BOD (Biological Oxygen Demand) sample bottles 

2.4 Cylinder ilr. Zero grade compressed air is used· 

as an aeration gas. 

3. REAGENTS 

3.1 Potassium Iodide Solution (25%). Dissolve 250 g of 

potassium iodide in distilled water and dilute to 1 liter. 

3.2 Concentrated Hydrochloric Acid 

3.3 Potassium Iodate 

3.~ Iodine Monochloride Solution (l M). To 800 ml of 25% 

potassium iodide, add 800 ml of concentrated hydrochloric acid. 
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... 

Cool to room temperature. With vigorous stirring, slowly add 135 

g of potassium iodate an~ continue stirring until all free iodine 
.. 

has dissolved to give a clear orange-red solution. Cool to room 

temperature and dilute to 2 liter with distilled water. Store 

the solution in amber glass bottles to prevent degradation. 

3.5 Absorbing Solution (0.1 M Iodine Monochioride). Dilute 

100 ml of l M iodine monochloride to 1 liter with distilled water. 

Store the solution in an amber glass bottle to prevent degradation. 

The solution is stable for at least 2 months. 

3.6 Sodium Hydroxide (10 N). Dissolve 400 g of sodium 

hydroxide pellets in distilled water and dilute to 1 liter. 

3.7 Reducing Agent (12% Hydroxylamine Sulfate, 12% Sodium 

Chloride). To 60 ml or distilled water, add and dissolve 12 g 

of hydroxylamine sulfate and 12 g of sodium chloride. Dilute to 

~CO ml. This quantity is sufficient for 20 analyses and must be 

prepared daily. 

3.8 Hydrochloric Acid (0.3 N). Dilute 25.5 ml of concen

trated hydrochloric acid to 1 liter.with distilled water. 

4. ANALYTICAL PROCEDURE 

4.1 Transfer the contents of each impinger containing 

absorbing solution to a graduated cylinder and measure and record 

the volume to the nearest milliliter. Transfer the sample to a 500 

ml Erlenmeyer flask. Rinse the sampling probe and line with two 

50 ml portions of absorbing solution and add to the flask. 

Record the total volume or.sample in the flask. 

4.2 Adjust the instrument settings according to the 

instrument manual. 
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- 4.3 Transfer a sample of aliquot up to 50 ml to the BOD 

bottle. Adjust the total volume to 50 ml with 0.1 M absorbing 

solution1 1r required. 

4.4 Add 5 ml of 10 N sodium hydroxide, cap the bottle 

with a glass stopper and shake Vigorously. Prolonged, vigorous 

shaking at this point is necessary to obtain an accurate analysis. 

4.5 Add 5 ml of the reducing agent and cap the BOD bottle 

with the bubbler assembly •. 

4.6 Shake the bottle vigorously and immediately aerate the 

sample at l to 1.3 l/min into the spectrophotometer cell using 

cylinder compressed air. Continue to aerate until a maximum% 

ab~orbance value 1s reached. Convert the reading to absorbance 

unit and record the value. 

4.7 Determine the mercury concentration of the sample froc 

the mercury standard curve. 

4.8 If the aliquot sample is out of the linear range of 

the spectrophotometer, the sample must be diluted with absorbing 

solution. 

4.9 Prepare a blank from absor?1ng solution and analyze to 

determine the reagent blank mercury level. 

4.10 Standards should be run after every fourth or fifth 

sample to insure instrument response has not changed. 

5. STANDARD CURVE 

5.1 Standard Stock Mercury Solutien. Weigh and transfer 

0.1354 g of mercuric chloride to a 100 ml volumetric flask 

containing 80 ml of 0.3 N hydrochloric acid. After the mercuric 

chloride has dissolved, dilute to 100.0 ml with 
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0.3 N hydrochloric aci~. This solution contains 1000 µgm Hg/ml. 

5.2 Standard Mercury Working Solution. Dilute 1.0 ml of 

standard stock mercury solution to 100.0 ml with 0.3 N hydro

chloric acid to give a concentration of 10 µgm Hg/ml. 

5.3 Prepare at least three 50 ml calibration standards in 

the linear range of the instrument. Solutions of Oto o.6 µgm 

Hg/ml have been found to be acceptable for most instruments. The 

working standard solution should be freshly prepared p 
0

rior to use. 

5.4 Prepare a standard curve by plotting absorbance vs. 

concentration of mercury on linear graph paper. 

6. CALCULATION 

6.1 A blank reagent background mercury value, if any, 

is subtracted from each sample. 

*Total mg Hg s ugm/ml from Std curve x Total Samp. Volume 
1000 

*If sample was diluted to be within the standard curve range
(4.3), the calculation must be multiplied by the appropriate
dilution factor. 

7, REFERENCE 

7.1 Method 101, ."Reference Method for Determination of 

Particulate and Gaseous Mercury Emissions from Stationary Sources." 

40 CFR 60, Appendix B, Revised July l, 1976 • 

.. -- . 
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LAB 7A 

REF: Regs. 9-3-301 to 9-3-304 
9-4-301, 9-4-302 

10-1-301 

DETERMINATION OF OXIDES OF NITROGEN IN EFFLUENTS 
. (ALKALINE PERMANGANATE PROCEDURE) 

1. PRINCIP~ 

The method is based on the absorption of nitric oxide and 

nitrogen dioxide in alkaline permanganate bubblers fitted 

with semi-fine glass frits. The formed nitrite and nitrate ions 

are determined by first converting the nitrite formed during 

the collection to nitrate. The total nitrate is then reduced 

to nitrite, which is determined by a chromatrop1c acid indicator. 

2 • APPARATUS 

2.1 Hot plate 

2.2 50 ml graduated Erlenmeyer flasks with screw caps 

2.3 Spectrophotometer 

2.4 25 ml graduated test tubes 

2.5 Burel wrist action shaker 

3. REAGENTS 

3.1 Absorption Solution. Dissolve 40 g of potassium 

permanganate and 20 g of sodium hydroxide in distilled water and 

dilute to 1 liter. 

3.2 Oxalic Acid Solution. Dissolve 80 g or oxalic acid in 

1 liter or distilled water. 

3.3 Sulfuric Acid. Add 22.4 ml of concentrated 

sulfuric acid to 500 ml of distilled water and dilute to 1 liter. 

3.4 Reducing and Color Reagent. N1tra Ver III (Cat. #14065) 

and Nitra Ver VI (Cat. #14119). Hach Chemical Co. Ames, Iowa. 
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4. ANALYTICAL PROCEDURE 

4.1 Measure and record the liquid volume of each impinger. 

Transfer an aliquot, not to exceed 5.0 ml, for analysis containing 

0 to 100 µgm of nitrite. The aliquot may require dilution with 

unreacted absorbing solution or may be used directly. If preferred, 

all three impingers may be co~bined to form a composite sample, 

thereby requiring only a single analysis. 

4.2 The aliquot taken is transferred to a 50 ml Erlenmeyer 

flask fitted with a screw cap. A reagent blank or 2. O ml is also 

prepared from the absorbing solution which was used for the 

sampling. Acidify with 0.8 N sulfuric acid, using 1 ml of acid 

per ml of aliquot and let stand overnight. 

4.3 Add l ml or oxalic acid solution per ml or aliquot and let 

stand until colorless. Heat the sample on a hot plate at 50 to 6o0 c. 
S~ould more oxalic acid solution be required to reduce the permanganate, 

add dropwise, so as not to have more tha~ 3 drops in excess. Cool 

to room temperature and dilute to the 30 ml mark with distilled 

water. 

4.4 Add to the sample and the blank, the content or a 

Nitra Ver VI pillow. Cap the flask and shake for exactly 3 minutes. 

Allow the sample to stand for 30 seconds and transfer 25 ml to a 

graduated test tube. Add the content of a Nitra Ver III pillow, 

cover the test tube with parafilm and mix for one minute. Let 

stand for 10 minutes and read the formed pink color at ·500 nm with 

a 13 mm cuvette, setting the blank at 100% transmittance. Determine 

the µgm N02 1n the sample from a standard curve. 
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5. STANDARD CURVE 

5.1 Standard Stock Nitrite Solution. Weigh 0.2198 g of 

potassium nitrate and transfer to a 1 liter volumetric flask 

containing 100 ml or distilled water. Dissolve and dilute to mark 

with distilled water. This standard solution contains 100 µgm N02 

equivalent per ml. 

5.2 Working Standard Nitrite Solution. Dilute 1:5 to make 

a working standard containing 20 µgm NO2 equivalent per ml. 

5.3 Prepare a series or standards containing 20 to 100 µgm 

of N02, add 2 ml of the absorbing solution to each in 50 ml 

Erlenmeyer flasks. Proceed as in 4.2 to 4.4 to develop color 

forming reactions. 

5.4 Prepare a standard curve plotting µgm N02 vs.% 

transmittance on semi-log graph paper. 

6. CALCULATION 

(µgm NO2 from Standard Curve) (Total Vol.) 
PPM NOx as N02 = 

(1.88) (Aliquot) (Sample Vol. in liters) 

Where: 1.88 • the µgm 1n 1 µ1 of nitrogen dioxide 
at. 25cc and 760 mm Hg 

7. REFERENCE 

7.1 Levaggi, D.A. et al, "An Integrated Manual Impinger 

Method for the Simultaneous Determination of Nitrogen Ox!des 

and Sulfur Oxides in Source Effluents. J. Air Poll. Cont. 

Assoc., 26, 783, 1976. 
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LAB 7B 

?.EP: Regs. 9-3-301 to 9-3-304 
9-1'-301, 9-1'-302 

10-1-301 

DETERMINATION OF OXIDES OF NITROGEN IN EFFLUENTS 
{GRAB SAMPLE PROCEDURE) 

1. PRINCIPLE 

A grab sample or the effluent is collected in an evacuated 

glass flask. Any nitric oxide and nitrogen dioxide present is 

oxidized to nitrate ion in the flask containing sulfuric acid 

and hydrogen peroxide. The yellow compound resulting from the 

reaction of the nitrate ion with phenoldisulfonic acid is measured 

color1metrically at 420 nm. 

2. APPARATUS 

2.1 Spectrophotometer 

2.2 Mercury manometer, open end 

2.3 Hot plate 

3. REAGENTS 

3.1 Phenoldisulfonic Acid (PDSA). In a 500 ml Erlenmeyer 

flask, dissolve 25 g of pure white phenol in 150 ml of concentrated 

sulfuric acid on a steam bath. Add 75 ml of fuming sulfuric acid 

(15-18% free S03), stir well, cover the flask with a watch glass 

and heat for two hours at 100°c. Store 1n a dark, stoppered glass 

bottle. The PDSA is stable for about 2 years. 

3.2 Concentrated Ammonium Hydroxide 

3.3 Sodium Carbonate (20%). Dissolve 20 g or sodium 

carbonate to 100 ml or distilled water. 

3.4 pH Paper, 7-11' range 

3.5 Litmus paper 
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4. ANALYTICAL PROCEDURE 

4.1 The previously calibrated 2 liter glass flask, in 

which the sample has been collected should remain in contact 

with the absorbent at least overnight to complete oxidation prior 

to the analysis. 

4.2 Connect the glass flask to an open end mercury mano

meter, open the stopcock slowly, note and record the manometer 

reading in millimeters ot mercury (samples are normally under a 

slight vacuum). 

4.3 Transfer the absorbing solution (dilute sulfuric acid 

and hydrogen peroxide) to a 50 ml volumetric flask and bring 

to volume with distilled water. 

4.4 Transfer an aliquot of the sample containing between 

40 to 200 ~gm of equivalent N02 to a 50 ml casserole or beaker. 

Neutralize with 20% sodium carbonate solution until just basic 

using litmus paper as an indicator. 

4.5 Carefully evaporate to complete dryness on a hot 

plate, avoiding any spattering and loss of sample. 

4.6 Add 2 ml of PDSA making sure to "wet" all the residue. 

Quickly triturate the residue thoroughly with a glass rod for 

a few minutes. Carefully add 5 ml of distilled water. 

4.7 Carefully add 6 to 7 ml or concentrated ammonium 

hydroxide dropwise with constant swirling until the maximum color 

is formed. Use pH paper to verify a solution pH of l"O or 

greater. Transfer the solution to a 25 ml graduated test tube 

and wash the beaker with small quantities of distilled water. 

Add the washing to the test tube. Dilute with distilled water 

to 15 ml. 
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4.8 Measure the% transmittance of the yellow color complex 

at 420 nm. Use the reagent blank, which was treated like the 

samples, to set the spectrophotometer at 100% transmittance. 

Determine the µgm of nitrite equivalent from the standard curve. 

4.9 A standard curve must be prepared with each set of 

analyses. 

5. STANDARD CURVE 

5.1 Standard Nitrite Stock Solution. Weigh and transfer 

0.5495 g of potassium nitrate to al liter volumetric flask 

containing 100 ml of distilled water. Dissolve and dilute to the 

mark with distilled water. This standard solution contains 

250 µgm NO2 equivalent per ml. 

- 5.2 Working Standard Nitrite Solution. Dilute the standard 

stock solution l:10 to obtain a working standard solution 

con~aining 25 µgrn of NO2 equivalent per ml. 

5.3 Prepare standards in 50 ml beakers containing O, 25, 

50, 75 and 100 µgm or N02. Add 5 ml or the absorbing reagent 

and process as previously described tor the samples 1n 4.4 to 4.8. 

Prepare a standard curve plotting l,lgm N02 vs. transmittance on 

a seci-log graph paper. 

6. CALC~~T~QJ!S 

(l1gm N02 rrom· Standard Curve) x 50 x 160 mm 
PPM NOx as NO2 • 

1.88 x aliquot x Sample flask vol x flask 
pressure 

Flask pressure • (760 mm Hg - manometer reading 1n mm Hg) 

Where: l.88 • the ~gm 1n 1 µ1 or nitrogen dioxide 
at 25°c and 760 mm Hg . 
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7. REFERENCES 

7.1 Beatty, R., et al, "Determination of Oxides of Nitrogen 

by the Phenoldisulfonic Acid Methodf U.S. Bureau or Mines 

Rept. Invest. 3687, 1943. 

7.2 "Methods of Test for Oxides of Nitrogen in Gaseous 

Combustion Products (PDSA Method)", ASTM designation D 1608-68, 

Book of ASTM Standards, Part 23, 461-465, 1968. 

7.3 Method 7, Reference Method tor the "Determination 

of Nitrogen Oxide Emissions from Stationary Sources." 40 CFR 60, 

Appendix A, Revised July 1, 1976. 
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LAB 8 

?.EF: Reg. 7-303 

DETERMINATION OF PHENOLS IN EFFLUENTS 

1. PRINCIPLE 

1.1 The phenols are absorbed in 0.1 N sodium hyd:-oxide 

solution to form phenolates. These compounds are hydrolyzed by 

acid, and the aqueous solution is analyzed for phenols by gas 

chromatography. Sample clean-up is performed, if necessary, 

by a carbon tetrachloride extraction. 

2. APPARATUS 

2.1 Gas Chromatograph. This unit is equipped with a flame 

ionization detector and fitted with a 7' x 1/8" stainless steel 

column which is packed with 10% Carbowax 20M/Terphthal1c acid on 

acid-washed Chromosorb W(60 to 80 mesh~ The gas chromatograph must 

be capable of detecting 3 ppm of phenol 1n solution with a peak 

heig~t of at least 3 times the noise background at the 

attenuation used. 

2.1.1 Injector port fitted with a glass sleeve 
' 2.2 10 ~1 syringe· 

3. REAGENTS 

3.1 Sodium Hydroxide (0.1 N). Dissolve 4 ·g of sodium 

hydroxide in 1 liteT of distilled water. 

3.2 Sulfuric Acid (1.0 N). To about 500 ml of distilled 

water, slowly add 28.0 ml of concentrated sulfuric acid and dilute 

to l liter with distilled water. 

3.3 Copper Sulfate Solution (10%). Dissolve 10 g of copper -sulfate in 100 ml of distilled water. 
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3.4 Carbon Tetrachloride-
3.5 Litmus Paper - Blue 

!I • ANALYTICAL PROCEDURE 

4.1 All samples are to be refrigerated. If s·amples are· to be 

analyzed within three days I proceed with 4. 2. If samples are. to 

be stored for more than three days, add l ml of 10% copper sulfate 

solution to each impinger. 

4.2 If the sample 1s contaminated with heavy oil, an 

· extraction with carbon tetrachloride is required. If the sample 

is "clean", no extraction is necessary. 

4.3 Measure and record the total liquid volume.of each 

impinger. Transfer a 9.0 ml aliquot to a 25 ml test tube and 

add 1 ml of 1 N sulfuric acid. Cover the test tube with parafilrn, 

invert and mix well. Check to insure the sample is acidic with 

litmus paper. 

4.4 Inject a 2 ~i sample into the gas chromatograph 

injection port. The operating parameters of the chromatograph 

are: column temperature 1800c; detector temperature 260cc; 

injection port temperature 250°c; carrier gas 25 ml/min; hyd~o

gen 20 ml/min; and a1~ 250 to 300 ml/min. 

4.5 Compare the peak heights of phenols, m-cresol and 3, 

4 dimethylphenol with those contained in the standard solution 

and injected in the same manner. Quantitation of the sample may also 

be made by integrated area technique. 
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5. PREPARATION OF STANDARD SOLUTION 

5.1 Standard Phenol Stock Solution. Weigh 0.1 to 0.11 g 

(±0.0001 g) of each reagent grade phenol, m-cresol and 3, 4 

dimethylphenol. Dissolve in 0.1 N NaOH solution and dilute to 1.0 

liter with 0.1 N NaOH. This solution will contain appro~imately 

100 ~gm/ml of each phenol. If kept refrigerated this solution 

is stable for one month. 

5.2 Standard Phenol Working Solution. Dilute the stock 

standard phenol solution 1:10 with o.1 N NaOH to prepare a standard 

phenol working solution of approximately 10 µgm/ml of each phenol. 

This working standard solution must be prepared freshly prior to use. 

6 • CALcpLATIQ.@ 

Tot. Vol of Imp. Pk. ht of Sample ..-._ 
1) Total µgm of Phenol'• x x Cone. of 

in s2Jnple Standard
Pk. ht,of. Standard 

•calculate individually for m-cresol and 3, 4 dimethylphenol,
if present. 

Total µgm of phenol 1n sample• µgm in 1st Imp.+ µgm in 2nd Imp. 

Total ~gm of m-cresol 1n sample• µgm in 1st Imp.+ µgm in 2nd Imp. 

Total µgm of 3, 4 dimethylphenol in sample• µgm in 1st Imp.+ 
.. µgm 1n 2nd Imp. 

2) PPM Phenol• Total µgm Phenol 1n Sample 

(11 ) x Sample volume (liters) 

(11 ) • 3.8~ for phenol; 4.42 for m-cresol; 4.99 tor 3, 4 dimethylphenol 

The values are the µgm in l µ1 or ea~h individual phenol at 
25°c and 760 mm Hg 

3) Total PPM Phenols• PPM Phenol+ PPM·M-Cresol + PPM 3, 4 Dimethyl
phenol -.. ,. 

11 
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LAB 9 

RE?: Regs. 8-4-201, 8-4-302, 8-4-303 
8-4-310, 8-4-311 

DETERMINATION OF COMPLIANCE OF SOLVENTS. COATINGS, AND RELATED PRODUCTS 

1. PRINCIPLE 

The tests performed in this procedure are designed so that 

the paraffinic olef~nic, aroma.tic and oxygenated hydrocarbons 

found in solvents, coatings and related products may be individual

ly identified and determined. 

The analysis scheme is outlined in Figures III-1.a.nd III-2 

Solvents are treated as is; whereas coatings must be steam 

distilled to isolate the hydrocarbon fraction for further 

identification. 

Fluorescent Indicator Analysis (FIA) is first performed on 

the solvent or water immiscible hydrocarbon fraction or the 

distillate to ascertain the volume percent or the different 

organic classes. Two FIA procedures are used. one for petroleum 

related products containing olefins, aromatics and saturates; 

and the other for solvents which contain oxygenated hydrocarbons 

in the presence of arom~tics and saturates. Compliance may be 

determined on the basis or the appropriate FIA; if compliance is 

not defined sufficiently, gas chromatography ;s necessary for 

identifying specific compounds in the mixture. 

The gas chromatographic procedures are·somewhat complex 

utilizing various analytical columns and subtractive techniques. 

First, obtain a chromatogram of the solvent di-luted with CS2. 

For the selective removal of oxygenated hydrocarbons; 85% sulfuric 

acid is used. For the selective removal of olefins, aromatics 

and oxygenated hydrocarbons, sulfonation acid is utilized. 
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A second and possibly third chromatogram is then obtained by the 

selective subtractive techniques applied to the diluted mixture. 

By comparison of the chromatograms, it is possible to identify the 

class compounds required for determining compliance with the 

regulation. 

2. APPARATUS 

2.1 Fluorescent Indicator Analysis apparatus, as shown 

in Figure IIl-3 

2.2 Pressurized gas manifold (nitrogen or air), equipped 

with an open end mercury manometer 

2.3 Ultra-violet light source 

2.~ 1 and 5 ml graduated hypodermic syringes 

2.5 Steam distillation apparatus, as shown ir. Figure III-4 

2.6 Separatory funnel, 500 ml 

2.7 Aluminum foil dish, 58 mm diameter x 10 mm high 

with flat bottom 

2.8 Gas chromatograph. This unit 1s equipped with a ccmpa

tible recorder and flame ionization detector 

2.9 Vari-whirl mixer 

3. REAGENTS 

3.1 Silica Gel, 100 to 200 mesh, Grade 923. This is 

available from Davison Chemical, Baltimore, Maryland (Davison 

Code No. 923-08-08220). Before use, dry the gel at 350°F for 

3 hours; transfer and store in a desiccator. 

3.2 Fluorescent Indtcator Dyed Gel. This is available 

from U.O.P. Process Division, U.O.P. Inc. Des Plaines, Ill. 

60016 (U.O.P. Product No. 675). 
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3.3 Isopropyl Alcohol 

3.4 PresGurized Gas, cylinder nitrogen or air 

3.5 Analytical columns used in solvent analyses are: 

3.5.1 14' x l/8" 10% Carbowax 20M/Chromosorb W AW DCMS, 

Bo to 100 mesh 

3.5.2 15' x 1/8" 10% 1,2,3 Tris (2-cyano-ethoxy) propane/ 

Chromosorb W, 60 to 80 mesh 

3.5.3 15' x l/8" 10% N N Bis 2 cyano-ethyl formamide/ 

Chromosorb w, 60 to 80 mesh 

3.6 Rhoda.mine B Solution. Rhodamine B base (DuPont Inc.) 

is prepa!'ed by dissolving 400 mg of solid in 10 ml of 200 proof 

ethyl alcohol. 

3.7 N-Butyl Amine -
3.8 Carbon Disulfide 

3.9 Standards for Fluorescent Indicator Analysis (FIA) and 

Modified Fluorescent Indicator Analysis 

3.9.1 Equal volumes of isooctane, heptene and xylene, or 

appropriate substitutes. Prepare prio~ to use. 

3.9.2 Equal volumes of isooctane, methyl ethyl ketone 

anc xylene or appropriate substitutes. Prepare prior to use. 

3.10 85% Sulfuric Acid. To 12 ml of distilled water, slow

ly add 88 ml of concentrated sulfuric acid. 

3.11 Sulfonation Acid. Add the content of a 1 lb (454 g) 

bottle of P205 to 575 ±5 ml of fuming sulfuric acid in an 

Erlenm~yer flask. Stir with a glass rod or mechanical stirrer 

until only a small amount of residue remains, cover with a watch -glass while the mixture cools to room temperature. Decant the acid 

mixture into ground glass stoppered bottles. Store the acid .m.1.xture 



in a desiccator. Prepare the reagent as rapidly as possible to 

minimize absorption of moisture from the air during preparation. 

-IJ. ANA~Y!Ig_AL .?RQC~URE~ 

4. l ~e-~;:m~~Jion__o;_ V:olati~~ CEn_!:en~_o_r C<>aj;_~.5.!. 

4.1.l Weigh accurately o.4 to o.6 g (:0.0001 g) of coating 

in a pre-weighed aluminum dish. Dry the sample in the oven at 105 

:lOC ror three hours. Cool the sample 1n the desiccator and 

weigh. Analyze the samples 1n duplicate. Results should agree to 

within :5% or the mean. 

4. 2 ~alculat~o~~ 

4.2.l Wt. Coating• Wt. aluminum dish with paint -
Wt. aluminum dish 

4.2.2 Wt. Solid • Wt. aluminum dish with solid -
Wt. aluminum dish 

4.2.3 %Solid in paint• -~t. Soiid x·100 
~t-... .Coating 

4. 2. 4 % W/W Volatiles in paint • 100% - ·$ Sol1d in paint 

4. 3 s~~~- J?istil1at_i~n __or_ C_o~tin~ 

4.3.1 Transfer approximately 50 ml or thoroughly mixed 

coating to.a tared 125 ml Erlenmeyer flask, reweigh and deterrr.ine 

the weight of coating. Attach the flask to the steam generator 

and the collection apparatus shown in Figure III-4. 

4.3.2 Heat and control the flask temperature with an electr~c 

heating mantle at appl"O..Ximat~ly 70:t~ So0 c and comm&nc-e-delivery 

of steam to the flask. Collect a minimum of 200 ml of 

distillate. . 
4.3.3 Separate the hydrocarbon layer from the water layeri: 

by means or a separatory funnel. Re~ord the volumes or·both 
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fractions and weight of the hydrocarbon fraction (±0.1 g). When 

oxygenates are not present, the weight or collected hydrocarbon 

layer must be within 10% of the expected weight determined by 4.2.~. 

The water layer is discarded. If oxygenated hydrocarbons are 

present, the weight of the immiscible hydrocarbon layer is added 

to the weight of miscible oxygenated hydrocarbons found 1n the 

water layer which is determined by gas chromatography, as 

described in 4.11. The combined weight of the immiscible hydro

carbon layer and the total miscible oxygenates in the water must 

be within 10% of the expected weight determined by 4.2.4. 

4.3.4 For further processing, the immiscible hydrocarbon 

layer is dried by the addition of a tew grams of anhydrous 

sodium sulfate. 

4.4 Fluorescent Indica~or Analys~s (FIA) for Solvents and 

HydrocarboE Fract~~n~ of D~st~ll~tes Not ~ont~ining Oxygenated 

Hydrocarb~ns 

4.4.1 Referring to Figure III-3, freely suspend the column. 

While vibrating the colum.~ along its entire le~gth, add small 

increments of silica gel through a funnel until the column is 3/4 

full. Stop the vibrator and add 3 to 5 mm layer of Fluorescent 

Indicator Dyed Gel. Start the vibrator and vibrate the column 

while adding additional silica gel. Continue to add the silica 
•• 1 

gel until it is tightly packed and extends 75 mm into the charger 

section. 

4.4.2 Attach the filled column to the apparatus assembly. 

Chill the sample and the hypodermic syringe to 35 to 400F. Draw 

0.75 ml sample into the syringe and inject the sample 30 mm below 

the surface of the silica gel into the charger section. 



4.4.3 Fill the charger section w!th iscpropyl alcohol and 

connect the column to the gas manifold. Apply 40 to 80 mm Hg 

pressure for several minutes to move the liquid front down the 

column. Adjust the pressure to give a transit time of approximate

ly one hour. 

4.4.4 Before commencing to read the zone boundaries, care

fully wipe the side of the column with a cloth dampened with 

ethyl alcohol and avoid handling the column with bare hands 

thereafter. 

4.4.5 After the red aromatic boundary has advanced about 

50 mm into the analyzer section, make a set of readings by quickly 

marking the boundary of each hydrocarbon type observed in ultra

violet light in the following sequence. For the non-fluorescent 

saturate zone, mark the front of the charge and_ the point where . 

the yellow fluorescence first reaches its maximum intensity; !or 

the upper end of the second or olefin zone, mark the point where 

the first intense blue fluorescence occurs; finally for the upper 

third or aro~atic zone; mark the upper end of the reddish or 

brown zone. With colorless distillates, the alcohol-aromatic 

boundary is clearly defined by a red ring of the dye. When the 

sample has advanced about an additional 50 mm down the column_, 

make a second set of readings and continue the reading until the 

zone lengths are constant. On completion, release the gas pressure 

and disconnect the column. 

4.4.6 A standard solution prepared as in 3.9.1 should be 

run with each set of analyses performed. 
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Lt •Ls+ L0 + La 

Where: • Total length or the hydrocarbon zoneLt 
Ls • Total length or the saturate zone 

Lo • Total length or the olefin zone 

La • Total length or the aromatic zone 

X 100%V/V Saturates - Ls 

%VIV Olefins ---X 100 

% V/V Aromatics • La x 100 

4; 

4.5 Calculations 

For each set of observations, calculate the% v/v of each 

hydrocarbon type to the nearest 0.1% as follows: 

Determine compliance with Regulation 8, Rule 4, Section 201. 

If definite as to non-compliance, no further analysis is required; 

if indefinite continue with gas chromatography (4.8) for specific 

compound identification. 

4.6 Modified FIA for Solvents and Hvdrocarbon Fractions 

or Distillates Containing Oxyg~nated Hydrocarbons 

4.6.lReferring to Figure III-3, freely suspend the column. While 

vibrating the column along its entire length, add small increments 

or silica gel through a funnel until the column is 3/4 full. Stop 

the vibrator and add 3 to 5 mm layer or Fluorescent Indicator 

Dyed Gel and 3 drops of Rhodamine B solution. Vibrate the columr. 

while adding additional silica gel, continuing to add silica gel -until ~t 1s tightly packed and the gel extends 75 mm into the 

cha.:-ger section. 
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4.6.2 Attach the filled column to the appa~atus assembly. 

Chill the sample and the hypodermic syringe to 35 to 400F. Inject 

0.75 ml or the sample 30 mm below the surface of the silica gel 

in the charger section. 

4. 6. 3 Fill _the charger w:!. th n-butyl amine and connect the 

column to the gas manifold; apply a pressure of 40 to 80 mm Hg. 

Higher pressure can result in poor boundary defir.itions. Adjust 

the pressure to give a transit time of approximately one hour. 

4.6.4 Before commencing to read the zone boundaries 1 care

fully wipe the side of the column with a cloth dampened with ethyl 

alcohol and avoid handling the column with bare hands thereafter. 

4.6.5 After the fluorescent orange oxygenated hydrocarbon 

boundary of the sample has advanced about 50 mm into the analyzer 

sectior., make a set of readings by quickly marking the boundary of 

each hydrocarbon type observed in ultra-violet light in the follow

ing sequence. The leading saturate sect.ion is colorless; the 

aromatic section is blue throughout. The aromatic saturate section 

is taken as the point where the blue fluorescence first reaches 

_!ts maximum intensity, usually split by a yellow-blue band. The 

upper aromatic boundary 1s marked by a red or brown zone which is 

readily obs~rved in ordinary ·1ight and is included in the aromatic 

portion. The ~xygenated compound~ are c_olorless and ·extend free 

the brown section at the· top of the aromatic section, to the top 

of the bright orange fluorescence marking the boundary of the 

oxygenated compounds. When the sample has advanced ar. additional 50 

mm down the column, a second set of readings are made. Continue 

the readings until the relative zone lengths are constant. On 

completion, release the gas pressure and disconnect the column. 
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4.6.6 A standard solution prepared as in 3.9.2 should be 

run with each set or analyses performed. 

4.7 Calculations 
, 

For each set or observations calculate to the nearest 0.1% 

or the hydrocarbon type as follows: 

Lt • Ls + La + ~x 

Where: Lt • ~tal length of the hydrocarbon zone 

Ls • Total length of the saturate zone 

La • Total length or the aromatic zone 

Lox• Total length of the oxygenated ~one 

% VIV Saturates • _L_s__ x 100 

%VIV Aromatics • La X 100 
; 
' 

%VIV Oxygenated Hydrocarbon • _Lo__x__ x 100 

Lt 

4.7.l For solvents, determine compliance with Reg. 5, 

P.~le 1, Section 203. If definite as to non-compliance, no further 

analysisis required; if indefinite, continue with gas chromato

graphy (4.8) for specific compound identification. 

4.7.2 For coating distillates, the modified FIA values 

calculated in 4.7 must be corrected for the volume of oxygenated 

hydrocarbons round in the water layer (4.11) as follows: 

(1) Corrected FIA Saturates • Vhl x f'Ls?'Lt~x lOOt-

Vhl + Vsd 
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·...._, (2) Corrected PIA Aromatics • Vhl x CLalt.c··,x 100) 

vhl + Vad 

(3) Corrected PIA Oxygenates • Vhl x (-Lox/Lt-x-::ioo) +·Va-a: 

vbl + vad 
Where: Vhl • Volume or the hydrocarb~n layer rrom 

the steam distillation · 

V8 d • Volwne or water soluble oxygenates as 
· calculated in 4.12. 2 

Determination 1s now made tor compliance. Ir definite as 

to non-coi::ipliance, no further analysis is required; 1r indefinite, 

continue with gas chromatography (4.8) for specific compound 

identification. 

4.8 Gas Chromato_graohic Analysis or Solvents and the 

Hydrocarbon Layer or the Steam Distillation 

4.8.l The selection or the proper analytical column(s)"- - , 

to be used should be based on the FIA using the following criteria: 

4.8.l.l If aromatics and high boiling oxygenates are 

reported as being present 1n the sample the Carbowax 20M column 

1s recommended. Columns described~ 3.5.2 and 3.5.3 are net 

recommended where high boilers are present or suspected. 

4.8.l.2 Ir solvent contains only paraffins (oletins are 

rarely if ever present 1n solvents) and aromatics all three columns 

1n Section 5 are adequate. All specified columns have the capabi

lity or aeparatin~ C9 to C11 paraffins and olet1ns trom toluene. 

4.8.2 Prepare a 2 to 5S V/V (~0.0lS) solution or the solvent 

or hydrocarbon distillate 1n carbon d1ault1de. Calculate the 

dilution factor. 
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4.8.3 Inject 2.0 µL of the diluted sample in a gas chroma

tograph containing one.of the specified columns in Section 3.5, 

using the general criteria outlined in 4.8.l. Due to the complex 

mixtures used 1n solvents there will be many cases of overlapping 

peaks and complete masking of some compounds. Retain the 

cr.romatogram. 

4.8.4 If oxygenates are present transfer 2 to 3 ml of the 

diluted sample (4.8.2) to a 10 ml test tube. Add approximately 

3 ml of 85~ sulfuric acid, cap well and mix thoroughly by use cf 

a Vari-whirl mixer for 30 to 40 seconds. Let the sample settle 

for a few minutes. All the oxygenated compounds will have been 

sulfonated and selectively absorbed in the acid layer leaving only 

the hydrocarbons and aromatics in the carbon disulfide. 

4.8.4.l Inject 2.0 µt of the sample now containing only 

paraffins and aromatics in the gas chromatograph. Retain the 

chromatogram. 

4.8.5 To another 10 ml test tube, repeat steps in Section 

4.8.4, substituting sulfonation acid 1n place of the 85% sulfuric 

acid. All the aromatics and oxygenated hydrocarbons will have 

been sulfonated and selectively absorbed in the acid layer. 

4.8.5.l Inject 2.0 µLor the sample now containing only 

paraffins in the gas chromatograph. Retain the chromatogram. 

4.8.6 Prepared standards are run with each set of samples. 

These standards are diluted with carbon disulfide, as .are samples, 

and normally are prepai-ed ~o contain C6 to C12 aliphatics, 

C7 to C12 aromatics, and a variety of commonly encountered ketones, 

esters and alcohols. The standards are prepared on a v/v basis 
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(µ1/ml for ready calculation on a volume percent required by 

the regulation). 

4.9 Calculations 

Having the retention times and concentrations or specific 

compounds derived from ~he prepared standards the comparisons may 

now be made of the sample chromatograms obtained in 4.8.3J 4.8.4.lJ 

4.8.5.1 and 4.8.6. 

4.9.1 Specific Oxy_genates are identified and quantified by 

comparing the chromatograms derived in 4.8.3 and 4.8.4.1. The 

"disappearance" of peaks in 4.8.4.1 found in 4.8.3 identifies 

oxygenated compounds. The retention time is then matched to the 

oxygenated standards run in 4.8.6 and quantified by the peak 

height technique as follows: 

Total% V/V of each individµal oxygenate found• 

(Cone. of Std µ1/ml)(Peak Height of Samp.)(Dil. Factor•)(l00) 

(Peak Height of Std)(l000) 

•As found in 4.8.2. 

4.9.2 Specific A~omatics are identified and quantified by 

compa~ing the chroQatograms derived in 4.8.4.1 and 4.6.5.l. Since 

the aromatics are found in the same retention time frame as many 

of the oxygenatesJ comparison of 4.8.4.l (which has oxygenates 

selectively removed) and "disappearance" of peaks in 4.8.5.1 (which 

has both the oxygenates and aromatics remove) will identify the 

aromatic compounds. The compounds are then quantified and speci

fically identified by comparing to the standards run in 4.8.6 

as follows: 

'-· 
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Total% V/V of each individual aromatic found • 

(Cone. of Std µl/ml) (Peak Height of Samp.)(Dil. Factor•)(l00) 

(Peak Height or Std)(l000) 

•As found in ~.8.2. 

4.10 Compliance with the regulation is determ.ned by calcu

lation and summation of the volume percent of the applicable com

pounds found 1n ~.9.1 and 4.9.2 as described in the regulation. 

In the case of coatings, which are steam distilled ~d 

contain water soluble oxygenates, these oxygenates (4.11) must be 

added to the total volume of the sample for calculating the 

volume percents. 

4.li Gas Chroma~ograp~ic .An~lysis of the Oxygenated Hydro

carbons in the Water Layer of Stee.m Distillation of Coatings 

It is necessary to identify end quantify the miscible oxyge

nated hydrocarbons in the water layer of steam distilled coat1~gs~ 

so that correctio~s may be made to the FIA (4.7) and gas chroma

tographic data (4.10) for compliance purposes. 

4.11.1 The Carbowax 20M column described in Section 3.5 is 

the most appropriate when analyzing water mixtures. 

4.11.2 Inject 2.0 µ1 of the water layer of the distillate 

from 4.3 in a gas chromatograph, containing a Carbowax 20M 

analytical column. Retain the chromatogram. 

4.ll.3 A standard containing the normally encountered oxy

genates, is prepared in distilled water (µ1/ml}. Inject 2.0 µ1 

of the standard and record the retention times and peak heights. 

Retain the chromatogram for future reference. 
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4.12 Calculation 

Compare the chromatograms of 4.11.2 and 4.11.3 to identify 

·the specific oxygenates in the water layer of the distillate. 

Quantitate the individual compounds by the peak height technique. 

4.12.1 Total µl of an individual oxygenate found• 

(Cone. of Std µ1/ml)(Peak Height of Samp.)(Total Vol or Samp.•) 

Peak Height or Std 

*As round in 4.3.3. 

4.12.2 Total µl of Oxygenates• Summation of individual 
oxygenates found 
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ANALYTICAL Scm:ME FOR SOLVENTS 

S O L V E Jr 1' 

I 
I I-

Ll...A MODIFIED FI A 
If oxy-genates or If oxygenates 
not present present 

L.. ... .. . I--. 
- -

GAS CBROMA.TOGRAPHY GAS CRROMAroGRAPliY 
Chromatograms of diluted Chromatogrmas of diluted 
solvent 1n carbon disu1!ide solvent 1n carb·on disulfide 

Stra'l'RACTIVE TEOINIQUE SUBTRACTIVE 'l!cmtIQUE 
SuJ.fonation acid treatment l. 85% sul:t'uric acid treatment 
to eliminate olefins and to el1m1nate. ox:y-genates 
aro:na.tics. specifically; 

2. Sulfon&tion acid treatment 
to eliminate oletins, aroma-
tics and oxygenates. 

GAS CHROMATOGRAPHY GAS CHROMA.'l'OGRAPHY 
Cbroma.tograz:s of treated Chromatograms ot treated 
samples to identity and samples to identity and 
quantitate olefins and quantitate oletins, 
aromatics. aromatics, and o~genates. 

' 

DETERMINATION OF COMPLIAJfCE 

l. It olefin content over 5% V/V or, 
2. If aromatic• vith 8 or more carbons per 

molecule excluding ethylbenzene over 
'8% V/V or, 

3. It any combination or etbylbenzene, 
toluene, branched ketanes and trichloro-
ethylene over 20% V/V or, 

4. If any cambination or the above over 20% 
V/V, no further analysis is required. 

FIG, III-! 



ANALYTICAL SCHEME FOR COATIIlGS 

I C O A T I N G I 
'WATER LAYER I 

DETERMINE 
TO'!'AL VOLATILES - ·-

ISTEAM DISTILL t-
IHYDROCARBON LAYER I 

I 
GAS CHROMATOGRAPHY 

l. Determine total ox:,ge-
nates present 

2 Identi:t',Y and quantify 
oxygenates 

No I Cncygenate 
:>x:,ge:1&tes I present·-F ·I- A HOjllFIED FI A 

It ox;,genates It oxygenates 
not present present 

I 

I I 

GAS Cl!ROMATOGRAPHY GAS CKROMATOGRAPEY 
Chromatograms or diluted Chromatograms or diluted 
solvent in carbon disulfide solvent in ca.rbon disulfide 

SIIE!B ~ l""T'T:l! ~ct.lII~IT'C' SUBTRACTIVE TECHNISUE 
Sul!onation acid treat:nent l. 85% sulfuric acid tre~tment 
to eliminate ole!ins a.:d. to eliminate oxygenates 
aromatics. speeitica.lly; 

2. Sultonation acid treatment 
to elimiMte oletins, 
aromatics and oxygenates. 

G~ CHRQMATQQf.Afl:a GAS CRROMATOGBA:1:lJr! 
Chromatograms ot treated Chromatograms ot treated 
samples to identity and samples to identity and 
quantitate oletins and quantitate olet'ins, 
aromatics. aromatics and ox;ygenates. 

. -

nETERJIII.I1Ancri: CE CCMPLT Alic: 
l. I! olefin content over 5% V/V or, 
2. It aromatics vith 8 or more carbons per 

molecule excluding ethy'lbenzene over 
8% V/V or, 

3, It any combination ot ethylbenzene, 
toluene, brancced ketones and trichloro-
ethylene over 20% V/V or, 

4. It uiy :am.binatioa ot the above over 20% 
V/V , no tu..-the:- -.zlalysis is required. 

FIG. 111-2 
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LAB 10 

REF: Regs. 9-1-304 
10-2-501.2 

DETERMINATION OF SULFUR IN FUEL OIL 

1. PRINCIPLE 

The fuel oil sample is oxidized by combustion in a Schoniger 

Oxygen Combustion Flask. The sulfur dioxide formed during the 

combustion is absorbed 1n a dilute solution of sodium hydroxide 

containing hydrogen peroxide. The formed sulfate 1n the sodium 

hydroxide solution is filtered, if necessary and determined 

turbidimetrically as barium sulfate. 

2. APPARATUS 

2.1 Sch~niger Oxygen Combustion Flask, 1 liter, available 

from A. Thomas Co., Philadelphia, Pa. 

2.2 Filter paper carrier for 2.1, available from A. Thomas 

Co., Philadelphia, Pa. 

2.3 Special Filter paper for 2.2, available from A. Thomas 

Co., Philadelphia, Pa. 

2.4 Special screw· clamp to attach 2.2 to 2.1, available 

~om A. Thomas Co., Philadelphia, Pa.' 

2.5 Safety Oxygen Flask Igniter, Thomas-Ogg Model 11, 

~~ailable from A. Thomas Co., Philadelphia, Pa. 

2.6 Spectrophotometer 

2.7 Analytical balance 

2.8 25 ml graduated test tubes 



3. REAGENTS 

3.1 Cylinder Oxygen, U.S.P. grade 

3.2 Sodiw:i Hydroxide (0.05 N). Dissolve 2 g of sodium 

hydroxide 1n distilled water and dilute to l liter. 

3.3 30% Hydrogen Peroxide 

3.4 HCl (6 N). Dilute concentrated hydrochloric acid 1:1 

with distilled water. 

3.5 Sulfa Ver IV Pillows, Cat. No. 12065-00 available 

from Hach Chemical Co., Ames, Iowa. 

4. ANALYTICAL PROCEDURE 

4.1 Place 20 ml of 0.05 N NaOH and 5 drops of 30% H2O2 in 

the Schoniger Oxygen Combustion Flask. 

4.2 Weigh a sample of fuel oil directly onto a tared special 

filter paper, adding the oil dropw!se from a capillary pipet. 

Record the weight of the oil. The weight of the sample required 

depends on the sulfur content of the fuel oil. As a general guide, 

for samples containing 5 to 10% sulfur a 10 to 15 mg sample is taken; 

for 2 to 5% sulfur 15 to 30 mg; fer 0.5 to 2% sulfur 30 to 40 mg; 

for 0.1 to 0.5% sulfur 40 to 50 mg; for samples containing less 

than 0.1% 60 to 70 mg. The maximum weight of oil which may be taken 

is in the 60 to 70 mg range using one liter combustion flask. 

Larger weights will result in incomplete combustion, evidenced 

by soot formation during the burning or the sample. 

4.3 Fold the tilter paper containing the fuel o!l sample 

and attach !t to the filter paper carrier (2.2). 

4.4 The Schoniger flask is then thoroughly flushed with 

oxygen. 
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4.5 Quickly insert the filter paper carrier in the com

bustion flask and attach the screw clamp and tighten. Place the 

flask 1n the safety igniter and position so that the filter 

paper will be 1n line with the infra-red beam. Push igniter 

button until the filter paper ignites. 

Alternately, the ignition may be performed manually as 

follows (however, the automatic ignition is preferred) with a 

match ignite the tip or the filter paper. Quickly insert the 

filter paper carrier into the combustion flask, holding it 

securely against the flask as considerable pressure builds up 

during the combustion. Invert the flask while combustion takes 

place. After combustion has ceased shake the flask vigorously. 

After a few moments,the flask pressure will reduce to a partial 

vacuum; then set the flask aside. 

4.6 After combustion is complete, allow the sample to 

stand 10 to 15 minutes to permit complete absorption of sulfur 

cioxide and then shake vigorously. If combustion is incomplete 

(large amount of soot f~rmed) sample must be re-run. 

4.7 Filter,if necessary,and pipette a 10 ml aliquot of 

the filtrate into a 25 ml graduated test tube. 

~.8 Make up volume to 19 ml with distilled water. Add 

1 ml or 6 N HCl and the contents of a Sulfa Ver IV pillow. 

~-9 Cover the test tub~ with paraf1lm and invert several 

times to mix thoroughly and dissolve the reagent. 

~.10 Read after 10 minutes at 500 nm using 25 mm cuvett.!s. 

Determine the ~gm sulfate in the aliquot from the standard curve 

prepared in Section 5. 
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4.11 Run a blank and standards with each sample. 

5. STANDARD CURVE 

5.1 Standard·Stock·Sulfate S~lution. · ·Weigh an~ transfer 0:1480 

g ·or dry sodium··suirate to a l lite:-· flask. Dissolve and dilute to 

mark with distilled water. This solution contains 100 micro-

grams of sulfate per ml. 

5.2. Prepare a standard curve trom the 100 µgm/ml standard 

sulfate solution by pipetting respectively o, 2, 4; 6, 8, and 10 

ml into a series of 25 ml graduated test tubes. 

5.3 Make up to 19 ml with distilled water. Add l ml 6 N 

hydrochloric acid and the contents of a Sulfa Ver rv pillow. 

5.4 Cover the test tube with paraf1lm and invert several 

times to mix. 

5.5 Read after 10 minutes at 500 nm using 25 mm cuvettes. 

Plot% trahsmittance vs. concentratio~ on semi-log graph paper. 

The sta."ldard curve is non-linear 1n the 0 to 400 micrograms range. 

6. _CALCU!,!T~QN~ 

{µgm from St_andard curve) ( 2-a ml) C 3 2)
Total mg sulfur• 

{l000){ml al!quot)·-(96) 

Whe:-e : 32 • the mol. wt • of"·":sulfur 
96 -~ the mol. wt. or '&Ulfate 

,.. 

Total mg Sulfur 
% 100j Sulfur• 

Wt. or Sample {mg) 

7 • REFERENCE 

7.1 Levagg1, D.A., Feldstein, M., "A Rapid Method for the 

Determination of Sulfur 1n Fuel 011 by the Schoniger Flask 

Method," J. Air Poll. Cont. Assoc. ll, 380, 1963. 
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LAB 11 

RE~· Regs. 9-1-302, 9-1-304.3, 
9-1-305 to 9-1-310,

10-1-301 

DETERMINATION OF SULFUR DIOXIDE IN EFFLUENTS 

1. PRINCIPLE 

The sulfur dioxide is absorbed and reacted with a 3% hydro

gen peroxide solution forming sulfuric acid. The resultant 

sulfuric acid is determined by either titration with standard 

sodium hydroxide or by a barium sulfate turbidimetric procedure. 

~~e titration method should not be used if other acidic or basic 

gases are known to be present in the effluent gas, but may be used 

~~en sa.~pling sulfur recovery plants and sulfuric acid plants. 

2. APPARATUS 

2.1 Buret, Oto 50 ml 

2.2 Spectrophotometer with 25 mm cuvettes 

2.3 Graduated 25 ml test tubes 

3. REAGENTS 

3.1 Standard Sodium Hydroxide Solution (0.1 N). Dissolve 4.0 g of 

sod!urr. hydroxide pellets in 150 ml of distilled water and dilute 

to 1 liter. Determine normality of the solution within ±0.0003 N 

~Y standardization against potassium acid phthalate using 

phenol~httalein 1.~dicator (6.1). 

3.2 Bromcresol Green Indicator. Mix 0.1 g of bromcresol 

green in a mortar with 14.3 ml of 0.01 N sodium hy.droxide. Dilute 

to 250 ml with distilled water. 

3.3 Precipitating Reagent. Sulfa Ver IV Pillows, Cat. 

No. 12065-00 obtainable from the Hach Chemical Company, Ames, Iowa. 
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3.4 Hydrochloric Acid (6 N). Dilute concentrated hydro

chloric acid l:l with distilled water. 

3.5 Phenolphthalein Indicator (0.05%). Dissolve 50 mg 

phenolphthalein 1n 50 ml of ethanol and add 50 ml or distilled water. 

3.6 Standard Sulfate Solution. Weigh 0.1480 g or anhydrous 

sodium sulfate and transfer to al liter volumetric flask. 

Dissolve and bring to volume with distilled water. This solution 

contains 100 micrograms or sulfate per ml or solution. 

4. AN~LYTICA~ PROCEDtL_R! 

4.1 Measure and record the total liquid volume or the 

impingers. Quantitatively transfer a 50. 0 ml aliquot to. a 250 ml 

Erlenmeyer flask. 

~.2 Bring each tlask to a boil, cool to room temperature 

and add 4 ml or the .brom~r~l green indicator solution. Titrate 

to the blue color end point using the standard sodium hydroxide 

solution. 

4.3 Calculations 

mg s02 • (Total Imp. Vol) x N x V(NaOH) x 32 

Aliquot Vol 

Where: 32 • the equivalent weight of 
sulfur dioxide 

Total mg S02 • mg so2 1st Imp.+ mg S02 2nd Imp. 

5. ALTERNATE ANALYTICAL PROCEOORE (TURBIDIMETRIC METHOD) 

S.l Measure and record the total liquid volume in each 

impinger. 

5.2 Transfer an aliquot of sample containing 200 to 1000 ~gm 

of sulfate to a graduated 25 ml test tube and dilute to the 20 ml 

mark with distilled water. 

5.3 To another series of test tubes add 0, 200, 500 and 

1000 micrograms of the sulfate standard (3.6) and dilute to 20 
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ml with distilled water. 

5.2 To the sample and standards add 1.0 ml or 6 N hydro

chloric acid and the content or a Sulfa Ver IV pillow. Bring 

volume to 25.0 ml with.distilled water. Stopper and shake sufficient

ly to dissolve all the Sulfa Ver pillow reagents. Let stand.for 

ten minutes and take readings at 500 nm using the O standard to 

set 100% transmission. Use 25 mm cuvettes. Plot% transmittance 

vs. concentration, using semi-log graph paper. The· .standard curve 

is non-linear in the Oto 400 ~gm range. Use this plot to 

determine the sulfate concentration in the sample runs. 

5.3 Calculation 

mg 502 • (Total Imp. Vol)(Micrograms so; from Std curve) x ~ 

Aliquot Vol x 1000 96 

Where: 64 c the mol. wt. of sulfur dioxide 
96 c the mol. wt. or sulfate 

../ 

Total mg S02 • mg S02 1st Imp.+ mg S02 2nd Imp. 

6. PREPARAf'!.Q!LOF STANDAR.P_SODI~ HYDRO~D~ so~~;tON 

6.1 Standardize the prepared sodium hydroxide solution (3.1) 

~1th potassium acid phthalate (KHC5H404) using phenolphthalein 

1nc1cator. Run in triplicate. 

N NaOP. • Wt or Potassium Acid Pbthalate 

(0.2042) x (ml NaOH) 

Where: 0.2042 • the gms/meqv~ or potassium acid phthalate 

7. REFERENCES 

7.1 Jacobs, M.B~, "Chemical Analysis or Pollutants," 

Interscience Publishers Inc, New York, 1960. 

7.2 Levagg1, D.A., et al, "An Integrated Manual Imp1nger 

Method for the Simuitaneous Determination or Nitrogen Oxides a.~d ... 
Sulfur Oxides in Source Effluents," J. Au- Poll. Cont. Assoc. 1 

.£§., 783, 1976. 60 
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LAB 12 

REF: Regs. 6-320, 6-330, 
9-1-302, 9-1-304.3, 
9-1-305 to 9-1-310, 

10-1-301, 10-6-301, 
12-6-301 

DETERMINATION OF SULFUR DIOXIDE, SULFUR TRIOXIDE, AND SULFURIC 
ACID MIST IN EFFLUENTS 

1. PRINCIPLE 

In a single extractive sampling system, sulfuric acid mist 

is trapped on a quartz wool probe extracted with distilled water 

and titrated with a standard sodium hydroxide solution. Sulfur 

trioxide is absorbed in an impinger conta!ning 80% isopropyl 

alcohol followed by a backup filter. The formed sulfuric acid is 

titrated with a standard barium chloride solution using thorin 

indicator. The sulfur dioxide is absorbed in 3% hydrogen peroxide 

and the formed sulfuric acid is determined by titration with 

standard sodium hydroxide solution (applicable to sulfur recovery 

units and sulfuric acid plants). An alternate turbidimetric 

barium sulfate procedure can be used when other acids or bases 

are known or suspected to be present 1n the effluent gas. 

2. APPARATUS 

2.1 pH meter 

2.2 Burets, 0 to 5 ml and Oto 50 ml 

2.3 Spectrophotometer with 25 mm cuvettes 

2.4 Graduated 25 ml test tubes 

3. REAGENTS 

3.1 Standard Sodium Hydroxide Solution (0.1 N). Dissolve 

4.0 g or sodium hydroxide pellets in distilled water and dilute to 

1 liter. Standardize to ±0.0003 N, using an acceptable method. 
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3.2 Bromcresol Green Indicator. Mix 0.1 g of bromcresol 

green 1n a mortar with l~.3 ml of 0.01 N sodium hydroxide. 

Dilute to 250 ml with distilled water. 

3.3 Precipitating Reagent. Sulfa Ver IV Pillows,· Cat. No. 

12065-00, available. from Hach Chemical Company, Ames, Iowa. 

3-~ Hydrochloric Acid (6 N). Dilute concentrated hydro

chloric acid l:l with distilled water. 

3.5 80% Isopropyl Alcohol {Peroxide free). Add 200 ml or 

distilled water to Boo ml of 1sopropyl alcohol. 

3.5.1 Test for peroxide 1n 80% isopropyl alcohol. Place 50 

ml of 80% isopropyl alcohol in a 250 ml Erlenmeyer flask. Add 1 

ml of concentrated sulfuric acid, l ml of 10% potassium iodide 

solution and swirl. Any yellow color indicates the present of 

peroxide. 

3.6 Standard Bar!um Chloride Solution {0.100 N). Dissolve 

6 .1000 g of baritl!ll chlcz·!.de dihydrate in a 500 ml volumetric 

flask containing 250 ml of distilled water. Add approximately 200 
rr:l cf 100% isopropyl alcohol and bring to volume with distilled 

water. Store in a tightly capped bottle. One ml of this solution 

is equivalent to ~.0 mg of sulfur trioxide. 

3.7 Thorin Indicator ({0-L2-hydroxy-3, 6 disulfo-1 naph-

thyl) -azrJ benzenearsonic ~cid dis~dium salt). Dissolve 0.2 g 

in 100 ml of distilled water. 

3.8 Standard Sulfate Solution. Weigh 0.1480 g of anhy

drous sod~ sulfate and transfer to a liter volumetric flask. 

Dissolve and bring to volume with distilled water. This solution 

contains 100 micrograms of sulfate per ml of solution. 
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4. ANALYTICAL PROCEDURES ·-- ··•·-- - --
4.1 Determination or Sulfuric Acid Mist • 

• 4.1.l Remove the quart; wool trom the glass probe and trans

fer to a 500 ml beaker. Add 200 ml or distilled water, mix well 

and soak with occasional swirling tor at least 2 hours. 

4.1.2 Take a 50 ml aliquot, ad~ 4 ml or bto~reso1.;-~een

indicator and -ti-trate to a blue cO"lor endpoint using the standard 

sodium hydro~1d~ solution. 

4.1.3 Calculation: 

Total mg H2so·4 • (ml or NaOH) x (N or NaOH) x 49 x 4 ml 

Where: 49 • the equivalent wt. of sulfuric acid 
- --··--···--

4.2 Determination or Sulfur Trioxide 

4.2.l The a.~alysis should be performed within tour hours 

'- after sample collection. If a delay is anticipated, sal:lple should 

be refrigerated until the analysis can be performed. 

4.2.2 Th~ first 80% isopropyl alcohol impinger content 

is transferred to a 250 beaker. The backup filter is added, mixed, 

and allowed to soak in the beaker for approximately one hour. The 

contents are then decanted into a 250 ml volumetric flask. The 

remaining filter is washed consecutively with 80% isopropyl alcohol 

and the washings added to the volumetric flask. Make up to the 

mark with 80% isopropyl alcohol. Take a 25.0 ml aliquot and 

transfer 1t to a 125 ml Erlenmeyer tlask. Adjust the pH to 3.0 

with 1:4 perchloric acid. Add 2 drops or Thorin indicator and 

titrate using standard barium .chloride (using a Oto 5 ml micro-

buret) to a salmon pink endpoint. . ,.,. 
The second 80% isopropyl alcohol 1mp1nger 1s treated the 

same as 1n 4.2.2. 
63 
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4.2.3 Calculation 

Net Titer (1st Imp.+ Filter - 2nd Imp) x 4.0 x 250 ml 
Total mg SO3 • 

25 ml aliquot 

Where 4.0 • the mg sulfur trioxide per ml of titrant 

4.2.3.1 The second impinger is regarded as a blank since 

some so2 may be oxidized to SO3 when sampling sources which .have 

high concentrations or SO2· 

4.3 Determination or Sulfur Dioxide 

4.3.1 In the absence of other acids or bases in the sample, 

~easure accurately the total liquid volume in each hydrogen peroxide 

imp1nger. Transfer a 50.0 ml aliquot from each 1mpinger into a 

separate 250 ml "Erlenmeyer flask and bring to a boil. Cool to room 

temperature, add 4 ml of bromcresol green indicator and titrate 

with standard sodium hydroxide solution to blue color endpoint. 

4.3.2 Calculations 

mg SO2 s (Total Imp. Vol) x (Nor NaOH) x (ml (NaOH) (32) 

Aliquot Vol 

Where 32 • the equivalent wt. of sulfur dioxide 

Totao mg sO2 • mg sO2 1st Imp.+ mg sO2 2nd Imp. 

4.3.3 Alternative Analytical Procedure (Turbidimetric Method) 

4.3.3.1 Measure accurately the total liquid volume in each 

impinger and transfer an aliquot of .the sample conta1n1ng 200 to 

1000 micrograms of sulfate to a graduated 25 ml test tube. 

4.3.3.2 To another series or tubes add 0, 200, 500 and 1000 

lJ.gm of the sulfate standard,_. ( 3. 8). 

4.3.3.3 To the samples and standards add l ml of 6 N -hydrochloric acid and dilute to 25.0 ml with distilled water. 



4.3.3.4 Add the contents of one Sulfa Ver pillow, stopper 

and shake to dissolve the pillow reagents. 

4.3.3.5 Let stand for ten minutes and take readings at 

500 nm with 25 mm cuvettes using the 0 ~gm standard to set the 

spectrophotometer at 100% T. The standard curve is non-linear 

in the - to 400 ~gm range. 

4.3.3.6 Calculations 

(Total Imp. Vol) (Micrograms SO4 from Std Curve) x §.;!_ 
96Aliquot Vol x 1000 

Where 64 • the mol. wt. of sulfur dioxide 
96 • the mol. wt. of sulfate 

Total mg S02 • mg s02 1st Imp.+ mg SO2 2nd Imp. 

5. REFERENCES 

5.1 Shell Developrnent Co., Analytical Dept., "Determination 

of Sulfur Dioxide and Sulfur Trioxide in Stack Gases. 

Emeryville Method Series 4516/59a. 

5.2 Flint, D., "A Method for the Determination of Samll 

Concentrations of Sulfur Trioxide in the Presence of Higher 

Concentrations of Sulfur Dioxide", J. Soc. Chem. Inc. 

(British) 67, 2, 1948. 
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LAB 13 

P£F: Regs. 8-1-206, 8-5-101, 
8-6-206, 8-18-111, 

10-9-301, 10-9-302 
DETERMINATION OF THE REID VAPOR PRESSURE OF PETROLEUM PRODUCTS 

1. PRINCIPLE 

This method provides for air partial saturation or petro

leum products with a Reid vapor pressure below 26 lb using a 

Reid Vapor Pressure Bomb. The gasoline chamber portion of the 

vapor pressure apparatus is filled with a chilled sample and 

connected to the air chamber. The apparatus is immersed in a 

constant temperature bath (100 ±0.2°F) and shaken periodically, 

until equilibrium is reached. 

2. APPARATUS-

2.1 Refrigerator or Freezer --., 
2.2 Reid Vapor Pressure Bomb. This unit is equipped with 

a 4 1~ •• Oto 15 psig gauge (Fig. ~II-6). 

2.3 Constant temperature water bath (100 ~0.20F) 

3. ANALYTICAL PROCEDURE 

3.1 Handling or Sample 

3.1.1 The size or the sample container used 1n taking the 

sample shall not be less than 1 quart nor more than 1 gallon. 

The container shall be a solvent can, with a 1 3/4 in. lid opening, 

and filled to approximately 90% capacity. 

3.1.2 In all cases after a sample has been taken, the con-. 

tainer shall not be opened unless it has been cooled t~ <320F. 

3.1.3 Samples shall be put 1n ice as soon as taken, and 

transferred to the laboratory for immediate storage in the refri -gerator, and stored there until the tests have been completed. 
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Samples in leaky containers shall not be considered for tests 

but shall be discarded and new samples taken. 

3.2 Preparation tor Test 

3.2.1 Air Saturation of Sample in Sample Container -

Remove the sample container from the refrigerator, unseal it 

examine it for its liquid content, which shall be approximately 

90 percent of the container capacity. After the liquid content 

has been assured, reseal the container, shake vigorously and 

and return it to the refrigerator. 

3.2.2 Preparation of the Gasoline Chamber - Place the open 

gasoline chamber and the sample transfer connection into the 

refrigerator for sufficient time to allow the chamber and connect

ion to reach temperature (32°F to 40°F). 

3.2.3 Preparation of Air Chamber (lOOOF Procedure) -

After rinsing and purging the air chamber, connect the gauge-to 

the air chamber. Immerse the air chamber to at least 1 in. above 

its top in the water bath maintained at 100 :0.20F for not less 

than 10 minutes just before coupling it to the gasoline chamber. 

Do not remove the air chamber from the bath until the gasoline 

chambe~ has been filled as described in Section 3.3. 

3.3 Sample Transfer - With all in readiness, remove the 

chilled sample from the refrigerator, uncap it and insert the 

chilled transfer connection and air tube (Fig. III-5). 

Then place the empty chilled gasoline chamber over the sample 

delivery tube of the transfer connection. Invert the entire 

system rapidly so that the gasoline chamber is finally in an up

right position with the delivery tube extending to within 1/4 in. 
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of the bottom of the gasoline chamber. Fill the gasoline chamber 

to overflowing. Lightly tap the sasoline chamber against the 

work bench to insure that the sample is tree of air bubbles. If 

any sample is displaced, refill the chamber to overflowing. 

3.3.1 Assembly of Apparatus - Without delay and as quickly 

as possible, attach the air chamber to the gasoline chamber. 

3.3.2 Introduction of Apparatus to Bath - Turn the assembled 

vapor pressure apparatus upside down to allow the sample in the 

gasoline chamber to run into the air chamber and shake vigorously 

in a direction parallel to the length of the apparatus. Immerse 

the assembled apparatus into the bath, maintained at 100 %0.2°F, 

in an inclined position so that the connection or the gasoline 

a.~d air chamber is below the water level and may be observed close

ly for leaks. If no leaks are observed, immerse the apparatus to 

at least 1 in. above the top of the air chamber. Observe the 

apparatus for leaks throughout the test. If a leak is detected, 

discard the test. 

3. 3.3 Measurement .of Vapor Pressure - After the assembled 

vapor pressure apparatus has been immersed in the bath for 5 

minutes, tap the pressure gauge lightly and record the reading. 

Withdraw the apparatus from the bath, invert it, shake it vigorous

ly and immediately place back in the· bath. At intervals 

of about 10 minutes, repeat this agitation and gauge observation 

at least five times, until the last two gauge readings are constant. 

These operations normally require 60 to 90 minutes. Read the fjnal 

gauge pressure to the nearest 0.05 psig for gauges with intermediate 

graduations of 0.1 psig and to the nearest 0.1 psig for gauges with 
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_graduation of 0.2 to 0.5 psig. The value obtained is the Reid 

Vapor Pressure or the sample under test. 

4. A nomograph Figs. III-7 and III-8) is used to convert 

Reid Vapor Pressure to true vapor pressure (See Reference 4.2). 

4. REFERENCES 

4.1 Vapor Pressure of Petroleum Products (Reid Method) 

ASTM designation D-323-72, Book 23 ASTM Petroleum Products (1977). 

4.2 Nomograph of Petroleum Products Vapor Pressure. 

Air Pollution Eng~neering Manual, 2nd Ed., AP40, 635-636. 
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LAB 14 

REF: Reg. 7-303 

DETERMINATION OF TRIMETHYLAMINE IN EFFLUENTS 

l. PRINCIPLE 

The trimethylamine is absorbed and converted to the stable 

hydrochloride salt in dilute hydrochloric acid solution. The 

trimethylamine is regenerated by addition of sodium hydroxide 

and determined by gas chromatography using flame ionization 

detection. 
• 

2 • APPARATUS 

2.1 Gas Chromatograph. This unit equipped with a flame 

ionization detector,must be capable or detecting 2 µgm/ml of tri

methylamine with a peak height of at least 3 times the noise level. 

2.1.1 A glass 4 1 x 1/8" analytical column is used, contain

ing 15% Dowfax 9N9 + 7.5% TEPA on Chromosorb W 60/80 mesh. The 

material is .prepared, packed and conditioned employing standard 

techniques. 

2.2 10 µl syringe 

2.3 Injection port fitted with a glass sleeve 

3. REAGENTS 

3.1 Hydrochloric Acid (O.l N). Add 8.4 ml or concentrated 

hydrochloric acid to 500 ml distilled water and dilute to 1 liter. 

3.2 Sodium Hydroxide Solution (1 N). Dissolve 40 g of 

sodium hydroxide pellets in 500 ml or distilled water and dilute 

to 1 liter. 

3.3 Litmus Paper - Red 
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4. ANALYTI~AL PROCEDURE 

4.1 Measure and record the total liquid volume of the 

impingers. If samples are to be analyzed within 3 days proceed as 

in ~.2 to 4.4. If analysis is delayed keep samples refrigerated. 

4.2 Transfer a 9.0 ml aliquot or the sample to a 25 ml 

graduated test tube. Add 1 ml of 1 N sodium hydroxide, sufficient 

to make the solution basic. Cover the test tube with parafilm; 

invert and mix well. Check to insure the sample is basic with 
• 

pH paper. 

4.3 Inject a 2 ~l sample into the gas chromatograph in

jection port. The operating parameters are: column temperature 
- ..-..750c; detector temperature 2000c; injection port temperature 160°c; 

carrier gas 40 ml/min; hydrogen 20 ml/min and air 250 to 300 ml/min. 

4.4 Using peak heights, calculate.the tr1methylam1ne 

concentration compared to the peak heights of the standard solu-

tions of tr1methylam1ne. 

5.1 Standard Stock Amine Solution. To a 1 liter volumetric 

flask, add 0.1691 g of trimethylam:1.ne hydrochloride salt, 

dissolve and bring to volume with 0.1 N hydrochloric acid. This 

standard solution contains 100 ~gm tr1methylam1ne/ml. 

5.2 Working Standard Solution. Dilute the standard stock 

solution with O.l N hydrochloric acid to make working standards 

containing 2, 5 and 10 1,1gm tr1methylam1ne/ml. These.standards are 

processed in the same manner as the samples described in Section 4.1. 
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6. CALCULATION 

(~gm in sample)(Total vol of impinger)
PPM TMA (VIV) • 

(Aliquot or sample) (2.4) (Sample vol in liters) 

Where 2.4 • the ~gm in l ~1 of tr1methylam1ne at 
25°c and 760 mm Hg 

7. REFERENCES 

7.1 Di Corcia A., et al. "Gas Chromatographic Determination 

at the Part per Million Level of Aliphatic Amines in Aqueous 

Solution", Anal. Chem. ~, 977, 1974. 
. 

7.2 Levagg1, D.A., Feldstein, M., "Determination of Phenols 

and Trimethylam1ne in Industrial Effluentsn, AIAA Library 

No. 71-115, 750 3rd Ave., New York, N.Y. 10017. 
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LAB 15 

STANDARDIZATION OF CARBON DIOXIDE CALIBRATION GAS 

1. RATIONALE 

Carbon dioxide standards used tor calibrating source test 

instrumentation must be checked periodically for accuracy and 

quality assurance purposes. 

2. PRINCIPLE 

The carbon dioxide gas is absorbed by Ascarite and the in

crease in weight of the absorbent is determined gravimetrically. 

The carbon dioxide gas must first pass through Drierite to remove 

water vapor, which would otherwise interfere with the determination. 

3. APPARATUS 

3.1 Analytical balance 

3.2 Schwartz Absorption Combustion Tubes. These tubes are 

available from Kontes Glass Co. (Cat. No. KB91250). The tubes 

are filled with the appropriate material and plugged at each end 

with glass wool. 

3.3 Wet Test Meter (readout in liters) 
\ 

3.4 Rotameter Oto l liter/min range 

3.5 Two Stage Regulator, with a controlling valve 

4. REAGENTS 

4.1 Anhydrone 

4.2 Ascarite 

4.3 Drierite (8 to 14 mesh) 

5. :A,NALYTJ;_CAL PROCEDURE 

5.1 Assemble the sampling train as shown in Figure III-9. 

The train consists or 2 U-shaped Schwartz Combustion absorption 
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tubes attached to the carbon dioxide standard cyl~nder equipped 

with a 2 stage regulator and controlling valve. The first 

absorption tube contains Drierite to remove water vapor which 

may be present in the cylinder gas. The inlet of the second 

absorption tube contains Ascarite and the other halt Anhydrone, 

(separated by a glass wool plug) to remove respectively the carbon 

dioxide, and any water formed during the collection reaction. 

5.2 Prior to the analysis, flush the entire sampling train 

with approximately 2 liters of the calibration gas. 

5.3 Disconnect the Ascarite-Anhydrone tube from the sample 

train and carefully weigh with an analytical balance. Record the 

weight (W1). Reconnect the Ascarite-Anhydrone tube to the 

sampling train. 

5.4 Record the wet test meter reading (M1). The cylinder 

controlling valve is slowly opened, and using the rotometer as 

a guide, the flow is adjusted as rapidly as possible to 0.5 to 

1 liter per minute. 

5.5 The volume of sample depends on the concentration or 

carbon dioxide in the sample. The gain in weight of the Ascarite

Anhydrone tube should be at least 20 mg. As a guide, 1000 ppm 

carbon dioxide should have a sample size of about 10 liters. 

5.6 After sufficient sample has been collected, close the 

controlling valve. The Ascarite-Anhydrone tube is disconnected 

and again carefully weighed (W2). The final wet test meter 

reading is then recorded (M2). 
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5.7 At least two determinations are to be made and 

must agree to within ±5% of the mean. 

6. CALCULATION 

1 mg carbon dioxide per liter is equal to 556 ppm 

PPM CO2 c (W2 - W1) (556) 

(M2 ~ M1) 

7. REFERENCE 

7.1 Textbook of Quantitative Inorganic Analysis, 

Kolthoff and Sandell, 3rd Ed. 1952, MacMillan, N.Y. 
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LAB 16 

STANDARDIZATION OF CARBON MONOXIDE CALIBRATION GAS 

1. RATIONALE 

Carbon monoxide standards used ~o calibrate source test 

instrumentation I:1Ust be checked periodically for accuracy and 

quality assurance purposes. 

2. PRINCIPLE 

Carbon monoxide calibration gas is oxidized to carbon 

dioxide by use of Hopcal1te catalyst. The formed carbon dioxide 

is absorbed by the A~carite and is determined grav1metr1cally. 

Any water vapor and carbon dioxide 1n the sample must be removed 

prier to the Hopcal1te catalyst. 

3. APPARATUS 

3.1 Analytical balance 

3.2 Rotameter, Oto l liter range 

3.3 Wet Test Meter (readout in liters) 

3.4 Two stage regulator, with a controlling valve 

3.5 Schwartz Absorption Combustion Tubes. These tubes 

are available from Kontes Glass Co. (Cat. No. K891250). The 

tubes are filled with the appropriate material and plugged at 

each end with glass wool. 

3.6 Boiling water bath 

3.7 Hopcalite U-trap. This trap is constructed of 7 to 10 

mm ID borosilicate glass and 1s approximately 20 cm in length. 

The trap is filled with 3 to 6 g of Hopcalite and plugged 

at each end with glass wool. The trap should be fitted with 

spherical joints for ease of assembling and disassembling. 
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4. REAGENTS 

4.1 Anhydrone 

4.2 Ascarite 

4.3 Hopcalite, Active (4 to 20 mesh, available from the 

Mine Safety Appliance Co.) 

4.4 Drierite (8 to 14 mesh) 

5. ANALYTICAL PROCEDURE 

5.1 Assemble a sampling train as shown in Figure III-10. The 

train consists of a Drier!te trap to remove moisturej an Ascarite 

trap to remove carbon dioxidej Hopcalite trap, immersed in boiling 

water bath, a Drierite trap to remove the generated moisture and 

a final Ascarite-Anhydrone trap to collect the carbon dioxide 

formed in the oxidation process. A wet test meter and a rota-

'-' meter complete the train. 

5.2 The Hopcalite catalyst must be conditioned prior to 

each determination. This is accomplished by disconnecting the 

sampling train after the Hopcalite trap and allowing approximately 

15 liters of the calibration gas to pass through at approximately 

0.5.liter/min with the Hopcalite trap immersed in the boiling 

water bath. 

5.3 While conditioning the Hopcalite catalyst, carefully 

weigh the Ascarite-Anhydrone trap with an ~alytical balance. 

Record the weight (W1). 

5.4 After conditioning, reconnect the sampling·train. 

5.5 Record the original wet test meter reading (M1). 

By means of the controlling valve on the 2 stage regulator,adjust 

the flow through the sampling train to approximately 0.5 liter 
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per minute as rapidly as possible using the rota.meter as an 

indicator. The gain in weight or tbe Ascar1te-Anhydrone tube 

should be at least 20 mg. The sample time will depend on the 

concentration or the carbon monoxide 1n the sample. As a guide, 

200 ppm or carbon monoxide should have a sample size or approximate

ly 60 liters. 

5.6 .After sufficient sample has been collected, close the 

controlling valve. The Ascar1te-Anhyd.rc~e tube 1s ~iscoMected 

and again carefully weighed (W2). The final wet test meter 

reading is then recorded (M2). 

5.7 At least two determinations are to be made and 

must agree to within t5% or the mean. 

6. CALCULATIONS 
... • • 4 •• - • 

l mg carbon monoxide per liter 1s equal to 873 ppm 

CW2 - W1) (873) 28PPM CO 1n c3111nder · • _______ :x -
ll4 

Where: 28 • the mol. wt. of carbon monoxide 
44 • the mol. wt. of carbon dioxide 

7 • REFERENCES 

7.1 Feldstein, M., Progress 1n Chemical Toxicology 

Vol. 13, 105-106, 1967 Ed. A Stolman, Academic Press, N.Y. 

7.2 Methods or Air Sampling and Analysis, 2nd Ed. 

Katz, M., American Public Health Assn.,Washington, D.C. 1977. 

.. 
I I 
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LAB 17 

STANDARDIZATION OF HYDROCARBON CALIBRATION GASES 

1. RATIONALE 

Hydrocarbon gas standards used for calibrating source test 

instrumentation must be checked periodically for accuracy and 

quality assurance purposes. These standards usually consists of 

a single hydrocarbon normally meth~e, propane or hexane. 

2. PRINCIPLE 

The hydrocarbon calibration gas concentration is deten:uned 

by preparing two laboratory standards, one higher and one lower than 

the expected cylinder concentration. Gas chromatography is then 

used to determine the cylinder gas concentration by comparison 

wit~ prepared laboratory standards. 

3. APPARATUS 

3.1 Gas Chromatograph. This unit is equipped with a gas 

sampling valve, a flame ionization detector and necessary accessory 

gases. 

3.2 Analytical columns. Any column may be used which is 

capable of resolving the hydrocarbons of interest such as : 

3.2.1 For methane, a 6 rt 1/8" Chromosorb 102, 80 to 100 

mesh column is normally used. 

3.2.2 For propane, a 6 rt 1/8" Chromosorb 102, 80 to 100 

mesh column is normally used. 

3.2.3 For hexane, a 6 rt 1/~" silicone L-~5 on firebrick 

60 to 80 mesh is normally used. 
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3.3 Stainless Steel (SS) Tanks. Use 4 to 34 liter tanks, 

calibrated for volume which have been previously steam cleaned, 

to be hydrocarbon free and fitted with a vacuum-pressure gauge, 

valve and nipple. 

3.4 Syringes. Use 5, 10, and 30 ml calibrated syringes. 

3.5 -Flex Tubing. This tubing must be·able to withsta.~d 

300 lbs line pressure. The tubing is usually 3 to 4 feet long 

and adapted with quick connect fittings to easily connect the SS 

tank to a nitrogen or air cylinder. 

3.6 Test gauges (0 to 60 and~ to 250 psig) 

3.7 Two stage regulator ~1th a controlling valve 

4. REAGENTS 

4.1 Reagent grade lecture bottles of the hydrocarbons of 

interest (99+% purity) 

4.2 Cylinder Nitro~en gas or.air (<l ppm hydrocarbon) 

5. PREPARATION OF LABORATORY STANDARDS 

5.1 Evacuate two hydrocarbon free SS tanks to at least 

a vacuum of 100 mm Hg. Introduce tr.e hydrocarbon gas of interest 

to each evacuated tank by means of a calibrated syringe. The 

amount of hydrocarbon added is pre-determined in each case to 

bracket the nominal concentration ot the cylinder to be standar-

dized (see 5.4). The addition or the pure hydrocarbon is accomplished 

by injecting the hydrocarbon from the syringe through a rubber 

septum placed over the SS tank nipple, and slowly opening the 

valve or the evacuated SS tank. 

5.2 Connect the SS tank to the nitrogen or air cylinder by 

mea~s of the flex tubing. Pressurize the SS tank to an 
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approximate pre-detercined value (see 5.1 and 5.4) using the tank 

pressure gauge as an indicator. 

5.3 Allow the tank to equilibrate for 3 hours. Measure and 

record the pressure accurately with the appropriate test gauge. 

5.4 Calculate the .prepared standard concentration with the 

following formula: 
Vol (cc) of Added Hydrocarbon x 1000 

PPM HC • 
Tank Vol (L) x Total Tanlc Pres~ure (psig + 14.7) 

14.7 psi 
(µl Hexane) (664 µg/µl)PPM Hexane• 
Tank Vol (L) x (Total Tank Pressure (psig + 14.7)(3.52) 

14.7 psi 

Where: 3.52 • the µgm 1n 1 µl or hexane at 25°c 
and 760 mm Hg 

6. STANDARDIZATION OF HYDROCARBON CYLINDER 

6.1 By use of the gas chromatograph gas sampling valve, 

introduce each laboratory ~ydrocarbon gas standard in the gas 

chromatograph and record the peak height of the hydrocarbon. This 

should be repeated a minimum or 5 times for each standard. Obtain 

the ave~age peak height for ea~h standard (individual peak heights 

should not vary by more than 5% of the mean). The peak height to 

concentration ratio of each standard should not exceed 5%. 

6.2 As in 6.1 above, determine the peak height of the 

hydrocarbon calibration gas cylinder. 

7. CALCULATION 

PPM HC 1n cylinder• 
Peak Height Cylinder Gas x·Conc. of 

Standard 
Peak Height of Standard 

Bl 

https://14.7)(3.52


7.1 This calculation is performed using both prepared 

laboratory standards. The cylinder concentration to be reported 

is the average of the two calculations. 

8 • REFERENCE 

8.1 Halzas, I. and Wegner, E.F., Gas Chromatographic 

Separation or Low Boiling Hydrocar.bons. Nature, 21., 189, 1961. 
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LAB 18 

STANDARDIZATION OF HYDROGEN SULFIDE CALIBRATION GAS 

1. RATIONALE 

Hydrogen sulfide standards used for source test instrumenta

tion must be checked periodically for accuracy and quality 

assurance purposes. 

2. PRINCIPLE 

Hydrogen su~fide is absorbed from a gas stream by a solution 

of cadmium sulfate forming a precipitate of cadmium sulfide. The 

collected sulfide is oxidized by an excess of standard iodine 

solution which is back titrated with standard sodium thiosulfate. 

3. APPARATUS 

3.1 Greenburg Smith Impingers 

3.2 Rotameter, Oto 10 liter/min range 

3. 3 Dry Test Meter (readout in cub·1c feet) 

3.4 50 ml burettes 

3.5 Two stage regulator with a controlling valve 

ll • REAGENTS 

~.l Cadmium sulfate solution. Add 11.2 g of anhydrous 

cadmium sulfate to l liter of distilled water. 

~.2 Hydrochloric Acid, (6 N). Dilute concentrated hydro

chloric acid 1:1 with distilled water. 

~-3 Standard Sodium Thiosulfate Solution, (O.l N). 

Dissolve 15.8 g of anhydrous sodium thiosulfate in l liter of 

distilled water. Add lg of sodium carbonate as a preservative. 

Allow to stand for a day before standardizing. 
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4.4 Starch Solution - 1% Indicator. Available from any 

chemical supply house. 

4.5 Iodine Solution (O.l N KI3). Place 12.7 g of reagent 

grade iodine (I2) in a 500 ml beaker, add 40 g of potassium iodide 

and 250 ml of distilled water. Stir periodically. When all the 

iodine is completely dissolved, dilute to approximately 1 liter. 

Keep the solution in a dark glass stoppered bottle and store in 

a cool place. 

4.6 Arsenic Trioxide 

4.7 Sodium Bicarbonate 

4.8 Sodium Hydroxide (1 N). Dissolve 40 g of sodium 

hydroxide pellets in250ml of distilled water and dilute to 1 liter. 

5. SAMPLING PROCEDt.ffi? 

5.1 Add 100 ml of cadmium sulfate solution to each of the 

two Greenburg Smth impingers. Connect the impingers in series, 

the first connected to the standard gas cylinder, the second to a 

dry test meter, followed by a rotameter. All connections are :made 

with teflon tubing. Fig~ III-11 details the sampling t~a!r.. 

5.2 Record the original dry test meter reading (M1). By 

means of the controlling valve on the 2 stage regulator,on the 

cylinder,adjust the flow through the sampling train to approximate

ly 10 liters per minute as rapidly as possible, using the rota

meter as an indicator. The sampling time will depend on the 

concentration of the hydrogen sulfide in the cylinder. As a guide, 

100 ppm hydrogen sulfide should have a sample size of approximate

ly 300 liters. 
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5.3 After sufficient sample has been collected, shut off the 

cont~olling valve. Record the final dry test meter reading (M2), 

and remove the impingers from the sampling train. 

5.4 A minimum of two determinations are to be made and must 

agree to within :5% of the mean. 

6. ANALYTICAL PROCEDURE 

6.1 Quantitatively transfer the solution and precipitate from 

the CdS04 impingers into glass•stoppered 500 ml Erlenmeyer flasks. 

6.2 From;.a 50 ml burette, adq iodine solution rapidly until 

an excess is indicated, record the volume added. 

6,3 Rapidly add 10 ml of 6 N HCl and back titrate with 0.1 N 

sodium thiosulfate solution with constant stirring. When the 

color of the liquid becomes a pale yellow, add 1 ml of starch 

solution and continue the titration until the color changes from ,.......,,_ 

blue to colorless. Record the amount of sodium thiosulfate solution 

used. 

7, CALCULATION 
L(N x V) KI3 - (N x V) Na2S203li x 17 x 10 1 

PPM H2S • 
(1.39) (M2 - M1) (27.3 liters/cubic ft) 

Where: 17 • the equivalent wt. of hydrogen sulfide 

1.39 • the ugm in 1 ui of hydrogen sulfide at 
25°c and 760 mm Hg 

Total PPM H2S • PPM H2S 1st Imp+ PPM H2S 2nd Imp 

8. STANDARDIZATION OF IODINE SOLUTION 

8.1 Weigh three portions (0.2 to 0.25 g ±0.0001 g) of 

arsenic trioxide and transfer them to 250 ml Erlenmeyer flasks. 

Dissolve each in 10 to 20 ml of 1 N sodium hydroxide, and neutralize 

trill just acid with 6 N hydrochloric acid. Add 1 g of sodium 

bicarbonate, and dilute to approximately 100 ml. 
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8.2 Add 2 ml of starch solution indicator and titrate with 

the iodine solution to a blue tint. Record volume or KI3 used. 

8.3 Calculation (Use average of three determinations) 

Wt or arsenic trioxideNormality or KI3 • 
o.4946 x Vol. or n 3 

Where: 0.4946 • the gms/meqv. of arsenic trioxide 

9. §.'.LANDARD~ZAT.!.ON OF ~_ODI"clft THIOSULFATE 

9.1 To two Erlenmeyer flasks containing 50 ml or distilled 

water add exactly 25.0 ml or standard iodine solution. 

9.2 Add 10 ml or 6 N hydrochloric acid and immediately 

titrate with the sodium thiosuflate solution until a pale yellow 

color remains. Add 2 ml or starch solution and resume titration 

until the disappearence of all traces of a blue color. Record 

the volume. 

9.3 Calculation (Use average or two determinations) 

(N XV) Iodine
Normality of -Sodium Th1osulfate 

(V) Sodium Th1osulfate 

10. REFERENCE 

10.1 Jacobs, M.,The Chemical Analysis of Air Pollutants, 

Interscience Publishers Inc., New York, 1960. · 
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LAB 19 

STANDARDIZATION OF NITRIC OXIDE CALIBRATION GAS 

1. RATIONALE 

Nitric oxide standards used for source test instrumentation 

must be checked periodically for accuracy and quality assurance 

purposes. 

2. PRINCIPLE 

The nitric oxide is absorbed ir. alkalir.e permanganate solution 

with Greenburg Smith impingers fitted with semi-fine frits. The 

nitrite and nitrate ions thus formed are determined by first 

converting the nitrite formed during the collection to nitrate. 

The total nitrate is then reduced to nitrite, which is determined 

by a chromatropic acid indicator. 

3. APPARATUS 

3.1 Greenburg Smith Impingers. The impingers are fitted 

with semi-fine frits (70 porosity), available from Ace Glass Cc. 

(Cat. #7201-04) or equivalent. 

3.2 50 ml graduated Erlenmeyer flasks with screw caps 

3-3 Two Stage Regulator with a controlling valve 

3.4 Wet Test Meter (readout in liters) 

3-5 Hot Plate 

3.6 Spectrophotometer 

3.7 Rotameter Oto 1 liter/min range 

4. REAGENTS 

4.1 Absorbing Solution. Dissolve 40 g of K."11104 and 20 g 

NaOH pellets in 400 ml of distilled water and dilute to 1 liter 

87 



with distilled water. 

4.2 Oxalic Acid Solution. Dissolve Bog of oxalic acid 

and dilute to 1 liter with distilled water. 

4.3 Sulfuric Acid (1.0 N). Add 27.6 ml of concentrated 

sulfuric acid to 500 ml of dfstilled water and dilute to 1 liter. 

4.4 Nitrate Reagents. Nitra Ver III (Cat .• #14065) and 

Nitra Ver VI (Cat. 114119) are available from Hach Chemical Co., 

Ames, Iowa. 

5. SAMPLING PROCEDURE 

5.1 The sa~pling train consists of 3 Greenburg SI:lith 

1mpingers modified with semi-fineglass frits, each containing 100 

ml of absorbing solution as shown in Fig.III-12. The impingers are 

connected in series followed by a wet test meter and rotameter. 

The sampling train is connected to the standard gas cylinder by 

means o~ teflon tubing. 

5.2 Record the original wet test meter reading (M1). By 

means of the controlling valve on the 2 stage regulator, adjust the 

flow through the sampling train to approximately 0.5 liter per 

minute as rapidly as possible, using the rotameter as an indicator. 

The sample time will depend on the concentration of the nitric 

oxide in the cylinder. As a guide, 100 ppm of nitric oxide requi~es 

a sample size of approximately 20 liters. 

5.3 After sufficient sample has been collected shut off the 

controlling valve. Record the final wet test meter reading (M2), 

and remove the imp1ngers from the sampling train (Fig. III-12). 

5.4 At least 2 determinationsare to be made and the results 

'-" must agree to within ±5% of the mean. 
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6. ANALYTICAL PROCEDURE 

6.1 Measure and record the liquid volume of each impinger. 

Transfer an aliquot, not to exceed 3.0 ml for analysis,.containing 

Oto 60 ~gm of nitrite. The aliquot may require dilution with 

unreacted absorbing solution or may be used directly. If preferred, 

all three impingers may be combined to form a composite sample, 

thereby requiring only a single analysis. 

6.2 The aliquot taken is transferred to a 5o·m1 Erlenmeyer 

flask fitted with a screw cap. A reagent blank of 2.0 ml is also 

prepared from the absorbing solution which was used for the sampling. 

Acidify with l.O N sulfuric acid, using l ml of acid per ml or 

aliquot. 
/ 

6.3 Heat the sample on a hot plate to 50° to 6ooc, and add 

1 ml of oxalic acid per ml of aliquot, let stand until colorless. 

Should more oxalic acid be required to reduce the permanganate, 

add dropwise so as not to have more than 3 drops in excess. Cool 

to room temperature and dilute to the 30 ml mark with distilled 

water. 

6.~ Add to the sample and the blank, the content of a Nitra 

Ver VI pillow, cap the flask and shake for exactly 5 minutes. 

Allow the sample to stand for 30 seconds and transfer to a graduated 

test tube. Add the content of a Nitra Ver III pillow, cover the 

test tube with parafilm and mix for one minute. Let stand tor 10 

minutes and read the formed pink color at 500 nm,-using a 13 mm 

cuvette, setting the blank at 100% transmittance. Obtain ~gm N02 

in the sample from a standard curve. 
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7. STANDARD CURVE 

7.1 Standard Stock Nitrite Solution. Weigh and transfer 

0.2198 g or potassium nitrate to al liter volumetric flask 

containing 100 ml or distilled water. Dissolve and dilute to the 

mark with distilled water. This standard solution contains 100 

ugm N02 equivalent per ml. 

7.2 Working Standard Nitrite Solution. Dilute the stock 

standard 10:l to make a working standard containing 10 ugm N02 

equivalent per ml. 

7.3 Prepare a series of standards containing 10 to 50 ugm 

of ~o2 1n 50 ml Erlenmeyer flasks. Proceed as in 6.2 to 6.4 to 

develop the color forming reaction. 

7.4 Prepare a standard curve plotting ugm N02 vs% 

transmittance on semi-log graph paper. 

8. CALCULATION 
Total ugro N02 in Impingers 

PPM NO as N02 • 
(M2 - M1) (1.88) 

Where: 1.88 • the ugm in 1 ul of nitrogen dioxide 
at 250c and 760 mm Hg 

9 • REFERENCE 

9.1 Levaggi, D.A., et al, "An Integrated Manual Impinger 

Method for Simultaneous Determination of NOx and S02 in Source 

Effluents", J. Ai~ Poll. Cont. Assoc. 26, 783, 1976. 
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LAB 20 

STANDARDIZATION OP SULFUR DIOXIDE CALIBRATION GAS 

l. RATIONALE 

Sulfur dioxide standards used for source test instrumentation 

must be checked periodically for accuracy and quality assura.~ce 

purposes. 

2 • PRINCIPLE 

Sulfur dioxide is absorbed in a solution of hydrogen. . 

peroxide to form sulfuric acid. The formed sulfuric acid is 

determined with a standard sodium hydroxide solution. 

3 • APPARATUS 

3.1 Greenburg Smith Impingers 

3.2 Dry Test Meter (readout in cubic feet) 

3.3 Two Stage Regulator with a controlling valve 

3.4 Rotameter, Oto 10 liter range 

3.5 50 ml Buret 

3.6 Teflon tubi~g connections 

4. REAGENTS 

4.1 Bromcresol Green Indicator Solution (0.04%). Mix 0.1 g 

of dry powder .bromcresol•. green 1n a mortar with 14. 3 ml of 0. 01 tf 

NaOH. Dilute to 250 ml with distilled water. 

4.2 Hydrogen reroxide 3% (sulfate free). Dilute 50 ml of 

30% H202 to 500 ml with distilled water. Prepare fresh prior to use. 

4.3 Sodium Hydroxi~e Solution (0.1 N). Dissolve 4.0 g of 

sodium hydroxide pellets in 150 ml of distilled water and dilute 

to 1 liter. Determine normality of the solution within ±0.0005 N 
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by standardization against potassium acid phthalate using phenol

phthalein indicator (7.1). 

5. SAMPLING PROCEDURE 

5.1 To each of two Greenburg j.mpingers add 100 ml of 3% 

hydrogen peroxide solution. Use teflon tubing to connect the gas 

cylinder to the impingers with the second impinger connected to a 

dry test meter followed by a rotameter. Fig. III-13 details 

the sampling train. 

5.2 Record the original wet test meter rea~ing (M1). By 

means of the controlling valve on the 2 stage cylinder regulator, 

adjust the flow through the sampling train to approximately 5 liters 

per minute as rapidly as possible, using the rotameter as an 

indicator. The sample· time will depend on the concentration of the 

sulfur dioxide in the cylinder. As a guide, 200 ppm sulfur dioxide 

should have a sample size of approximately 7.5 ft 1 (200 liters). 

5.3 After sufficient sample has been collected, shut the 

controlling valve. Record the final wet test meter reading (M2) 

and remove the 1mpingers from the sampling train. 

5.4 A minimum of two determinations are ·to be made and 

must agree to within ±5% of the mean. 

6. ANALYTICAL PROCEDURE 

6.1 Quantitatively transfer and rinse each 1mp1nger into 

a 500 ml Erlenmeyer flask. 

· 6.2 Bring each to a boil, cool to room temperature and 

titrate with standard sodium hydroxide solution, using 4 ml of 

bromcresol green indicator solution. Titrate to the blue color 

end point, and record the volume used. 
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7. PREPARATION OF STANDARD ALKALI 

7.1 Standardize the prepared 0.1 N sodium hydroxide with 

potassium acid phthalate. Run in triplicate. 

Wt. or Potassium Acid Phthalate (g) 
N NaOH • 

(0.2043) (ml NaOH) 

Where: 0.2043 • the gms/meqv of potassium acid 
phthalate 

8. CALCULATION 

Vol NaOH x N NaOH x 32 x 10 1 

PPM S02 • 
(M2 - Mi) (28.3 liters/cubic ft) (2.6) 

Where: 32 • the equivalent wt. or sulfur dioxide 

2.6 • the µgm in 1 µl or sulfur dioxide at 
25°c and 769 mm Hg 

Total PPM S02 • PPM S02 1st Imp + PPM 502 2nd Imp 

9. REFERENCE 
•

9.1 Jacobs, M.B. "Chemical Analysis•of Pollutants." 

Interscience Publishers Inc., New York, 1960. 
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LAB 21 

REF: Regs. 8-3-301, 8-3-302 

DETERMINATION OF COMPLIANCE FOR AIR-DRIED ARCHITECTURAL 
WATER BASED COATINGS 

1. PRINCIPLE 

A weighed sample of water based architectural coating is 

distilled to insure complete separation of the water component 

from the coating. The distillate is then diluted with methanol 

and the water content.determined by a gas chromatograph using a 

thermal-conductivity detector. The Poropak Q column separates 

water from any volatile organics present, water being eluted 

first from the column. 

2. APPARATUS 

•2.1 Gas Chromatograph. This unit is equipped with a thermal 

conductivity detector and a glass sleeve injection port . 
. 

2.2 Analytical Column. Use a 6• x 1/4" O.D. column 

containing Porapak Q, 80/100 mesh. 

2.3 10 ~1 syringe 

2.4 Simple d1st1llat1qn unit (see Fig. III-14) 

2.5 Aluminum Foil Dish. Use a 58 mm diameter x 10 mm high 

dish with a flat bottom. 

2.6 Drying Oven (1100:1°c) · 

2.7 Glas-col Heater 

2.8 Powerstat 

2.9 Analytical Balance 

2.10 Disposable Beral Pipettes. These are available f~on Curtir. 

Matheson Co. (Cat. No. 376-970). 



---------

3. REAGENTS 

3.1 Methanol, Anhydrous. This ~eagent cannot be used for 

this procedure if it contai~s >o.1% W/W water. Determine water 

content by gas chromatography or an equivalent method prior to use. 

4. ANALYTICAL PROCEDURE 

4.1 Determination of Total Volatile Content or Paints 

4.1.1 Weigh accurately 0.4 to 0.6 g (±0.0001 g) of paint 

in a pre-weighed aluminum dish. Disperse the paint with 2 ml of 

distilled water by swirling the dish until the sample is evenly 

distributed. Dry the sample in an oven at 110°±1°c for 2 hours. 

· Cool the smaple in the desiccator an~ weigh. Run samples in 

duplicate. Results should not vary by more than 5%. 

4.2 Calculations 
Wt. aluminum dish with paint -

4.2.1 Wt. paint• Wt. aluminum dish 

4.2.2 Wt. of Nonvolatile• Wt. aluminum dish with solid -
Wt. aluminum dish 

4.2.3 Wt.% of Nonvolatile • Wt. of nonvolatile 
in paint X 100-

Wt. or paint 

4.2.4 Wt.% Total Volatile in paint• 100 - Wt. J of nonvolatile 

4.3 Sample Preparation by Simple Distillation 

4.3.1 Assemble the simple distillation apparatus as shown 

in Fig. II-I-14. 

4.3.2 Take the Erlenmeyer flask and the 50 ml graduated 

cylinder out of the assembled apparatus and weigh the~ accurately. 

4.3.3 To a weighed flask, add approximately 50 ml of paint. 

Accurately weigh the flask and reassemble the apparatus. 
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4.3.4 Place the Erlenmeyer glask in a Glas-col heater. 

Wrap the exposed Erlenmeyer flask and the connecting adapter 

with glass wool, to minimize the condensation of water vapor 

at the distilling head. 

4.3.5 Connect the Glas-col heater to a powerstat. Turn 

the powerstat on and gradually heat the distilling flask until 

the head temperature is 110°c. Stopdistillation when the head 

temperature starts to exceed 110°c. Remove glass wool and the 

Glas-col heater from the flask and cool to room temperature. 

Weigh the graduated cylinder containing the distillate. Record 

the weight and volume of the distillate. Weigh the flask with 

the nonvolatile. 

4.4 Calculations of the Distillation 

4.4.l Wt. of paint• Wt. flask with paint - Wt.· of flask 

4.4.2 Wt. Distillate• Wt. 
Wt. 

grad. cyl and distillate 
grad. cyl 

-

4.4.3 Wt. of 1 cc of distillate• Wt. distillate 

Volume of distillate 

4.4.4 Wt. % distillate in paint• Wt. distillate x 100 
Wt. of paint 

4.4.5 Wt. Nonvolatile• Wt. flask and nonvolatile -
Wt. flask 

4.4.6 Wt.% Nonvolatile• Wt. of nonvolatile x 100 

Wt. of paint 

4.4.7 Wt.% Recovery• Wt. % distillate in paint+
Wt.% nonvolatile 

The distillation recovery must be 100 ±5% to be 
acceptable. 

4.5 Determination of Water Content(% W/W) of the Distillate 

by Gas Chromatography. 



4.5.1 General Column and Instrument Parameters: 

Column: 6' x l/4" Porapak Q, 80/100 mesh 

*Injection temperature 2000c 

Detector (T.C) temperature 24o0 c 

Column temperature 150°c 

He gas flow 100 cc/min 

Filament current 190.ma 

Sample size 2 µ1 

*glass insert is used in the injector port. 

l.!.5.2 Transfer the distillate from the graduated cylinder 

into a capped container. Mixed the distillate thoroughly. Pipet 

1.0 ml of distillate into a weighed 25 ml volumetric- flask. Re-
. 

weigh the flask containing the di~tillate. Add to the distillate ,,,. .......... 
10.0 ml o~ anhydrous methanol and reweigh the flask. Stopper the 

flask and mix the solution thoroughly. 

l.l. 5. 3 Using a 10 1,11 syringe, inject 2 1,1.1 of the distilla.te/ 

methanol mixture into the gas chromatograph. To determine the 

percentage of water.in the above mixture, compare the peak height 

of the saJtple versus a standard curve(Section 6). 

4.6 Calculations 

1.1 6 methanol. Wt. flask with distillate and methanol -
· .l Wt. Wt. flask with distillate 

4.6.2 Wt. of distillate/methanol mixture• 

Wt. of distillate+ Wt. or methanol 
\ 

4.6.3 Determine Wt.% of water 1n distillate/methanol 
mixture from the standard curve (4.5.3). 

4.6.4 Wt. of water in mixture• (4.6.2) x (4.6.3) 

4.6.5 Wt.% O'f water 1n distillate• (4.6.4) x 100 
(4.4.3) 
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4.6.6 Total weight of water in distillate a 

Wt. %Water in distillate 
------------ x Wt. of distillate 

100 
Total Wt. of Water 

4.6.7 Wt. %of water in p~int • in distillate 
_________ X 100 

Wt. of paint 

4.7 Determination of Specific Gravity 

4.7.1 Accurately weigh a 25 ml volumetric flask (W1). 

4. 7. 2 By means of a disposable Beral pipette· transfer 

a well mixed sample the feating to the 25 ml volumetric flask. 

Fill precisely to the 25 ml graduation mark. 

4.7.3 Reweigh the test tube (W2). 

4.7.4 Samples should be run in duplicate and agree to 

within ±1%. 

4.8 Calculation of Specific Gravity 

Specific Gravity• W2 - W1 • density (g/cc) 

25 cc 

4.9 Alternately, the specific gravity may be dete~mined 

using reference 7.3. 

5. COMPLIANCE CALCULATION 

5.1 Wt. of volatile orgaruc material per liter of coating 
without water• 

£c4.2.l - 4.2.2) - (4.6.7)(4.2.1)(10-Yx 1000 cc 

(4.2.1) 
_1_ - (4.6.7)(10-•) x liter 

( 
Spec. Grav. 
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6. PREPARATION OF THE STANDARD CURVE 

6.1 Using methanol as the diluent, make up a series of water 

standards in 25 ml volumetric flasks to contain: 0.5, l.0, 

5.0, 10.0 and 15.0 %W/W water. 

6.2 Using a 10 µ1 syringe, inject 2 )J1 or each standard 

into the gas chromatograph. From the resulting chromatograms 

construct a standard curve by plotting the average recorder 

peak height of triplicate analyses versus% water (W/W) on a 

rectilinear graph paper. The curve 1s linear to approximately 

25% W/W water. 

7. REFERENCES 

7.1 Hollis, O.L., "Separation of Gaseous Mixtures Using 

Porous Poly Aromatic Polymer Beads", Anal. Chem. 38, 309, 1966. 

7.2 "Volatile Content of Paint", ASTM designation D2369-73, 

Book of ASTM Standards, Part 27, 444-445, 1975. 

7.3 "Density of Paint, Varnish, Lacquer and Related 

Products", ASTM designation ASTM Dl~75-60, Book of ASTM Standards, 

Pa~t 27, 233-235, 1975. 
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LAB 22 

REF: Regs. 8-3-301, 8-3-302 

DETERMINATION OF COMPLIANCE FOR AIR-DRIED ARCHITECTURAL 
OIL EASED COATINGS 

1. PRINCIPLE 

A weighed sample of paint or related product is refluxed 

with toluene to determine the water content of the sample. The 

app~atus consists of a glass flask, heated by suitable means 

and provided with a reflux condenser discharging into a trap con

nected to the flask. The trap serves to collect and measure the 

condensed water. The voletile content or the coating is determined 

on a separate aliquot of the sample. This method is applicable 

only to oil based paints containing less than 2% W/W water. 

2. • APPARATUS 

2.l Refluxing unit as shown in Fig. III-15 

2.2 Powerstat ( 0 to 110 volts) 

2.3 Analytical Balance 

2.~ Drying Tube. A glass drying tube of the calcium 

chloride type. 

2.5 Aluminum Foil Dish. Use a 58 mm diameter x 10 mm high 

dish with a flat bottom. The dish is available from Curtin 

Matheson Co. (Cat. No. 079-053). 

2.6 Drying Oven (ll0°i1°c) 

2.7 Triple Beam Balance, tO.l g capability 

2.8 Disposable Beral Pipette. These are available from Curtin 

Matheson Co. (Cat. No. 376-970)~ 

3. REAGENTS 

3.1 Toluene 

3.2 Calcium chloride 
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• 
4. ANALYTICAL PROCEDURE 

4.1 Determination of Total Volatile Content 

4.1.1' Weigh accurately 0.4 to 0.6 g (±0.0001 g) or paint 

in a weighed aluminum dish. Disperse the paint with 2 ml of 

toluene by swirling the dish until the sample is even distributed 

at the bottom of the dish. Dry the sample in the oven at ll0±1°c 

for two hours. Cool the sample in a desiccator and weigh. Run 

samples in duplicate. Result~ should not vari by more than 5%. 

4.2 Calculations 
Wt. "Aluminum dish with paint -

4.2.1 Wt. ~aint •Wt.Aluminum dish 

4.2.2 Wt. of Nonvolatile Wt. Aluminum dish with solid -
in paint • Wt. Aluminum dish 

4.2.3 Wt. %or Nonvolatile 
in paint • 

Wt. of Nonvolatile in paint x 100 

Wt. of paint 

4.2.4 Wt.% Total Volatile in paint• 100% - Wt.% of Nonvolatile 
in paint 

4.3 Deter~~natior.. of Water Content 

4.3.1 Add approxi~ately 100 g of the coating to a weighed 

500 ml flask. Record the weight of the sample using a triple beam 
. 

balance and weigh to the nearest 0.1 g. Add 75 ml of tol~ene, 

mix thoroughly by swirling. 

4.3.2 Connect the flask, trap and condenser are shown in 

Fig. III-15. A drying tube of calcium chloride is inserted at the 

top of the condenser tube to prevent condensation of atmospheric 

moisture in the condenser tube. 

4.3.3 Apply heat to the flask by means of a heating mantle 

regulated by a powerstat. The condensed distillate should fall 

from the end of the condenser to the trap at a rate of 2 to 5 

drops per second. 
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-----------

~-

4.3.4 Continue the refluxing at the specified rate, until 

water 1s no longer visible on any part of the a~paratus and the 

volume or water in the trap remains constant. Read the volume 

of water in the trap and record. 

4.4 Calculation or Water Content 
ml or H20 in trap 

X%W/W water 1n paint• 100 

wt. or paint refluxed 

4.5 Determination or Specific Gravity 

4.5.1 Accurately weigh a.25 ml volumetric flask (W1). 

4.5.2 By means of a disposable Beral pipette transfer 

a well mixed sample of the coating to the 25 ml volumetric flask. 

Fill precisely to the 25 ml graduation mark. 

4.5.3. Reweigh the volumetric flask (W2). 

4.5.4 Sample should be run in duplicate and agree to 

within ±1%. 

4.6 Calculation or sp·ec1f1c Gravity 

W2 - W1
Specific Gravity• --------•density (g/cc) 

25 cc 

4.7 Alternately, the specific gavity may be determined 

using reference 6.3. 

5. COMPLIANCE CALCULATION 

5.1 If no water was found in the coating: 

Wt. of volatile organic
material per liter or (Wt. or paint - Wt. of ·Nonvolatile in 
coating • paint) (1000) (Spec. Grav.) 

Wt. or paint 
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4. 

5.2 If water was found in the coating: 

Wt. or volatile organic material per liter or coating
without water• 

10._.2.l - 4.2.2) - (4.4)(4.2.l) (10-:0 1000 cc 

4.2.l ( l - (4.4) (10- 2 
)) x liter 

Spec. Grav. 

6. REFERENCES 

6.l "Water in Paint and Paint Related Products" (Reflux 

Method). Methcd 4081 of the Federal Test Method Standard 141a. 

6.2 "Volatile Content of Paint". ASTM designation D2369-73, 

Book or ASTM Standards, Part 27, 444-445, 1975. 

6.3 "Density of Paint, Varnish, Lacquer and Related 

.._ Products". ASTM designation ASTM 4175-60. Book of AST.M Standards, 

Part 27, 233-235, 1975. 
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LAB 23 

REF: Reg. 8-4-111 

DETERMINATION OF VOLATILE WEIGHT LOSS OF POLYESTER RESINS 
-1. PRINCIPLE 

A pour pan method is used, where a weighed amount of 

polyester resin is reacted with methyl ethyl ketone peroxide (MEKP) 

catalyst to form a 4" x 1/4" thick casting. The volatility loss 

is determined at room temperature (75±3°F) over a three hour 

period, with samples having a gel time between 15 to 20 minutes. 

This method is applicable only to polyester resins and 

does not simulate spray booth operations. 

2. APPARATUS 

2.1 Analytical balance 

2.2 4" x 1/2" can lid or equivalent. The lid must be 

capable of containing about 100 cc volume to which an accurate 

a.mount of catalyst can be added. 

2.2.1 Stirring rod, glass or metal 

2.3 Clock or timer 

2.4 8 oz wide mouth bottles 

3. REAGENT 

3.1 Polyester Resin 

3.2 Methyl Ethyl Ketone Peroxide (MEKP) 

4. DETERMINA1ION OF GEL TIME 

4.1 To a tared 8 oz wide mouth bottle (2" in diameter), 

containing a glass or metal stirring rod, add 100 g (±0.l g) 

of polyester resin. 
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4.2 To the polyester resin,add 1.0 g (:0.1 g) of MEKP. 

Record the time and thoroughly mix fer 30 seconds. 

4.3 Periodically mix the contents until it commences to 

thicken. When the resin thickens, dip and remove the stirrer 

four times a minute until the resin strings or snaps from the 

stirrer. This is-the gel time. Record the time to the nearest 

minute. Note: If the gel time does net correspond to 15 to 

20 minutes, a· catalyst adjustment is necessary for the sample to 

conform to the required gel ti.me. If the gel time is between 

25 to 20 minutes proceed with Section 5. 

4.4 Gel Time Adjustment. A catalyst adjustment is necessary 

whenever the gel time varies from the appropriate 15 to 20 minutes . . 
Additonal catalyst lowers the gel time. Variations in relative gel 

times with different catalyst additions are listed below and serve 

as a guide fer obtaining the proper gel time. 

%MEKP Catalyst Added Approximate Gel Time 

1.00 40 minutes 

1.50 30 minutes 

2.00 20 minutes 

If for example a sample using 1% W/W MEKP catalyst has a 

gel time of 40 minutes, an additional 1.0% MEKP catalyst should. 

reduce the gel time to approximately 20 minutes. 

5. DETERMINATION OF VOLATILE ORGANICS 

5.1 Tare weigh a 4" x 1/2" metal lid or equivalent, con

taining a stirring rod to t0.01 g. Record the weight as W1. 
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~.2 Add approximately 50 ml (50 g) of polyester resin 

to the metal lid, to form a 1/4" thick casting. Record the weight 

of the lid plus the polyester resin to t0.0l gas w2 . 

5.3 Add 0.5 g ±0.0l g of MEKP catalyst to the polyester 

resin. Record weight as W3. If a gel time adjustment was 

necessary, then the MEKP used must be in the same ratio to the 

polyester resin as was determined in Section 4.4. 

5.4 After addition of the catalyst record the time. 

Thoroughly mix the catalyst into the polyester resin- by means 

of the stirring rod for 30 seconds at room temperature (75±30~). 

Note: The mixing and catalyzation volatility loss should be 

done in a hood or well ventilated area. 

5.5 Periodically weigh the polyester resin content to 

determine the wiehgt loss per unit time. At least three weighings 
-~ 

should be made during the fi~st 30 minutes of the test. Record 

all weight losses with the attendant time lapse as Wt· 

5.6 Continue the weight loss determinations for 3 hours, 

taking periodic temperature readings and weighings every 30 

minutes. After 3 hours, record the final weight as Wr. 
Note: Periodic weight loss readings are taken to give an 

indication of the rate loss of the volatile organic compounds. 

6. CALCULATIONS 

6.l To determine the percent loss of volatile organics 

after time t. 

W3 - Wt
%Volatile Organics Loss • ----- X 100 

W3 - Wl 
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4. 

6.2 To detertline the percent loss of volatile organics 

for compliance purposes: 

l Volatile Organics Loss • 

• Tare weight of lid plus stirrer 

• Tare weight plus the polyester and MEKP 

• The weight of the contents of W3 after 
t minutes have elapsed in the experiment. 

The weight of the contents of W3 after 
the required 3 hours have elapsed.in
the experiment. 
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LAB 24 

REF: Regs. 10-1-301, 
12-5-301 

DETERMINATION OF TOTAL FLUORIDE IN EFFLUENTS 

1. PRINCIPLE 

Gaseous and water soluble particulate fluorides are collected 

in a dilute akaline solution. The absorved fluorides are quantified 

by the use of a fluoride specific ion meter. A buffer solution 

containing a chelating agent is used to prevent possible inter

ferences from aluminum, iron and hydroxyl ions. 

2. APPARATUS 

2.1 Orion Specific Ion Meter (Model 407A) 

2.1.1 Sleeve-type Reference Electrode (Orion No. 90-01-00) 

2.1.2 Fluoride Ion Electrode (Orion No. 94-09) 

2.2 Magnetic stirrer and teflon stirring bar (2.5 cm) 

'-" 2.3 Polyethylene beakers, 100 ml 

2.4 Polyethylene 1 liter volumetric flask 

3. REAGENTS 

3.1 Sodium Fluoride 

3.2 Total Ionic ·Strength Adjustment Buffer (TISAB) 

3.2.1 Dissolve 228 ml of glacial acetic acid, 232 g of 

sodium chloride and 4 g of CYTA (1,2, cyclo-hexylene-dinitrilo) 

Tetraacetic Acid in a 4 liter beaker containing approximately 

2000 ml of distilled water. 

3.2.2 Slowly add, with stirring, 160 ml of 50% sodium 

hydroxide solution while cooling the beaker in an ice bath. 

Allow the solution to come to room temperature and adjust the pH 

to between 5.0 and 5.5 using 50% sodium hydroxide solution. 
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3.2.3 Transfer the solution into a 4 liter bottle and 

bring to volume with distilled water. 

3.3 Sodium Hydroxide Solution (O.l N). Dissolve 4.0 g 

of sodium hydroxide pellets in l liter of distilled water.· 

4. ANAiYTICAL PROCEDURE 

4.1 Measure and record the total volumes of each impinger. 

4.2 Transfer a 15.0 ml aliquot of sample to a 100 ml 

polyethylene beaker containing a teflon stirring rod, and add 

15.0 ml of the TISAB solution. 

4.3 Calibra~e the ion meter as described in Section 6. 

4.4 Immerse the ion meter electrodes into the prepared 

sample and stir the solution slowly. Reocrd the µg fluoride 

reading after a constant reading has been obtained. 

4.5 All sample readings must be bracketed between the 

calibration standards. If the sample reads less than the 1.0 µg 

F standard, report the result as traces found. 

4.5.l Sample readings greater than 10 µg F must be diluted 

with a solution containing equal amounts of TISAB and 0.1 N 

sodium hydroxide to be in the range of the calibration standards. 

Alternately, a smaller aliquot of the impinger may be taken and 

brought to 15.0 ml with 0.1 N sodium hydroxide. Add 15.0 ml of 

TISAB and proceed as in 4.4. 

4.6 The ion meter should be recalibrated periodically with 

the middle range calibration standard.· Rechecking after 

every tenth sample has been found to be adequate. 

109. 



5. STANDARD PREPARATION 

5.1 Standard Stock Fluoride Solution 

Weigh and transfer 0.2210 g of sodium fluoride to a 1 liter 

volumetric flask. Diszolve in distilled water and bring to 

volume. This solution contains 100 µg of fluoride ion per ml. 

This solution is stable for one year when stored in a plastic 

bottle. 

5.2 Working Stanaard Fluoride Solutions 

Three standards, respectively 1.0 1 5.0 and 10.0 µg F/ml 

are prepared by the appropriate dilution of the standard stock 

fluoride solution with distilled water. These standards if 

stored in plastic bottles are stable !or six months. 

6. CALIBRATION OF THE ION METER 

6.1 Prepare three calibration fluoride solutions contain

ing 1.0 1 5.0 1 and 10.0 µgas follows: 

6.1.1 The 1.0 µg calibration standa~d is made by pipetting· 

1.0 ml of the 1.0 µg F/ml standard (5.2) into a 100 ml polyethyle~e 

beaker and adding 14.0 ml of 0.1 N sodium hydroxide. 

6.1.2 The 5.0 µg calibration standard is made by pipettir.g 

0.5 ml of the 10.1 µg F/ml standard (5.2) into a 100 ml poly

ethylene beaker and 14.5 ml of 0.1 N sodium hydroxide. 

6.1.3 The 10.0 µg calibration standard is made by pipetting 

1.0 ml of tbe 10.0 µg F/ml standard (5.2) into a 100 ml polyethylene 

beaker and adding 14.0 ml or 0.1 N sodium hydroxide. 

6.2 The !on meter is calibrated using the three calibration 

standards (6.1.1 - 6.1.3), each with 15.0 ml of TISAB havi~g been 

added, as described in the instrument manual. It is important to 

maintain a constant slow stirring rate when the electrodes are 
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.l 
immersed in the calibration solutions. Rinse the electrodes and 

blot dry with clean tissue between readings to prevent solution 

carry over. 

7. CALCULATIONS 

*Total llg F (pg F, Meter Reading) (Impinger Vol. ml)
7.1 -------

Impinger Aliquot (ml) 

*If the sample was diluted to be within the calibration 
standards, the calculation must be multiplied
by the appropriate dilution factor. 

7.2 Total pg F • pg F Imp I + pg F Imp II 

8 • REFERENCE 

8.1 Orion Analyzer Instruction Manual for Model 407A. 

Orion Research Inc., Cambridge, Mass. 

8.2 40 CFR 60.275 Appendix A, Method 13B. "Determination 

of Total Fluoride Emissions from Stationary Sources - Specific 

Ion Electrode Method". 
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LAB 25 
J .. 

REF: Reg. 10-8-303 

DETERMINATION OF HYDROGEN SULFIDE IN EFFLUENTS 

l. PRINCIPLE 

The hydrogen sulfide is absorbed in an alkaline cadmium· 

hydroxide solution to form cadmium sulfide. The precipitated 

cadmium sulfide is then dissolved in hydrochloric acid and 

absorbed in a known volume of iodine solution. The iodine 

consumed is a measure or the hydrogen sulfide content of the 

effluent. 

2. APPARATUS 

2.1 Buret, Oto 50 ml 

2.2 Iodine flask, 500 ml 

3. REAGENTS 

3.1 Absorbing Solution. Dissolve 4.3 g cadmium sulfate 

hydrate CdSO4.8H2O and 0.3 g of sodium hydroxide in 1 liter of 

distilled.water. Mix the cadmium hydroxide suspension thoroughly 

before using the absorbing solution. 

3.2 Hydrochloric Acid Solution (10% W/W). Dilute 230 ml 

of concentrated hydrochloric acid to 1 liter with distilled 

water. 

3.3 Iodine Solution (0.1 N). Dissolve 24 g of potassium 

iodide in 300 ml of distilled water in al liter graduated 

cylinder. Weigh 12.7 g of resublimed iodine into a weighing 

bottle and transfer to the potassium iodide solution. Mix until 

the iodine is completely dissolved. Slowly dilute the solution 

to 1 liter with distilled water and transfer to a brown glass 

stoppered bottle. 
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3-~ Standard Iodine Soltuion (0.01 N). Dilute 100 ml of 

the 0.1 N iodine solution (3.3) in a volumetric flask to·1 liter 

with distilled water. Standardize before using as follows: 

pipette 25.0 ml of the 0.01 N iodine solution into a 125 ml flask. 

Titrate with stapdard 0.01 N thiosulfate solution to a light 

yellow color. Add a few drops of starch solution, and continue 

the titration until the blue color just disappears. From the 

results of this titration, calculate the exact normality of 

the iodine solution (5.1). 

3.5 Standard Thiosulfate Solution (0.1 N). For each liter 

of solution, dissolve 2~.8 g sodium thiosulfate hydrate 

(Na2S203.5H20) and 0.10 g sodium carbonate in distilled water. 

Standardize the solution as follows: weigh and transfer 

approximately 2 g of potassium dichromate (to the nearest .0001 g) 

to a 500 ml volumetric flask. Dissolve and dilute to volume with 

distilled water. Dissolve approximately 3 g of potassium iodide 

in 50 I:1l of distilled water contained in an iodine flask; then 

add 10 ml of 10% hydrochloric acid solution. Pipette 50.0 ml 

of the dichromate solution into the same iodine flask, swirl 

once gently and allow to stand in.the dark for 5 minutes. Add 

approximately 150 ml of distilled water, swirl, and immediately 

titrate with the thiosulfate solution to a light yellow color. 

Add 2 ml of starch solution and titrate until the blue color 

disappears and a pale green color remains. From duplicate 

titrations, calculate the exact normality of the sodium thio

sulfate solution (5.2). 
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3.6 Sodium Thiosulfate Standard (0.01 N). Pipette 

100.0 ml of the standard 0.1 N thiosulfate (Par. 3.5) into a 

volumetric flask and dilute to l liter with distilled water. 

Calculate the exact normality of this solution by divid~ng the 

determined normality of 0.1 N thiosulfate (Par. 3.5) by 10. 

3 •.7 Starch Indicator Solution. This solution is 

commercially available. 

4. ANALYTICAL PROCEDURE 

4.1 Transfer the contents of each Greenburg-Smith impinger 

into separate 500 ml iodine flasks. Pipetter 50.0 ml or the 

0.01 N iodine solution into the empty impinger. Add 50 ml of 10% 

hydrochloric acid to the imp1nger and contact the sides of the 

impinger thoroughly. Transfer the acidified iodine solut~on to 

the iodine flask containing the sample. Give the impinger two 

additional rinses of 25 ml if distilled water, adding each rinse 

water to the iodine flask. 

4.1.1 Titrate the solution in the iodine flask with 0.01 N 

thiosuflate to a light yellow color. Add a few drops of starch 

indicator solution.and continue titrating till disappearance 

of the blue color. Record the volume of thiosulfate used. 

4.1.2 Prepare a blank in an iodine flask using 100 ml of 

absorbing solution, 50.0 ml of 0.01 N iodine solution and 50 ml 

of 10% hydrochloric acid. 

4. l. 3 Titrate the blank in the same manner as the sample. 

5. CALCULATIONS 

5.1 Normality of the Iodine Solution 

(Normality of Thiosulfate) (Volume of Thiosulfate)N .,. 

ml or Iodine 
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2.04 • 

5.2 Normality of the Standard Thiosulfate 

N. 2.04 (W) 

ml or Thiosulfate 

Where W • Weight of potassium dichromate (g) 

(29~.2gK2Cr2O7/Mole)(l0 Aliquot factor) 

5.3 mg H2S in each impinger 

mg H2S • 17 EINI -VirNT; Samp. - (VINI - VTNT; blan~ 

(3~.07 g/Mole H2S)(l000 mg/g)
Where 17 • 

(1000 ml/1) (2 H2S Eq./Mole) 

Total mg E2S a mg H2S 1st Imp.+ mg H2S 2nd Imp. 
+ mg H2S 3rd Imp. 

€. REFERENCE 

6.1 40 CFR 60.275 Appendix A, Method 11. "Determination 

of Hydrogen Sulfide Emissions From Stationary Sources". 
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I. SOURCE TEST POLICY 

1.1 Introduction 

The purpose of this volume of the Manual of Procedures rs to 

advl~• persons subject to the Regulatlons of the Bay Area Air 

Qaality Management District of the policy of the Air Pollution 

Control Officer relative to source testing and to promulgate 

procedures used to determine compllance with the regulations 

of this District. 

Source Test methodology Is a state of the art practice and 

therefore occasional changes wi II be made to this volume. 

A form has been provided In the front of this volume for those 

who wish to receive these periodic changes. 

The contents of this Manual, and Its ~ubsequent changes 1 are 

subject to approval by the Board of Ci rectors of this District, 

and therefore, become law as provided for In the Health and 

Safety Code of the State of California. 

1.2 Definitions: The detlnltioRs used herein are consistent 

with those used In the regulations of the District. The 

definitions of type "A" and "B" sample points are expanded for 

clari fl cation. 

1.2.2 Representative Sampllng: The over-riding factor for 

all source tests shall be that every reasonable effort •ust be 

made to obtain samples that are truly representative of the 

source being ·tested for that given set of process variables. 

In all cases accepted engineering practice shall be fol lowed for 

al I test procedures. 



1.2.3 Sampling Points: The sampling point Is the locetion on 

e source or Its releted control equipment where samples ere 

teken. For purposes of determining comp I lence with District 

Regulations, samples taken et e sampling potnt shell be deemed 

Identical to those et the point of emission to the atmosphere. 

The Regulations address themselves to type "A" end "B" emission 

points. 

The primary consideration for locating e sample port shell 

be that the sample port location accurately represents the nature, 

extent, quantity and degree of the contaminant et the emissions 

point. Ports shell be located, tf reasonably possible, et e type 

"A" sample point. 

1.2.3.1 Sempllng et type·"A" emission points. A type "A" 

sample point shell be located In a smooth stack et least eight stack 

diameters downstream of eny bends, Inlets, constriction, flow 

altering device or change of area or geometry end two diameters 

upstream of the stack exit or other flow disturbance. Fore 

non-circular duct, the equivalent diameter will be determined from 

the following equetlon: 

Equivalent Diameter • length x width
2 length x width 

1.2.3.2.Sampllng at type "B" •~lsslon Points. A type "B" 

sample point means any sample point not ~uallfylng es a type ~A" 

emission point. 

The quantity of emission from a type "B" emission point shall be 
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the quantity of emission computed ~y multipylng the quantity of 

emission from a test area by the proportion which the whole area 

bears to such test area. Such test area may be taken as the cross 

sectional area of the Inlet to a sample probe. The emission from 

any test area of a type "B" emission point shall be deemed to be 

representative in every respect of the emissions from the entire 

area. Emissions from the test area may be measured at the place 

and by the procedure which result In the highest measurement of air 

contaminants. 

1.2.4 Sampl Ing Facl I !ties: Section 1-410 of Regulation I 

places the burden of providing proper sampling facilities on the 

person responsible for the emission. The followlng are normally 

conslde~ed necessary: 

1.2.4.1. Sample Ports: For circular ducts, at least two ports 

90 degrees apart on a plane perpendicular to the longltudinal 

axis of the duct shall be Installed at the sample point. For 

circular ducts, ten :feet In diameter or greater, four ports 

ninety degrees apart on a plane perpendicular to the longitudinal 

axis shall be Installed. 

For non circular ducts, access shall be provided to the 

entire cross-sectional area of the duct. 

Each port, where possible, shall be a nominal three Jnch diameter 

pipe with external tapered pipe threads. 

Ports shall be Installed flush with the Interior stack wal I. 
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Gate valves should be lnstal led on sample ports only when extreme 

stack conditions or the presence of hazardous materials require 

such devices for safety considerations. 

Questions concerning locations ·should be referred to the Chief of 

Source Test. 

1.2.4~2 Sampling Area Clearance: There shall be sufficient 

clearance In the vicinity of each test port to allow the Insertion 

of a probe equal In length to the stack diameter. 

1.2.4.3 Safety: Sampling facilities, access ways and platforms 

sh~II meet all applicable OSHA requirements for Industrial and 

personal safety and conform to any other relevant safety guldllnes. 

1.2.5 Quality Assurance: It Is absolutely essential In any -
testing program that a quality assurance program be establ lshed 

and maintained. The provlsl~ns of Air Monitoring Quality Assurance 

Volume IV, Quality Assurance In the Testing of Stationary Sources, 

California State Air Resources Board shall apply. 

1.2.5.1 Instrumental Methods: Specifications and procedures 

for zero and span checks on analytical Instruments are In each test 

procedure. Where available, calibration gases shall be traceable 

to National Bureau of Standards reference materials. Confirmation 

of their values shall be made by reference procedures at 1ntervals 

of not more than three months. 

1.2.5.2 Recorders: Analog chart recorders must be 

compatible with Instrument output. 
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1.2.5.3 Manual Methods: Sampling shall be conducted to compensate, 

where reasonably possible, for significant stratification and non

homogeneity In the gas stream, so that the sample of the gas stream 

approaches a representative sample. 

All sampling lines shall be checked for the presence of 

condensation. If condensation has occurred, adjustments In 

procedure shall be made either to prevent It or to compensate for 

the condense~ material In the sample ltne. 

Sufficient test data and notes shall be recorded at the 

time of the test by the personnel conducting the sampl Ing to permit 

the determination of emissions and to permit evaluation of 

results at a later date. 

'-' All sampling lines shall be leak-free. The distance between 

the sample gas Inlet and the sample collection or analytical 

device shall be as short as feasible. The sampling I Ines shall 

be composed of Inert materials. The sampling lines shall be 

purged thoroughly with sample gas prior to the taking of the 

sample. 

Sampling equipment which comes In contact with the collected 

sample shall not alter the composition, and shalt be used In such 

a manner that significant leaks can be detected. 

1.3 Alternate Methods: EPA methods may be used alternately 

without prior approval. Alternate methods may be approved at the 

discretion of the Chief of Source Test. The burden of proof of 
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equlvelency Is on the person seeking alternete status. Such 

elternate status may be granted on a "one-time only" basis. Al I such 

requests and supporting documentation shall be made In writing. 

1.4 NSPS and NESHAPS Testing: The Bey Aree Air Qua I lty 

Management District has been delegated authority by the U.S. Envfr

onmentel Protection Agency (EPA) to enforce tbe New Source Perfor

mance Stenderds (NSPS) and the National Emission Standerds for 

Hazardous Air Pollutants CNESHAPS). 

EPA requires that ell testing for these standards use rts 

methods unless alternete or equivalent status to It's methods has 

been granted. The District has been granted alternate status for 

the lnstrumentel S02 and NOx procedures, ST-19A and ST-13A end 

the lntegreted sulfer oxide procedure, ST-20. EPA methods are 

published In Title 40 Code of Federal Regulations, Part 60, end ere 

evei Iable from the U.S. Government Printing Office. 

1.5 Tests Conducted by Other Persons: Any person who conducts 

e source test for the purpose of furnishing data to the Afr Pol luting 

Officer Is Subject to the following conditions: 

1.5.1 Notifications: The Chief of Source Test shall be 

notified et least one week prior to the date the test Is to be 

conducted. Source Test Engineers from the District shall observe 

any such tests as deemed necessary. 

1.5.2 Methodology: The procedures set forth In this volume 

shall be adhered to In any test except es provided In paragraph 1.3. 
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1.5.3 Data Presentation: Data shal I be collected and 
'-" 

presented in the format of the forms shown herein. Al I cal-

culations shal I be Included and clearly Identified. 

1.5.4 Process Information: Where applicable, pertinent 

process data Including rates during the test and maximum capacities 

shall be Included In 'the data. Confldentlal Information shall be 

clearly marked as such. 

1.5.5 Test Review: Tests furnished the District shall be 

sent to the attention of the Source Test Section for review and 

disposition. 

1.6 Confidentiality of Process Information: 

Process Information Is a necessary part of any source test In that 

the test data represents those process conditions at the time of 

the test. 

Source Test records are public Information. However, proprietary 

Information Is not. Information of a confidential nature should 

be clearly labeled to Insure proper treatment. 

1. 7 Appl lcabl I lty 

Each test procedure Is applicable to a specific regulation. 

The designation appears In the upper left hand corner of the 

procedure. 
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Source Test Procedure ST-1A 

AMMONIA, CONTINUOUS SAMPLING 

REF: Reg. 7-303 

1. Appltcabtllty 

1.1 This method Is used to quantify emissions of ammonia. 
It determines compliance with Regulation 7-303. 

2. Prtnclple 

2.1 A gas sample Is extracted continuously from the sample 
point and conditioned to remove water end particulate aatter. 
A stalnless steel catalyst <et 750C) In a chemllumlnescent 
analyzer converts ammonia (NH3) end nitrogen dlxotde (N02 ) to 
the analyzer. By datennlntcg.the NO and N02 separately, the NH3
concentration ts determined by difference. 

3. Range end Sensitivity 

3.1 The minimum measurable concentration of NH3 Is 5% 
of the total oxides of nitrogen. 

3.2 The minimum sensitivity of the analyzer shal I be !2% 
o f f u I I s ca I e • 

4. 1-nterfe ranees . 

4.1. Nitrogen bearing compounds Cother than NO and N02> 
may cause tnterfeneces. 

5. Apparatus 

5.1 Chemllumtnescent analyzer. Use a Thermo Electron Corp. 
Model IOA analyzer equipped with a stainless steel catalyst 
or Its equivalent. 

5 .2 Che r-t recorder. The recorder 110n I tors and records 
the continuous output from the analyzer. 

5.3 Sample conditioning, zero air, and span gas system. 
The assembly of this syste• ts shown In Fig. IY-1. The sample 
conditioning system provides a dry, particulate free gas flow 
to the Instrument. The zero air system provides clean dry 
atmospheric air for Instrument calibration. The span gas 
system provides a known concentration of nitric oxide for 
use In caltbretlng the analyzer. Except as specified, all materials 
which come In contact with either the sample or span gases must be 
constructed of Teflon or stainless steel. 
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5.4 Semple probe. Use e borosilicate glass tube of 

sufficient length to traverse the stack being tested. If the 
stack temperature exceeds 425C C800F), use a quartz probe. 
Other probes ere acceptable subject to approval by the Source 
:rest Sect-Ion. 

5.5 Condensers. Use modified Greenberg-Smith lmplngers 
with the Impaction plates removed and the Inlet tube shortened 
to a length of 10cm (4 Inches), or equivalent. 

5.6 Cool Ing system. laaerse the lmplngers In an Ice bath 
during the test. 

5.7 Particulate fitter. Use a Balston type 95 holder 
with a grade B fitter, or equivalent, In the sample system. 

5.8 Pumps. Use leak-free, Teflon-lined, diaphragm pump~ 
In the sample end zero air systems. The pumps must have a 
capacity of at least 40 llters/mlnCl.5 CFM) to 28 liters/min 
C1.0 CFM). 

5.9 Back-pressure regulator. Use a beck-pressure regulator 
to maintain the sample and zero gas sample pressures to the 
Instrument et five pslg. 

5.10 Gas scrubber. Use a bed of silica gel, Ascarlte 
(or soda-lime), and charcoal to remove moisture, carbon 
dioxide, and hydrocarbons from the zero air system. 

5.11 Span gas.· Use a high-pressure cylinder containing a 
known concentration of NO In nitrogen. The span gas concentra
tion must be In the same range as the source being tested. 

6. Pre-Test Procedures 

6.1 Warm-up the ·1nst'ru111ent according To manufacturer's 
Instructions. 

6.2 Assemble the sampling system and analyzer as shown in 
Figs IV-I and IV-2. 

6.3 Leak-test the sampling system by st'artlng the pump, 
plugging the probe, end determining that' the pressure To the 
analyzer falls to zero. Other leak-tests ere acceptable 
subject to the approval of the Soa~ce Test Section. 

6.4 Introduce zero air, Into the analyzer and zero the 
Instrument according to manufacturer's Instructions. 

6.5 Introduce span gas Into the analyzer end calibrate 
the Instrument according to menufecturer's Instructions. 

6.6 Conduct a preliminary concentration Traverse (according 
to ST-18) to determine tf stratification of stack gases exists. 
If the NH3 concentration at any point differs from the average 
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concentration by more then tOJ, traverse the stack during 
the test. If not, sample et any single point. 

6.7 Set-up the chart recorder according to manufacturer's 
Instruct Ions. 

7. Semp I Ing 

7.1 Each test run shell be of thirty minute duration 
when testlng emissions from continuous operations. Each test 
run et batch process operations whall be for 90% of the batch 
time ~r thirty minutes, whichever Is lets. 

7.2 Introduce s~mple gas Into the analyzer at the seme 
flow rate used to cellbrete the analyzer. 

7.3 Maintain Ice In the cool Ing system throughout the test. 

7.4 Cellbrate the analyzer before end after each test run. 
Record each step of -the process clearly on the chert recording. 

7.5 Conduct three test runs. 

8. Caleuletlons 

8.1 From the chert recording determine the time-averaged 
concentration 6t NH3 one dry basis for each run. 

9. Reporting 

9.1 Report the results Indicated on Figure IV-3. 

9.2 These values ere elso ••••• (see II.I of ST-24). 
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Source Test Procedure ST-18 

AMMONIA, INTEGRATED SAMPLING 

REF: Reg. 7-303 

1. Appllcablllty 

1.1 This method Is used to quantify emissions of ammonia. 
It determines compliance with Reg. 7-303. 

2. Prlnclple 

2.1 Sample gas Is drawn through a solution of 0.1 normal 
CO.IN) hydrochlortc acid which absorbs the ammonla;.The ammonia 
is then analyzed according to Analytical Prodecure lab-I. 

3. Range 

· 3.1 The minimum measurable concentration of ammonia Is 
ppm et the sample volume specified In this procedure. 

3.2 Elevated concentrations of ammonia may be determined 
by Increasing the concentration of the absorbing reagent, 
hydrochlorlc acid solution. The concentration of reagent to 
be used may be determined by stoichiometry, ellowlng e 50% excess. 

4 • I n t er f e re n c e 

None Known. 

5. Apparatus 

5.1 Probe. The probe Is constructed of boroslllcete glass 
tubing fitted with a glass wool fllter In the nozzle. 

5.2 Condensers. Use three Greenberg-Smith lmplngers as 
ebsorder/condensers. The final · t~plnger hes a thermometer 
attached to the Inlet stem. 

5.3 Cooling system. Use an Ice beth to contain the 
lmplngers. 

5.4 Semple puap. Use a leak-free vacuum pump capable 
of maintaining a 14.3 titer/min (0.5 CFM) flow rate at 15 Inches 
of mercury. The pump must have a flow control valve and vacuum 
gauge attached to the Inlet. 

5.5 Slllca gel tube. Use approxlm~tely 500cc of slllca 
gel (with a Drlerlte Indicator> to Insure that the gas entering the 
dry test meter ls dry. 
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5.6 Dry test meter. Use a dry gas test meter accurate 
within !2% of the true volume and equipped with a thermometer 
to measure the outlet temperature. 

5.7 Connections. Use Teflon tubing In making all connections 
that come In contact with the sample. Vinyl tubing Is acceptable 
for al I other connections. 

5.8 Barometer. Use a barometer that Is accurate to within 
±0.2 Inches of mercury. 

5.9 Rotameter. Use a calibrated rotameter to measure the 
sampling rate. 

6. Reagents 

6.1 Hydrochloric acid, O.IN. Dissolve 7.30 ml concentrated 
HCI_ In sufficient water to make a 1.0 liter solution. 

7.Pre-Test Proceduras 

7.1 Add 100 ml of the HCI solution to each of two lmpingers. 

7.2 Stopper the fmplngers. 

7.3 Retain 100 ml of the HCI solutlon to analyze as a blank. 

7.4 Assemble the sampl Ing train as shown in Figure 

7.5 Leak-test the sampling train by starting Jhe pump, 
plugglno the probe, and adjusting the pump inlet vacuum to 10 
Inches Hg. The leak rate must not exceed 0.6 I lter/min C0.02 CFM) 
through the dry test meter. Before stopping the pump, carefully 
release the plug In the sample probe to avoid backflow of the Imp Inger 
solutlon. 

7.6 Record the lnl~lal dry test meter reading and barometric 
pressure on the sampling data sheet, Figure 

7.7 If there Is evidence of concentration stratification, 
select the sampllng traverse points according to ST-18. Otherwise, 
sample at a single point. 

8. Samplfog 

8.1 Each test run shall be of thirty minute duration when 
testing emissions from continuous operations. Each test run at 
batch process operation shall be for 90% of the batch time or 
thirty minutes, whichever Is less. 

8.2 Position the probe at the sampl Ing point and start 
the pump. 
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8.3 Sample et e constent rete of 14.3 liter/min C0.5 CFM) 
during the test es determined by the rotemeter. Use the rotemeter 
only to estebl lsh the initlel sampling rate. Then remove it 
from the system. 

8.4 Record the followfng fnformetlon et five-minute 
fnteryels. 

Dry test Meter temperature 
lmplnger outlet tempereture 
Dry test meter volume 

8.5 Add Ice es necessery to maintain lmpinger temperetures 
et 70c (450F) or less. 

8.6 At the conclusion of each run, stop the pump, remove 
the probe from the steck, record the flnel meter reeding. Point 
the probe upward and purge the sample treln with ambient elr. 

8.7 Take three consecutive samplers. 

9. Post-Test Procedures 

9.1 Stopper the lmplngers until they ere enelyzed. 

9.2 lndlvlduelly analyze the hydrochloric ecld solutions 
end blank for totel emmonla content eccordlng to anelytlcel procedure ..-....., 
Lab 1 • 

10. Celculetlons 

10.1 Standard sample volume: 

Tm 

Where: 

Corrected sample volume, SOCF et 70°F 
and 29.92 Inches Hg. 
Uncorrected meter volume, ft3 
Average run meter temperature, 0 R 
Barometric pressure, Inches Hg.
A constant correcting to 70F~aad 29.92 Inches Hf 

10.2 Ammonia concentration: 

C • 5.02 X 104W 
Vo 

I'!. 
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Where: 

C • ammonia concentration, ppm by volume 

w • 
on a dry basis. 
total welfht of ammonia In the lmplnger 

5. 02 X 1Q4 • 
catch, for •ach run, grams. 
a constant derived from the molecular 
weight end correcting to 70F and 29.92 
Inches Hg 

11. Reporting 

II.I Report the data Indicated on Figure IY-6. 
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SUMMARY OF 
SOURCE TEST RESULTS 
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Source Test Procedure ST-2 

BERYLLIUM 

REF:Reg. 11-3-301 

I. Appl lcabl I lty 

I.I This procedure Is used to quantify emissions of 
beryllium. It determines compliance with Regulation 11-3-301. 

2 • Pr I nc i p I e 

2.1 Particulate matter (Including Berylllum)ls withdrawn 
lsokinetlcally from the stack gas stream and collected on 
filters In the stack. The weight of the beryllium collected 
Is measured by atomic absorption spectrophotometry according 
to Analytical Procedure lab 2. 

3. Range 

3.1 The minimum measurable emission of beryl I lum Is 
.oot gr/S0CF. 

4. Interferences 

None Known 

5. Apparatus 

5.1 Probe nozzle. The sampling train and Its components are 
shown In Figure IV-7. The probe nozzle shall be constructed of 
borosl I lcate glass, quartz, or stalnless steel. 

5.2 FIiter medium. Use Millipore Type "A" glass fiber disc 
type or equivalent. 

5.3 Connections. The connection between 
the fl lters and the first lmplnger must be able to withstand stack 
temperatures. Vinyl tubing Is acceptable In making all other 
connections. 

5.4 Pltot tube. Use a Stauschelbe (Type-S), or equivalent, 
with a known coefflclenct which Is constant within *5i over the 
entire working range, The pltot tube coefficient Is determined 
by placing both the S-type and the standard pltot tube In a gas 
stream and measuring the pressure head with both over the entire 
velocity range of Interest. Calculate the coefficient of the 
Type-S pltot ~ube as follows: 

ts 



where: 
Cp • Type-S pltot tube coefficient 

s 
~ Ps • Pressure head, Type-S pltot tube 

b Pstd• Pressure head, standard p I tot tube 

Cpstd• Standard pltot tube coefficient 

5.5 Temperature measuring device. Use a Chromel-Alumel 
thermocouple accurate to± 150F., connected to a temperature 
compensated null type potentiometer, or equivalent, to measure 
stack temperatures. · 

5.6 Condensers. Use three Greenberg-Smith lmplngers. 
The third lmplnger shall be modified by removing the Impaction 
plate and attaching a thermometer to the Inlet stem. 

5.7 Cool Ing system. Use an Ice bath to contain the lmplngers. 

5.8 Sample pump. Use e leek-free vacuum pump capable of 
maintaining a 1.0 CFM flow rate et 15 Inches of mercury. The 
pump must have a sample rate control valve end e vacuum gauge 
attached to the Inlet. 

5.9 SI Ilea gel tube. Use approximately 500cc of silica gel, 
followed by a Orlerlte Indicator, to Insure that the ges entering 
the dry test meter Is free of H20. 

5.10 Ory test meter. Use e 175 CFH dry test ~eter accurate 
within ±2% of the true volume and equipped withe thermometer 
to measure the outlet temperature. The working pressure across 
the meter shal I not exceed a one Inch water column. 

5.11 Rotameter. Use e cellbreted rotameter to measure the 
sampling rate. 

5.12 Pressure gauge. Use a Magnehellc differential pressure 
guage, or equivalent, In the same range as the velocity and static 
pressures being measured In the stack. 

5.13 Analytlcal balance. An analytlcal balance capable of 
measuring condensate weights to the nearest 0.1 gram Is acceptable. 

·5.14 Barometer. Use a barometer that Is accurate to 
within !0~2 Inches of mercury. 
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6. Pre-Test Procedures 

"-· 6 • I Imp I n g er prep a rat I on • F i I I ea c h o f two unmo d i f t ed 
Greenberg-Smith lmplngers with approximately 100ml of distilled 
water. Weigh and record the weights on the data sheet as shown 
In figure IV-8. 

6.2 Nozzle size determination. (Same as Section 6.3 In 
ST-15). 

6.3 Assemble the sampllng train as shown In Figure IV-7 

6.4 The entire sempl Ing train must be leek-checked .before 
each test run. Plug the sampl Ing probe. start the pump. and 
adjust the pump vacuum ·to 380mm Hg(l5" Hg). A leak rate through 
the meter which exceeds 0.57 1pm (0.02 CFM) Is unacceptable. 

7. Sampling 

7.1 Each test run shall be of 50 minute duration when 
testing emissions from continuous operations. Each test run 
at batch process opertlons shall be for 90% of the batch time 
or 50 minutes. whichever Is less. 

7.2 When Inserting the probe Into the stack rotate the 
nozzle so it points down stream to avoid e particulate collection 
prior to sampling. Immediately before sempllng rotate the probe 
so the nozzle points upstream. 

'-' 7.3 Sample at the traverse points determined in accordance 
with ST-1-S. 

7.4 Record the following Information et five-minute Intervals 
or whenever changing sempllng locations one fleld date sheet as shown 
rn ft gure I V-9. 

tack velocity head 
Semple time •lsoklnetlc sample rate 
Cumulatlve sample volume 
fmplnger saturation temperature 
Stack gas temperature 
lmplnger vacuum 
Ory test meter temperature 

7.6 Add Ice as necessary to maintain lmplnger temperatures 
at 70c (450F) or less. 

7.7. At the concluslon of each run. stop the pump, remove the 
probe from the stack and record the final meter reading. Point the 
probe upward and purge the sample train with ambient air. 

7.8 Conduct three consecutive test runs. 

8. Post-Test Procedures 

8-1 Analyze the filters and any material In the nozzle 
for beryl llum according to Analytlcel Procedure Lab 2. 
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9. Auxlltery Tests 

9.1 Determine the CO2, 0 end CO concentrations slmulten
eously with each partlculete ru~ In accordance with ST-5, ST-14, 
and ST-6. An Orsat anelysts(ST-24) Is also acceptable. 

10. Calcuretions 

10.1 I Standard Ory Sample Volume 

• 
TIll 

Where: 

• standard dry semple volume, SOCF 
at 70Df.and 29192 Inches Hg. 

• actual metered volume, ft3 
• beremetrlc pressure, Inches Hg. 
• Average Meter te~pereture OR 
• constant correcting to 70°F 

29.92 Inches H20. 

10.2 Weter Vepor Content 

Vo Pset 
• (.0474 We)+,Pb - Pt -Psct x100 

V + C.0474 We>+ Vg P51 t0 
Pb - P1 - Pset 

Where: 

• total condensate weight, el I
• lmplngers, grams 

Psat • weter saturation pressure, In 
Pb • barometr 1c pressure, Inches Hg. 
Pt • pump Inlet vacuum, Inches Hg. 
H20 • per cent water vapor

.0474 • cubic feet of vapor resulting from 
1 cubic centimeter of llquld H2 o~ 
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10.3 Stack Gas Molecular Weight -

MW -
MW • ~olecular weight 

SC02 • percent carbon dl~xld• by volume 
(dry basis) 

so2 • percent oxygen by volume 
(dry bas Is) 

sco • percent carbon monoxide by volume 
(dry basis) 

SH20 • percent moisture by volume 
JN2 • percent nitrogen by volume (dry 

basis - determine by difference> 

10.4 Stack Gas Flow Rate - Determine In accordance with ST-17. 

10.5 lsokfnetfc Ratio. Calculate for each traverse 
point as: 

• Tsl Qml 

--------------..--- x100%60 (100-Hl AV 51 ~ 1Tml 

where: 

R; • fsoklnetlc ratio at given point 
tr • time, at point r, minutes 
A • nozzle area, ft2 

Vst • stack velocity, point I, FPS 
T. • meter temperature, point I, ORr:l ■ stack temperature. point i, 0 R 
Qml • metered volume, point I 

co • minutes/hr. 

overall lsoklnetlc ratio for each run: 

R • 
x100j60(100-Hl ATm vs 1t 1T51 

10.6 Mass emissions. The emission rate of bervlll lum shal I 
be calculated as: 

M • W x x 60 x TQ0 

Yo 

where: M • mass emission rate, gr/day 
w • total weight of BE In filter and 

nozzle, grams. 
Oo • stack gas flowrate, S0CFM 
V • sample volume, S0CF 
TO • plant operation, hr/day 
60 • alinutes/hor 

11. Reporting 
data and Information Indicated Figure IV-10 shall11.1 The 

be reported. . ..... ; 
• J" . ....,. 19 
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Source Test Procedure ST-3 

BULK PLANTS 

REF:. Regs. 8-6-301 
8-7-301 

t. Applfcabllfty 

1.1 This procedure Is used to determine compliance with 
Regs. 8-6-301 end 8-7-301. 

2. Principle 

2.1 The efficiency of vapQr recovery et bulk plants ts 
determined by comparing the volume of gasolfne pumped into the 
tank with the volume of hydrocarbon vapors emitted from the pressure
vacuum (P-Y) rel lef valve. The ·vapor volume Is measured with a 
dry test meter.. 

3. Range and Sensitivity 

3.1 Not applicable 

4. Inte rfe rences 

4.1 The procedure cannot be used If the vapor balance 
system has any leeks. 

5. Apparatus 

5.1 Combustible gas detector. Use e Johnson-Will lams 
Type SS-P, or equivalent. 

5.2 Ory test meter. Use a dry test meter which wll I 
operate at the valve leak rate and Is fitted with a thermometer In 
the. outlet. The pressur-e dffferentlaf across the meter shell 
be less than 0.1 Inch H2o. 

5.3 Hose. Use tubing of sufficient length and diameter to 
connect pressure-vacuum valve and the dry test meter. 

6. Pre-Test Procedures 

6.t The overall condition of the fecltlltlas, especfelly 
the absence of leaks, shall be evaluated vlsually and with the 
combustible gas detector at the locations listed tn 6.2 and 6.3. 

·"""-
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6.2 Storage tanks. Check the P-V valve to insure proper 
operation. 

6.2.1 Check· pipfng at al I jofnts. 
6.2.2 Check the general storage tank area. 
6.2.3 Unintended openings (leaks> 

6.3 Loading facr I lties. 

6.3.1 Check the transfer pump packfng gland. 
6.3.2 Check the hoses and valves. 
6.3.3 Check the connection between the tank truck and the 

loading rack. 

6.4 Any leak over 50 pp~ as. c6 Is unacceptable. 

7. Testinq 

7.1 Test durfng a truck-to-tank transfer of fuel. 

7.2 ~easur• the tank truck fuer temperature. 

7.3 Connect the dry test meter to the pressure side of the 
P-V valve. 

7.4 During the transfer, check the lnspectfon points in 6.2 
adn 6.3 with the combustible gas detector. 

7.5 Record the total fuel deliver-y volume. 

7.6 Record the total volume recor-ded by the dry test meter 
and the temperature of the meter during the test. 

8. Calculations 

8.1 The vapor volume from the P-V valve shall be corrected 
to the tr-uck fuel temperature as: 

• 

where: • vapor volume at truck temperature, !? a I • VT 
• truck fuel tempera tur-e, OR 

Tr 
Tt.1 • meter te~peratur!, OR 

meter volume, ftV • 
7~48 • gallons/cubic ft. 

8.2 The vapor recovery eff lclency shal I be calculated as 

n • (i ~)100 
wher-e: n • efflcfency, ~ 

VL • I lquld del iver-y volume, gal. 

9. Reportin~ 

9.1 Results shall be reported as shown in Figure IV-11. 
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Source Test Procedure ST-4 

BULK TERMINALS 

REF: Reg. 8-6-301 

I. ,',0pl lcabi I tty 

I.I This procedure Is used to auantify hydrocarbon emissions 
from bulk ter~lnals having a vearly through-put of 6,000,000 
gal Ions or more. It Is eppllcable for determining compliance 
with Regs.·a-~-301. 

2. Principia 

2.1 The exhaust gas volume and hydrocarbon ~oncentratlon are 
measur~d at the vapor recovery system (YRS) out1et. From these 
parameters and the total volume of gasoline delivered, the emissfon 
factor is calculated. 

3. Ranqe and Sensltlvltv 

3.1 The minimum aad:maximum measurabte concentrations, 
as c4 , with the NOIR analvzer are 0.5~ and 60: respectlvelv. 

3.2 The sensitivity of the NDIR analyzer Is I~ of ful I 
scale. 

4. Interferences 

4.1 The presence of I I quid or gas leaks In the del iverv 
or vapor recovery systems preclude the use of this procedure. 

5. Apoaratus 

5.1 NOIR Hydrocarbon Analyzer. Use an Infrared Industries 
Inc. Hodel 203, or e~ulvalent, to measure hydrocarbon-concentrations 
at the VRS outlet. 

5.2 Chert Recorder. The recorder monitors end records 
the continuous output from the NOIR analyz~r. 

5.3 Ory test meter. Use a dry test meter capable of operating 
at the VRS a5•clrber;ou1'1et, c.-- • ; ·,e " ·'. c. -·: ·--~- ,. 

~· C . • 

5.4 Combustible gas detector. Use a Johnson-WIii Jams 
type SS-P or equivalent. 

5.5 Semple conditioning and delivery systems. The assembly 
of this system ls shown In Figure ~v-i24 

5.6 Zero air system. This system provides clean, dry 
atmospheric air for analyzer calibration and Is assembled as 
shown In Figure :rv-12. 
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5.7 Span gas system. This system provides e high-pressure .,.....,_, 
mfxture of hydorcerbon ges In nitrogen withe concentretion in the 
same renge es the concentration being monitored. 

5.8 Condensers. Use modified Greenburg-Smith lmplngers 
with the lmpectlon plates removed and the Inlet tube shortened 
to 3 or 4 Inches. Thl1 condenser removes entrained I lquld 
hydrocerbons from the ges sample. 

5.9 Pertlcul~te~fllt~r. Use a Belston type 95 holder, 
with grade B fl lter, or equivalent on the sample system. 

5.10 Connections. Al I sample I Ines shell be Teflon tubing. 

5.11 Semple pump. Use a leek free Teflon-I Ines diaphragm 
pump withe free-flow rating of 1.5 SCFM. 

5.12 Back pressure regulator. A back pressure regulator 
capable of maintaining semple pressure to the analyzer at 5 pslg 
whl le venting unused sample. 

5.13 Dryer/deodorizer. Use beds of sll Ice gel end ectlvated 
charcoal to remove moisture and hydrocarbons from the zero air 
st ream. 

6. Pre-Test Procedures 

6.1 Using the combustible gas detector, Inspect the 
gesoline loeding reeks, holding tank and vapor recovery unit 
for I I quid end gaseous leeks. 

6.1.1 If a leek Is detected the rest of the test shell be 
aborted until the leeks have been reparled. 

6.2 The test equipment Is set up es shown In Figure IV-13 

6.3 Zero end span t~• NDIR hydorcerbon analyzer according 
to manufacturer's Instructions. 

7. Samp 11 ng 

7.1 Conduct the test for a minimum of 6 hours during the 
busiest pert of the operating day. The· Hydrocarbon content at 
the YRS shell be measured contlnuously with the NOIR. 

7.2 Start the test when the vapor processing unit Is off. 

7.3 Record the following: 

7.3.1 Initial outlet meter .volume.· 

7.3.2 Holding tank dlep~ragm height. 

7.3.3 Initial readings from gasoline pumps et loading 
racks from those pumps which ere I Inked to the vapor recovery system. 

7.3.4 Outlet te~p•reture each time the unit Is operating. 
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7.4 Check the pressure relief velve on the holding tank 
with the combustible gas detector every half hour. If the rel lef 
valve opens during the test, the test results shell be invalidated. 

7.5 The test shall end with the holding tank diaphragm 
height at the same level es when the test was started. 

8. Post-Test Procedures 

8-1 Record the following: 

8:1:1 The flnal outlet volume meter reading 

8:1:2 The final meter readings from gasoline pump meters 
at the loadlng rack. 

9. Calculations 

9.1 The mess of hydorcerbons emitted 

• (0.796) <V 0 ) <C 0 > 

where: V0 • uncorrected meter volume, tt3 
Co • hydorce rbon concentretion as c4 ,% 
Mo • I bs, as C4 
T • average outlet temperature, 0 R. 

0.796° • a constant derived to convert 
a concentration to a mass, correcting 
to 70°F. 

9.2 The VRS outlet emission factor she I I be calculated as: 

E • Mo 
_x100 

G 

where: E • emission factor, lbs of hydorcarbon 
emissions per 1000 gallons of gasol lne 
de 11 vered 

G • Total gallons of gesollne del lvered. 

10. Reporting 

10.1 Results she I I be reported as In Figure IV-14 
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Source Test Procedure ST-5 

~ CARBON DIOXIDE, CONTINUOUS SAMPLING 

REF:-· Reg. 6.310.l 

I • App I I cab I I f ty 

I.I Thfs method rs used to quantify emissfons of carbon 
dioxide. It determines compliance with Reg. 6.310.1. 

2. Princiole 

2.1 A continuous representative gas sample is extracted 
from the sampllng point and condftloned to remove water and 
particulate material. The carbon dfoxlde concentration Is 
determined by passing a smal I portion of the sample through a 
non-dispersive Infrared analyzer (NOIR) tuned to a frequency 
at which carbon dioxide absorbs Infrared radiation. 

3. Range and Sensitivity 

3.1 The minimum and maximum measurable concentrations of 
CO 2 depend on the samp I e ce I I Iength In the ana Iyzer. 

3.2 The minimum sensltlvlty of the MOIR analyzer shal I be 
'!:2:: ot full scale. 

4. Interferences 

4.1 Possible Interferences include me~hanol, ethanol and 
water. 

5. Aoparatus 

5.1 Carbon dioxide analyzer. Use an Infrared lndustrfes 
Inc., Model 703 analyzer or its equlvalent. 

5.2 Chart recorder. The recorder monitors and records 
the continuous output from the analyzer. 

5.3 Sample condftionfng, zero air, and span gas system. 
The assembly of this system rs shown fn Figure fV-JS. The sample
conditioning system provfdes a dry, particulate free gas flow 
to the instrument. The zero air system provfdes clean dry 
atmospheric air for Instrument calibration. The span gas 
system provfdes a known concentration of co 2 for use fn 
cal lbratlng the analyzer. Except as specified, al I materials 
which come in contact wfth either the sample or span gases 
must be constructed of Teflon or stain less steel. 



5.4 S~mple probe. Use e borosll lcate glass tube of 
sufficient length to traverse the stack being tested. If 
the stack temperature exceeds 425C (SOOr), use a quartz proDe.
Other probes ere acceptable subject to aooroval bv t~e Source 
Test Section. · 

5.5 Condensers. Use modified Greenberg-Smith lmplngers 
with the impaction plates removed and the inlet tube shortened 
to a length of 10cm (4 Inches), or equivalent. 

5.6 Cooling syste~. Immerse the impingers in en Ice bath 
during the test. 

5.7 Particulete filter. Use a Balston type 95 holder 
withe grade S filter, or equivalent, in the sample system. 

5.8 Pumps. Use leak-free, Teflon-lined, diaphragm pumps 
in the sample and zero ~tr systems. The pumps must heve a 
cap a·c i ty of at Ieast. 2 8 I I t •rs/ra f n ( f • O CF M) • 

5.9 Beck-pressure regulator. Us~ e beck-pressure regulator 
to meintein the sample and zero ges sample pressures to the 
instrument at five pslg. 

5.10 Gas scrubber. Use a bed of si lice gel, Ascarite 
(or soda-I ime), end charcoal to remove moisture, cerbon dioxide, 
end hydrocarbons from the zero air system. 

5.1 I Span ges. Use e hlgh-pres'sure cyl !nder conteining e .........._ 
known concentration of CO 2 in elr or nitrogen. The span gas 
concentration must be In the same range es t~e source being tested. 

6. Fre-Test Procedures 

6.1 Warm-up the Instrument according to manufecturer's 
instructions. 

6.2 Assemble the sampling system as shown in Figure .IV-15. 

6.3 Leak-test the sampl Ing system by starting the pump, 
plugging the probe, and determining that the pressure to the 
analyzer fal Is to zero. Other leek-tests are acceptable 
subjecT to the approval of the Source Test Section. 

6.4 Introduce zero air, Into the analvzer and zero the 
Instrument according to manufacturer's instructions. 

6.5 Introduce span gas into the analyzer end eat lbrate 
the instrument according to manufacturer's instructions. 

6.6!Conduct e pref lmlnary concentration traverse ~ccording 
to ST-18) to determine If stratification of the stack gases exists. 
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If the CO concentration at any point differs from the average 
concentraiion by more than 10~, traverse the stack durln~ the 
test. If not, sample at any single point. 

6.7 Set-up the chart recorder according to manufacturer's 
Instructions. 

7. Samp I I n_g 

7.1 Each test run shall be of thirty minute duration 
when testing emissions from continuous operations. Each test 
run at a batch process operation shal I be for 9O~ of the batch 
time or thirty minutes. whichever Is less. 

7.2 Introduce sample gas Into the analyzer at the same 
flow rate used to callbrate the analyzer. 

7.3 Maintain Ice in the cool Ing system throughout the test. 

7.4 Calibrate the analyzer before and after each test 
run. Record each step of the process clearly on the chart 
recording. 

7. 5 Conduct .three test runs. 

8. Calculatlons- . . 

8.1 From the chart recording determine the time-averaged 
concentration of co2 on a dry basis for each run. 

9. Repor"tlng 

9. I These values are determined es auxfllary data for 
other poocedures end shell be reported with those test results. 
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Source Test Procedure ST-6 

CARBON MONOXIDE CONTINUOUS SAMPLING 

REF: Reg. 8-1-110.3, 10-8-301. 

I. Appl tcab i I tty 

I .I This method Is used to Quantify emissions of carbon 
monoxide. It determines compliance with Reg. 8-1-110.3. 

2. Principle 

2.1 A continuous representative gas sample is extracted 
from the sampling point end conditioned to remove water and 
partlculate materiel. The carbon monoxide concentration ~s 
determined by passing e smell portion of the sample through e 
non-dispersive Infrared analyzer CNOIR) tuned to a frequency 
et which carbon monoxide absorbs Infrared radiation. 

3. R~nge_and Sensitivity 

3.1 The minimum and maximum measurable concentrations 
of CO depend on the sample cell length In the analyzer. 

+ 3.2 The minimum sensitivity of the NOIR analyzer shal I be 
-2% of full scale. 

4. Interferences- . 

4.1 Cyanogen and methyl azide ere possible interfering 
species. 

5. Apparatus 

5.1 Carbon monoxide analyzer. Use a Mine Safety Appl lance 
Co. LIRA ~odel 202 a~alyzer or Its eotiivalent. 

5.2 Chart recorder. The recorder monitors end records 
teh continuous output from the analyzer. 

5.3 Sample conditioning, zero air, and span gas system. 
The assembly of this system ts shown In Figure IV-16. The sample 
conditioning system provides a dry, particulate free gas flow 
to the Instrument. The zero air system provides clean dry 
atmospheric air for Instrument calibratton. The span gas system 
provides a known concentration of CO for use in cal tbrating the 
analyzer. Except as specified, el I materials which come In contact 
with either the sample or span contacting surfaces must be 
constructed of Teflon or stainless steel. 
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5.4 Semple probe. L-;;e e borosi I Jcete gless tube of ~-
sufficient length to traverse the steck being tested. If 
the stack temperature exceeds 425C CSOOF), use e quertz probe. 
Other probes ere eccepteble subject to epprovet by the Source 
Test Section. 

5.5 Condensers. Use modified Greenberg-Smith lmplngers 
with the i~pection pletes removed end the Inlet tube shortened 
toe length of 10cm (4 inches), or equlvelent. 

5.6 Cooling system. Immerse the impingers ln en lee 
beth during the test. 

5.7 Pertlculete filter. Use e Belston type 95 holder 
· with grede B filter, or equlvelent, ln the semple system. 

5.8 Pumps. Use leek-free, Teflon-lined, diephregm 
pumps ln the semple end zero err system. The pumps must heve e 
cepeclty of et leest 28 llters/fflln (1.0 CFM). 

5.9 Beck-pressure reguletor. Use e beck-pressure reguletor 
to meinteln the semple end zero ges semple pressures to the 
instrument et five psig. 

5.ro Ges scrubber. Use e bed of sillce gel, Ascerite 
(or sode-1 lme), end chercoel to remove moisture, cerbon dioxide, 
end hydrocerbons from the zero elr system. 

5.11 Spen gas. Use e hlgh-pressure cyl lnder oontelning a 
known concentretlon of CO in air-or nitrogen. The spen ges 
concentretlon must be In the seme renge es the source belng tested. 

6. Pre-Test Procedures 

6.1 Werm-up the Instrument eccording to menufecturer's 
instructions. 

6.2 Assemble the sempl Ing system es shown in Flgure I. 

6.3 Leek-test the sempl lng system by sterting the pump, 
plugging the probe, end determinlng thet the pressure to the 
enelyzer fells to zero. Other leek-tests ere eccepteble subject 
to the epprovel of the Source Test Section. 

6.4 Introduce zero eir, Into the enelyzer end zero the 
instrument according to menufectur~r's instructions. 

6.5 Introduce spen ges Into the enelyzer end cellbrete 
the Instrument eccordlng to menufecturer's Instructions. 

6.6 Conduct e prelimlnery concentretlon traverse (eccordln~ 
to ST-18) to determine If stretlficetlon of the steck geses 
exists. If the CO concentration et eny point differs from the 
everege concentration by more then 10% traverse the steck during 
the test. If not, semple et eny single point. 

6.7 Set-up the chert recorder eccordlng to menufecturer's 
Instructions. 
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7.Sampling 

7.1 Each test run shal I be of thirty minute duration when 
testing emissrons from continuous operations. Each test 
run at a batch process operatron shall be for 90% of the batch 
time or thirty minutes, whichever Is less. 

7.2 Introduce sample gas into the analyzer at the same 
flow rate used to cal lbrate the analyzer. 

7.3 Mafntain ice rn the co61ing system throughout the test. 
' 

7.4 Calibrate the analyzer before and after each test 
run. Record each step of the process clearly on the chart 
recording. 

7.5 Conduct three test runs. 

8. Calculations 

8.1 From the chart recordfng determine the trme-averaged 
concentration of CO on a dry bas rs for each run. 

9. Reportf ng 

9.1 Report the results indicated on Figure _IV-17. 
9.2 These values are also determined as auxllfary 

data for other procedures end shall be reported wfth those 
test results. 
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Source Test Procedure ST-7 

NON-METHANE ORGANIC CARBON 

REF: 8-2-301 
8-4-301 
8-4-302.303 

1. Appllcablllty 

1.1 This method Is used to quantify emissions of non
methane organic carbon for determining compliance with Reg. 8-2-301, 
8-4-302,303. This method Is also us•d to quantify emissions of 
total oxldlzable carbon <organic carbon plus carbon aonoxlde ), 
hereafter referred to as "TOC" for determining compliance of 
afterburners. 

1.2 Use method A (below) when carbon dioxide constitutes 
over 85%, on a molar basis, of the total carbon <organic plus 
Inorganic, as C1 > In the sample; otherwise use Method B. 

2. Princlple 

2.1 A continuous sample of effluent Is conditioned to 
remove water and particulate material. A smell portion of the 
conditioned effluent Is continuously analyzed by either method 
A or B. 

2.1.1. Method A. The Sample Is passed through a bed of 
soda-I lme to remove carbon dioxide. and then through e combustion 
tube to oxidize ell organic carbon and carbon monoxide to 
carbon dioxide. The carbon dioxide concentration Is contlnuously 
monitored ·with a non-dispersive Infrared analyzer (NOIR) to 
Indicate the TOC concentration In the sample. 

2.1.2 Method· B. The sample Is divided Into two equal 
volume streams, one of which passes through the combustion tube. 
The streams are alternately analyzed ~Ith the NOIR for carbon 
dio~lde. The difference In analyses between the streams 
represents the total oxldlzable carbon (TOC) concentration 
of the sample. 

2.2 The methane content of the sample Is determined either 
(A) by fl If Ing an evacuated cylinder with sample for subsequent 
gas chromatographic analysis or (8) by directing a portion of 
the conditioned sample through a bed of activated carbon to 
remove non-methane organics and then Into a flame Ionization 
detector. Subtraction of the methane concentration from TOC 
yields non-methane Toe. · 

2.3 If organic carbon alone Is measured a separate 
continuous analysis for carbon monoxide with en NOIR Is 
subtracted from the TOC. 
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3. Range and Sensitivity 

3.1 The minimum measurable concentration of TOC 10 ppm
i f th e a p p ro pr I ate ND I R c e I I I s u s e d • 

3.2 The maximum concentration of TOC for wh1ch this 
procedure ts applicable rs SJ when the epproprlate NOIR eel I 
and sample dilution are used. 

3.3 Use of thrs procedure requires a molar concentration 
ratio .. of oxygen to TOC of 10.1 or greater. Sample dilution 
may be used to achieve the 10:1 ratio. 

3.4 The sensitivity of the NOIR Is !2J of ful I scale. 

4; Interferences 

4.1 Negative bias •ay occur due to reaction of highly 
reactive organics (e.g. aldehydes or acids) with Internal 
surfaces or If the condensation point of the sample ts above 
the condenser temperature. ' 

4.2 Additional negative bias may occur In Method A due 
to absorption of alcohols, acrds and aldehydes by the carbon 
dioxide scrubbing medium. 

4.3 High concentrations of carbon monoxide may preclude 
the use of this procedure for the measurement of only the organic 
portion of the TOC. 

5. Apparatus 

5.1 Carbon dloxrde analyzer. Use an Infrared Industries 
Inc. Gas Aenlyzer Model 703, or Its equivalent. 

5.2 Carbon monoxide analyzer. Use an Mine Safety Appliance 
Co. LIRA Model 202, or Its equivalent. 

5.3 Flame Ionization detector Conly If needed for methane 
analysis). Use a Beckman Model 400, or equivalent, If necessary 
for methane analysts. 

S.4 Chart recorder. Record the continuous output from the 
analyzer. 

S.S Sample conditioning, zero air, and span gas system. 
Assemble this system as shown In Figure IV-18. Sample conditioning 
system shal I provide a dry, particulate-free gas flow to the 
Instrument. The zero-alr system shall provide clean dry 
atmospheric atr for Instrument caltbratlon. The span-gas system 
shall provide known concentrarons of the appropriate gas for 
use In calibrating the analyzers. Except as specified, ell 
materials which come In contact with either the sample or span 
gases must be constructed of Teflon or stainless steel. 
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5.6 Semple probe. Use e borosilicate glass tube of 
sufflcient length to traverse the stack being tested. If the 
stack temperature exceeds 425C (800F), use e quartz probe. 
Other probes ere acceptable subject to approve! by the Source 
Test Section. 

5.7 Condensers. Use ~odlfled Greenberg-Smith lmplngers 
wlth the Impaction plates removed end the Inlet tubes shortened 
toe length of 10cm (~ Inches). Equlvelent condensers mey be 
used. 

5.8 Cool Ing system. Immerse the lmplngers In en lee beth 
durlng the test. 

5.9 Pertlculete filter. Use e Baisten type 95 holder 
withe grade B fllter, or equivalent, In the sample system. 

5.10 Pumps. Use leak-free, Teflon-lined, diaphragm pumps 
In the sample and zero air system. The pumps must have a 
free-flow capacity of et least 28 liters/min (1.0 CFM). 

5.11 Beck-pressure regulator. Use a beck-pressure regulator 
to meinteln the sample end zero ges sample pressures to the 
Instrument et five pslg. 

5.12 Gas scrubber. Use e bed of slllce gel, Ascerlte 
(or soda-Llme>, end charcoal to remove moisture, carbon 
dioxide, end hydrocarbons from the zero air system. 

5.13. Span gas. Use a hlgh-pressure cylinder containing 
e known concentration of propane In air or nitrogen. A cylinder 
containing e known concentration of solvent, where eppllceble, 
may also be used. This option may only be used with prior 
approval of the Source Test Section. 

5.14 Sode-llme bed. Use a bed of sufficient capacity to 
remove carbon dioxide from the sample for et least a thirty 
minute sampling period. _ 

5.15 Quartz combustor. Use a system to oxidize all organics 
In the sample lncludlng methane. ExempJes of acceptable 
combustion tubes found adequate by the BAAPCO ere described In 
Figures IV-19 end 20. 

6. Pre-Test Procedures 

6.1 Warm-up the Instrument according to manufacturer's 
Instructions. 

6.2 Assemble the sampling system as shown In Fugure IY-21. 

6.3 Leak-test the sampling system by starting the pump,· 
plugging the probe, and assuring that the pressure to the 
analyzer falls to zero. 

6.4 Introduce zero-air Into the analyzer and callbrate 
the Instrument accordlng·to manufacturer's Instructions. 



6.5 Introduce span-gas into the analvzer and calibrate 
the instrument according to manufacturer's Instructions. 

6.6 Conduct a preliminary conc9ntratlon traverse (in accordance 
with ST-18) to determine if stratification of the stack gases 
exists. If the hydrocarbon concentration at any point differs 
from the everage concentration by more than 10~ traverse the stack 
during the test; If not, sample at any single point. 

6.7 Prepare the chart recorder according to manufacturer's 
instructions. 

6.8 Figure IV-22 shows an acceptable. semple difutlon system.
Equivalent dilution systems are acceptable. · 

6.9 Set the voltage to the combustor et least 14 volts A.C. 
for the combustor in Figure ·1v-19 & 32 volts A.C. for the combustor 
In Flg.lV-20. Al I voltages will be ~ombustor specific and efficiency 
date will be requested by the Source Test Section. 
7. Sampling 

7.1 Each test run shall be of 30 minute duration when 
testing from continuous operations. Each test run of e batch 
operation shat I be for 90% of the batch time or thirty minutes, 
whichever is less. 

7.2 At sources requiring both Inlet and outlet tests on a 
control device (e.g. afterburners), the test times r.iay be 
adjusted to aid in obtelning representative results. 

7.3 Adjust the dilution system (if required) to obtain a 
known dilution ratio. 

7.4 :-1ethcd A. l"ltroduce sample ~as into the Method ft. 
analyticel systern at the same flow rate used to calibrate t!'le 
analyze!"'. 

7.4.1 Adjust the sample system to achieve flew t~rou9h 
the soda-I ime scrubber and the COl'lbustlon tube. 

7.4.2 Periodically pass CO? span gas through the system 
and ascertain that the NOIR analyzer reads zero; if it does not, 
replace the scrubber medium. 

7.5 Method 8. Introduce sample gas into the Method 8 TOC 
analytical system at the same flow rate used to calibrate the 
analyzer. 

7.5.1 By-pass the soda-I lme scrubber end pass the samole 
stream through the combustion tube. ' 

7.5.2 (At approxlmetely ten mln~te lntervels). By-pass 
the combustion tube to ~easure the backoround co~ in the sample- ...
stream. 
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7.6 Meinteln lee in the cool Ing system throughout the test. . ~ 

7.7 Celibrete the enelyzer before end efter eech test run. 
Record eech step of the process on the chert recording. 

7.8 If e semple dllutlon system is being used, check the 
dilution retio before end efter eech test run. 

7.9 Determine the methene concentretlon by pessfng e portion 
of the semple streem through en ectlveted cerbon scrubber to 
remove non-methene hydrocerbor. end then through e fle~e ionlzetion 
detector. 

8. Auxll lery Tests 

8.1 Steck ges flow rete. Use ST-17 to determine the steck 
ges flow rete efter eech test run. 

8.2 Moisture content. Use ST-23 to determine the moisture 
content of the steck geses. 

' 
8.3 Cerbon monoxide concentretton. Slmulteneously ~Ith eech 

test run, use ST-6 to determine the CO concentretion. 

9. Celculetlons 

9.1 Determine the tlme-evereged uncorrected TOC concentretlon 
(Jncluding CH 4 end CO). -

Method A•••••• C1oc • Cco2 

Method B•••••• Croc • ACco2 

where: • everege uncorrected totel oxidlzeble 
carbon (es c1>, ppm 

• everege cerbon dioxide concentretlon, 
str,em I, ppm 

everege difference In concentration, 
combusted - noncombusted, ppm 

9.2 Non-methene TOC concentretlon: 
I 

C 
C - CCTOC TOC m 

where: C • methane concentretlon, ppm 
C, m Totel oxldfzeble cerbon excluding methene Ces c 1 >ppmTOC •

9.3 Non-methane organic concentration of the TOC: 

• 

where: • org~ntc carbon concentretlon, es c1, ppm 

• everege cerbon monoxide concentretlon, pom 

9.4 Mess flow rete of the orgenlc portion of the TOC, es Cerbon. 

• 1.86 x IO-~Q C0RG
0 
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where: MORG = mass flow of organic carbon, as c 1, 
lb/hr. 

Q • gas flow rate, SDCFM 
0 

1.86 • constant derived to convert concentration 
to mass at 70F and 29~92 inches Hg. 

9.5 Mass flow rate of the carbon monoxfda: 

M • 4.34 x 10-6 Q Cco
0co 

where: Meo• mass flow rate of CO, lb/hr. 
4.34 • constant derived to convert concentration to 

mass at 70F and 29.92 Inches Hg. 

9.6 If organic emissions are control led by Incineration, 
the abatement efficiency of oxidation to carbon dioxide (for 
determlnatl~n of exemption) shall be calcul~ted as In Table A. 
"In" and "out" refer to control device Inlet and outlet, 
respectively. 

TABLE A 

Situation Efficiency 

<Meo> NI • 100 x CMTOC>in - CMroc>out 
out CMQRG) in 

CMQRG) In - (MQRG>out"C'Mco>out (Meo) in 
(MoRG) In 

Mroc = 1.a6 x 10-6 AoCroc 

9.7 If organic emissions are control lee by means other than 
Incineration, the mass efficiency of organics abatement shal I 
be calculated as 

Efficiency• <MoRG>1n - (MQRG>out 
X 100

(MoRG) in 

10. Reprotlng 

10.1 The data and Information Indicated in Ftgure IV-23 
shal I be reported. 
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Source Test Method ST-8 

DIMETHYLSULFIDE 

REF: Reg. 7-303 

1. Appl icabi I lty 

1.1 This method Is used to determine emissions of 
dlmethylsulflde (OMS). It ls applicable to the determination 
of compliance with Reulatlon 7-303 

2. Principle 

2.1 A sample Is collected In a clean Tedlar bag. The 
semple Is analyzed for OMS by chromatography with flame 
photometric detection. 

3. Renge and Sensitivity 

3.1 The minimum measurable concentration of OMS Is 15 ppb. 

3.2 Non-linear response by the flame photometric detector 
occurs for OMS concentrations over 10ppm. However, appropriate 
dilution of the sample wl II allow concentrations up to 50 ppm to 
be analyzed • 

. 
4. Interferences - none known 

5. Apperatus 

5.1 Sempling p~obe. Use a borosl llcate glass tube fitted 
et the downstreem end with an appropriate tubing connector. 

5.2 Sample bag. Use a Tedlar bag equipped with a capeclty 
of et leest 10 liters and equipped with two stainless steel valves. 

5.3 Sempllng pump. Use a leak-free Teflon-lined ~laphragm 
pump, or equlvelent, cepable of et least 0.5CFM. 

S.4 Sample lines, Use Teflon. 

5.5. Drier/deodorizer. Use three glass cartridges fitted 
with bell joints. The first contatns Orlerlte <calcium chloride); 
the others contain ectlvated carbon and shall be followed by a 
Pyr-ex wool fl lter-. 

6. Pre-Test Procedures 

6.1 Before going to the test site, assemble the train as 
shown In Figure IV-24. Pur-ge the entire tr-aln, Including the Tedlar 
beg, untll the discharge Is clean. The Tedler- bag Is considered 
cleen when the laborator-y analysis deter-mines the OMS concentr-etlon 
to be undetectable. 
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 
Firm Reprnentative and Title 

Phone No. 
l•pert H._··-·····-·-······· ··-•··••·-·· 

Source: 
Te1t0at•: ........... . 

Conditions During Tests t ..+r.....a: 

l,.• A:............... 
Operam 'rrr/eay & days/yr 

Operating Parameters Ro.. I..-··--·---·•-•· ·••·······-···-· 

a-(:_____ .... ·• ······ ······· ··--·-

Test ResuHs CH1d Commfflb 

METHOD 

ST-17- ST-14 
ST-5 
ST-6 
ST-23 
ST-7 

ST-6 

RUH A RUN 8 RUN C AVG. 

!ill !l!* Q.Y.!.** !!!. Q!!!. ili Q1!I. .lli Q.Y.I. 

Run time, minutes 
semple point temp., °F. 
Flow rate, SOCFM 
02, dry basis,% 
CO2, dry besls, % 
CO, dry besls, % 
H20, ectual basis,% 
Non-methane organic 
cerbon, as C1 
e) pp11 Cdry) 
bl lb/hr 
Carbon monoxide 
a) ppm <dry l 
bl lb/hr.
Abatement efficiency, j 

FIG. IV-23 

• control device Inlet 
•• control device outlet 
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6.3 /\t.the samolino site, asser.ible the tr?in as shown in 
rigure IV-24 leaving out the drier-deodorizer. 

7. Sampling 

7. I For stack sources, insert the probe i rito the stack. 

7.2 For ambient sample, sample where the odor appears 
to be strongest. 

7.3 Start the pump and purge the gas to be samoled through 
the pump and bag tor five minutes. 

7.4 ihen close the outlet valve on the Tedlar ~ag and tit I 
the bag over a period of not less than three minutes. 

7.5 Three bags fi I led as In 7.3 a~o 7.t. snal I constitute 
~ test. 

a. Post-Test Procedures 

a. I The bags must be analvzed fer OMS ~ithin four hours 
of collection. Refer to .~.nalytical Procedure Lab-3. 

? • Repol'"t in~ 

? • 1 ihe resu It of each test is reported as shown rn 
Figure IV -25 • 
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Source Test Procedure ST-9 
LEAD 

REF Regs. 10-1-301, 11-1-301 

I • Ap p I I ca b I I I ty 

1.1 This procedure ts used to quantify emissions of 
Lead. It determines compltance wtth Regs. 10-1-301 end 
11-1-301. 

2. Prtnctple 

2.1 The stack gases are withdrawn lsokfnetically end 
passed through a glass fiber fitter and lmplRgers containing 
Iodine monochlorlde. The ftlter and lmptnger catches ere 
then measured for lead content according to An~lytfcal 
Procedure Lab 4b. 

3. Range 

3.1 The Minimum measurable emission of particulate lead 
Is 7 x 10-5 grafn/SOCF and gaseous lead Is 2 x 10-5 sr/SDCF. 

4. Interferences. None known. 

5. Aoparatus 

5.1 Probe no~zle. The samplfng train and its components 
are shown in Figure IV-26. The probe nozzle shall be constructed 
ot boroslllcate glass, quartz, or stalnless steel. 

5.2 FIiter medium. Use a Gelman, Type "A~ glass fiber 
disc type fitter or equfvalent. 

5.3 Connection. The connection between the fitter and 
the first Imp Inger must be able to withstand stack temperatures. 
Vlnyl tubing ts acceptable In making all other connections. 

5.4 Pftot tube. Use a Steuschefbe (Type-s,, or equivalent, 
with a known coefficient which Is constant within ±5j over the 
entire working range. The pttot tube coefficient Is determined 
by placing both the S-type and the standard pltot tube In a gas 
stream and measuring the pressure head with both over the entire 
velocity range of Interest. Calculate the coefficient of the 
Type-S pftot tube as follows: 

Cps• Cpstd 

•here: Cp • Type-S pltot tube coefficient 
6P 5 

• Pressure head, Type-S pJtot tube. s 
APstd • Pr-assure head, standar-d pltot tube 

CPstd • Standard pltot tube coefficient. 

'-' 
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 
firm Nome arid Addresi Firm RepreHntoti•• and Title I 
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1 .. 11c:....._. ·-············. 

Test Resulh ond Comments 

METHOD ..In_T RUN A RUN B RUN C 

ST-8 Oimethylsulffde, ppm 

FIG. IV-25 
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5.5 Temperature measuring device. Use a Chromel-Alumel 
thermocouple accurate to ±15°F., connected to a temperature 
compensated nul I type potentiometer, or equivalent, to meas~re 
stack temperatures. 

5.6 Absorbers. Use three Greenberg-Smith lmptngers. 
The third lmplnger shall be modified by removing the Impaction 
plate and attaching a thermometer to the Inlet stem. 

5.7 Cooling system. Use an fee bath to contain the 
tmpfngers. 

5.8 Sample pump. Use a leak-free vacuum pump capable of 
maintaining a 1.0 CFM flow rate at 15 Inches of mercury. The 
pump must have a sample rate control valve and a vacuum gauge 
attached to the Inlet. 

5.9 Sllfca gel tube. Use approximately 500cc of sfllca 
gel fol lowed by Orlerfte Indicator to Insure that the gas 
·entering the dry test meter ts free of H20. 

5.10 Cry test meter. Use a 175 CFH dry test meter 
accurate within t2j of the true volume and equipped with a 
thermometer to measure the outlet temperature. The working 
pressure across the meter shall not exceed a one Inch water 
column. 

5.11 Rotameter. Use a calibrated rotameter to measure 
the sampllng rate. 

5.12 Pressure gauge. Use a Magnehellc differential 
pressure gauge, or equlvaler.t, In the same range as the velocity 
and static pressures being measured In the stack. 

5.13 Analytical Balance. An analytical balance capable 
of measuring ~ondensate weights to the nearest 0.1 gram Is 
acceptable. 

5.14 Barometer. Use a barometer that Is accurate to 
within to.2 Inches of mercury. 

6. Reagents 

6.1 O.IM Iodine Monochlorlde - Refer to Analytlcel 
procedure Lab-6. 

7. Pre-Test Procedures 

7.1 fmptnger preperetfon. Fl II each of two unmodified 
Greenberg-Smith lmplngers with approxlmetely 100ml of Iodine 
monochforlde. Weigh and record the weights on the data as 
shown In Figure IV-27. 
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7.2 Nozzle size determination. Do the preliminary tests 
outlined below to determine the correct nozzle size to aid In 
lsoklnetlc sampling. 

7.2.1 Determine the number and location of the stack 
traverse points In accordance with ST-18. 

7.2.2 Conduct a veloclty traverse In accordance with 
ST-17 end mvesure the stack gas temperature. 

7.2.3 Determine the moisture content of the stack gases 
In eccorednce with ST-23. 

7.2.4 Nozzle diameter. 

On • 13.7 [ v,<1~~-:C H20>1 
On • nozzle diameter, mm 
T5 • stack gas temperature, 0 R 

H20 • stack gas moisture concentration, J 
13.7 • a constant based on en assumed meter rate of 

0.5 CFM, meter temperature of 70F, end a 
molecular weight of 28.8. 

Vs • stack gas velocity fps as calculated In Section 
8.2 of ST-17. 

7.3 Assemble the sampling train es shown In Figure IV-26. -7.4 The entire sampling train must be leak-checked before 
eech test run. Plug the sampllng probe, start the pump, end 
adjust the pump vacuum to 380mm Hg (15"hg). A leek rate 
through the meter which exceeds 0.57 1pm (0.02 CFM) Is unacceptable. 

a. Sampllng 

8.1 Each test run shell be of 50 minute duration when 
testing emissions from continuous operations. Each test run 
at batch process operatJons shall be for 90% of the batch time 
or 50 minutes, whichever Is less. 

8.2 Sample at the traverse points determined In accordance 
with ST-18. 

8.3 The sampling rate at each traverse point must be 
lsoklnetlc. Measure the stack velocity and stack temperature at 
each sample point and adjust the meter flow rate according to 
the followlng equation: 

Om • ..!:_638 x to-3 CI00-H20) Dn 2Vs 
Ts 

• lsoklnetlc sampllng rate, ACFM 
• meter temperature, 0 R 
• stack gas moisture content (from 6.3.3)
• constant derived from 60 sec/min, 70°F, 

29.92 In. Hg end molecular weight. -
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·· 8.4 When inserting the probe into the stack rotate the 
nozzle so it points down stream to avoid particulate collection 
prior to sempllng. lrnmedlately before sampling rotate the probe 
so the nozzle points upstream. 

8.5 Record the following Information at five-minute Intervals 
or whenever changing sampling locatlons on a field data sheet as 
shown In Figure IV-28. 

Stack velocity head 
Sample Time' 
Sample raTe 
Cumulative sample volurne 
lmplnger saturation temperature 
Stack gas temperature 
linptnger- vacuum 
Ory test meter- temperature. 

8.6 Add Ice as necessary To maintain lmptnger temperatures 
at 70oC (45°F> or less. 

8.7 At the conclaston of each run, stop the pump, remove 
the probe from the stack and record the final meter reading. 
Point the probe upward and purge the sample train with ambient 
a Ir. 

8.8 Take three consecutive samples. 

9. Post-Test Procedures 

- 9.1 Rinse the nozzles with approximately 50ml of 6 normal 
nitric actd. 

9.2 Analyze the filter, any material In the nozzle and the 
ICI solutions for lead according to Analytical Procedure Lab 4b. 

10. Auxiliary Tests 

10.1 Determine the CO2, o2 and CO concentrations simultaneous 
with each particulate run In accordance with_ ST-5, ST-14, and sr.:.6. 
An Orset analysis (ST-2) ts also acceptable. 

11. Calculations 

11.l Standard Ory Sample Volume 

17. T1 VmPbVo • 
Tia 

.where: Yo • standard dry sample volume, SOCF@ 70°F 
and 29.92 Inches Hg. 

Vm • actual metered volume, ft3 
Pb • barometric pressure, Inches Hg • 
Tm • Average meter temperature, OR 

17.71 • constant correcting to 700F and 29.92 
Inches Hg • 
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l 11.2 Water Vapor Content 

HO• <.0474 We>+ Pb -- P1 - Pset 
2 -~p-s-e~t---------- x 100----------~y0 

Vo+C.0474 We>+ Pb - pl - Pset 

where: W • totei condensate weight, all lmplngers, grams 
Pc• water saturation pressure In lmplngers, Inches 
P~at. barometric pressure, Inches Hg. 
Pt • pump Inlet vacuum, Inches Hg. 
H20 • percent water vapor 

.0474 • cubic ft of vapor resulting from I cubic 
centimeter of llquld H20. 

11.3 Stack Ges Molecuter Weight. 

MW 

molecular weight 
percent carbon dioxide by volume (dry basis> 
percent oxygen by volume (dry basis) 
percent carbon monoxide by volume (dry basis> 
percent moisture by volume 
percent nitrogen by volume (dry basis - determine 
by difference) -11.4 Steck Gas Flow Rate - Determine In accordance with ST-17 

11.5 Mess Emission Rate 

M • W.x 60 x 00 

454 X 10-6 X Vo 
X T 

where: M • mess emission rate, lbs/day 
W • total wt. of lead collected 

end lmplngers,JJ-grems 
Q0 • stack gas lfowrate, SOCFM 
V • sample volume, SOCF 
T

0 
• plant operation, hr/day 

60• minutes/hour 
.454• grams/pound 

In fllter 
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11.6 lsokinetic Ratio. Calculate for each traverse 
point as: 

RI • Tsl Qml.....,..,,_,_,...,,..,,...,,.....,--.-.......----..---x 100% 
60 (100-H) AVsltlTml 

where: 
R1 • lsoklnetlc ratio at given point 
t, • time, at point 1. minutes 
A • nozzle area. ft2 

Vsl • stack vetoclTy. pofnt 1. FOS 
Tmf • meter temperature, point I, OR 
1 stack temperature, point I, ORsr • 
Qdll • metered volume, point I 

60 • seconds/minute 
overa 11 lsoklnetlc ratio for each run: 

R • 

12. Repor"t Ing 

shall 
11.1 The data 

be reported. 
and Information Indicated In Figura IV-29 

/ 

-
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 
Firm Representative and Title 

Phone No. 

Firm Nome ond Address 

le,-rt No..·-··--·-······ . ············--·· 

Tnt Dofe: .•..........--·----------·-
Conditions Curing T eds Teat i""': 

llv• "=···--······ ....',,,/day & do'(fl/yr 

Operating Parometen ll.e •·.·---·· --··•········· ·••· 

It.. C: ··-- ··••·· ·••·•···· ····•· ··--

Test Rosulh ond Comments 

METHOD RUN A RUN B RUN C 

Run time, minutes 
STeek gas temp., °F. 

ST-17 Stack flowrate, SOCFM 
. -1 4 02 cone, dry basis, J . 

CO2 cone, dry basis, J-- -5 
ST-6 CO cone, dry basis,% 

• ST-23 H20 cone, actual, % 
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lsoklnetle ratio 
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Source Test Procedure ST-10 

MERCURY 

Ref: Reg. 11-5-301 

I. App I lcebt I tty 

I.I Thls method ts used to quantify emissions of geseous 
end partlculate mercury. It determines compliance with 
Regulation 11-5-301 

2. Principle 

2.1 The semple streem Is drawn through a solutlon of 
Iodine monochlortde which collects the mercury In the gas 
stream. The •ercury compounds In the fodlne fflonochlorlde (ICL) 
ere reduced to elemental mercury and analyzed according to 
Anelytlcal Procedure Lab-6. If high concentrations of partlculete 
ere expected, use parttculate fitters es prescribed In ST-15. 

3. Range 

3.1 The minimum measurable emission of mercury ts 2 x 10·5 
gre i ns/SOCF. 

3.2 Elevated concentrations of mercury mey be determined 
by lncreeslng the concentretlon of the Iodine monochlortde In 
the ebsorblng reagent. The concentretlon of reegent to be used 
mey be tetermlned by stoichiometry, ellowlng e 50% excess. 

4. Interferences - None known. 

5. Apparetus 

5. I Probe nozzle. The probe nozzle shell be euqlvalent 
to the nozzle shown In.Figure IV-30. The probe nozzle shell 
be constructed of boroslllcete gless, quertz, or stelnless steel. 

5.2 FIiter holder. Use filter tubes equlvelent to the 
one shown In Figure IV~30.end constructed of boroslllcete glass 
or quertz. 

5.3 FIiter tube holder. Use e filter tube holder which 
wlll contain three filter tubes end the probe nozzle In e leek-free 
•enner. Flruge IV-31 shows en eceepteble filter tube holder 
configuration. 

5.4 FIiter medium. Use borostltcete glass wool. or 
equtvelent. Corning Glass Works, Ceteloguel3950 ts ecceptebl~. 

-
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5.5. Connections. The connection between the filters 
and the first lmplnger must be able to withstand stack temp-

- eratures. Vinyl tubing Is acceptable In making all other 
connections. 

5.6 Pitot tube. Use a Stauschefbe (Type-S), or equivalent, 
with a known coefficient which Is constant within !5% over the 
entire working range. The pltot type coefficient is determined 
by placing both the S-type and the standard pftot tube In a gas 
stream and measuring the pressure head with both over the entire 
velocity range of Interest. Calculate the coefficient of the 
Type-S pftot tube as follows: 

Cps • Cpstd r~t std 1i 

L~ PS J 
where: Cp

5 
• Type-S pltot tube coefficient 

~ps ~ Pressure head, Type-S pftot tube 
APstd • Pressure head, standard pftot tube 
Cpsta • Standard pitot tube coefficient 

5.7 Temperature measuring device. Use a Chromel-Alumel 
thermocouple accurate to ~15°F., connected to a temperature 
compensated nul I type potentiometer, or equivalent, to measure 
stack temp•ratares. 

5.8 Encasement tube. Assemble the Items In 5.5, 5.6 and 
5.7 In a pipe as shown In Figure IV-32 to facilitate handling. 

·- To prevent the pitot tube from interfering with the gas flow 
stream-I Ines approaching the sample nozzle, position the pitot 
tube and sample nozzle not closer together than 0.75 Inches. 

5.9 Absorber. Use four Greenberg-Smith fmpingers. 
The fourth fmplnger shall be modified by removing the impaction 
plate and att2chlng a thermometer to the Inlet stem. 

5.10 Cooling system. Use an tee bath to contain the lmpingers. 

5.11 Sample pump. Use a leak-free vacuum pump capable of 
mafntaining·al.O CFM flow rate at 15 Inches of mercury. The 
pump must have a sample rate control valve and a vacuum gauge 
attached to the inlet. 

5.12 Si Ilea gel Tube. Use approximately 500cc of s11 ica 
gel followed by a Drlerlte Indicator to Insure that the gas entering 
the dry test meter Is free of H20. 

5.13 Ory test meter. Use a 175 CFH dry test meter accurate 
within !2% of the true volu~e and •quipped with a thermometer 
to measure the outlet temperature. The working pressure across 
the •eter shall not exceed one Inch water column. 

5.14 Rotameter. Use a calibrated rotameter to measure the 
sampling rate. 
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5.15 Pressure gauge. Use a Magnehellc dlfferentfal 
pressure gauge, or equlvalent, In the same range as the velocfty 
and static pressures being measured fn the stack. 

5.16 Analytlcal b•tence. An analytfcal balance capable 
of measuring condensate wefghts to the nearest o.r gram Is 
acceptable. 

5.17 Barometer. Use a barometer that Is accurate to 
within to.2 Inches of mercury. 

6. Reagents 

6.1 O.IM Iodine Monochlorlde - Refer to Analytical Procedure 
Lab-6. 

7. Pre-Test Procedures 

7.1 Imp Inger preparation. 100 mf of the 0.1 M ICL she I I 
be placed In the first three lmplngers which shell then be 
weighed. Record the date on the data sheet shown In Figure IV-33. 

7.2 Nozzle size determination. Do the prellmlnary tests 
outllned below to determine the correct nozzle size to aid In 
lsoklnetlc sampling. 

.-..., 
7.2.1 Determine the number and location ofthe stack 

traverse points In accordance with ST-18. 

7.2.2 Conduct a velocity traverse In accordance with ST-17 
end measure the stack gas temperature. 

7.2.3 Determine the moisture content of the stack gases 
In accordance ~Ith ST-23. 

7.2.4 Nozzle diameter 

E i 
D • 13.7 Ts 
.n ·Vs (100- H20> 

0 • nozzle diameter, mm 
T~ • stack gas temperature, 0 R 

H20 • Stack gas moisture concentration,% 
13.7 • A constant based on an assumed meter rate 

of 0.5 CFM, meter temperature of 70F, and 
a molecular weight of 28.8 

V • stack gas veloclty fps as calculated In
5 Section 8.2 of ST-17._ 
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7.3 Assemble the sampJlng train as shown in Figures 
IV-31 and 34.-

,,-

-

7.4 The entire sampl Ing train must be leak-checked before 
each test run. Plug the sempllng prc5e, start the pump, and 
adjust the pump vacuum to 380mm Hg (15" Hg). A leak rate 
through the meter which exceeds 0.57 ipm (0.02 CFM) Is 
unacceptable. 

8. Sampling 

8.1 Each test run shall be of 50 minute duratlon when 
testing emissions from continuous operations. Each test run 
at batch process operations shall be for 90% of the batch time 
or 50 mln ■ tes, whichever Is less. 

8.2 Sample at the traverse points determined In accordance 
with ST-18. 

8.3 The sampling rate at each traverse point must be 
lsoklnetlc. Measure the stack velocity and stack temperature 
at each sample point and adjust the meter flow rate according 
to the followlng equation: 

Qffl • 2.638 X 10-3(100-~H20)Dn2Vs 
Ts 

where: Qm • lsoklnetlc sampling rate, ACFM 
Tm• meter temperature, 0 R 

H20 • stack gas moisture content (from 6.3.3) 
2.638 x 10-3• constant derived from 60 sec/min, 700F, 

29.92 In. Hg and the molecular weight 

8.4 When Inserting the probe Into the stack rotate the 
nozzle so It points down stream to avoid particulate collection 
prior to sampling. lmaedlately before sampllng rotate the 
probe so that the nozzle points upstream. 

8.5 Record the followlng Information et five-minute Intervals 
or whenever changing sampl Ing locations on a fleld data form as 
shown In Figura IV-35. 

Stack velocity head 
Semple ti•• 
Sample rate 
Cumulative sample volume 
lmplnger saturation temperature 
Stack gas temperature 
lmplnger vacuum 
Ory test meter temperature. 

8.6 See ST-1B Section 8.5 

8.7 See ST-1B Seetlon 8.6 

8.8 See ST-1B Section 8.7 
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9. Post-Test Procedures 

9.1 Stopper the lmpingers to minimize sample losses. 

9.2 Weigh eech lmplnger to the nearest 0.1g 

10. Auxl llery Tests 

10.1 Determine the CO2 , o2 , and CO concentrations slmulten
eously with each run In eccoroance with ST-5, ST-14 and ST-16. 
An Orset analysis CST-2> Is also acceptable. 

11. Calculations 

11.1 Stenderd Ory Sample Volume 

Ve • 17.71VmPb 

T"" 

where Vo • standard dry sample volume, SDCF i 700F 
and 29.92 Inches Hg. 

Vm • actual metered volume, ft3 
Pb • barometric pressure, Inches Hg • 
Tm • Average meter temperature, 0 R 

17.71 • constant correcting to 70°F & 29.92 Inches Hg. 

11 • 2 Water Vapor Content 
pVo 

H20 • ( .0474 We>+ sat 

Pb - pl - Psat 
xl00 

Vo Pset 
V + C. 04 74 WC)+0 

Pb - P1 -·Pset 

where: We • totel condensate weight, ell lmplngers, grams 
Psat • water seturetlon pressure In the lmplngers, 

Inches. Hg. 
• beromettlc pressure, Inches Hg. 
• pump Inlet vecuum, Inches Hg. 
•percent water vapor 
• cubic ft of vapor resultlns; from 1 cubic .. 

centimeter of liquid H20. 

11.3 Steck Gas Moleculer Weight -

MW • 0.44 <%CO2 >+ 0.32(J02 > + 0.28(JN2 + JCOh+·. 
0.18CSH2o> 

MW • molecular w•tght 
%CO2 • percent carbon dioxide by volume (dry basis) 

J02 • percent oxygen by volume (dry basis)
Seo • percent carbon ·monoxide by volume (dry basis) 

%H 2o • percent moisture by volume 
%N2 • percent nitrogen by volume (dry basis -

determine by difference> 

\ ,.4 St~cl Gas Flow Reta_- Determine In accordance with ST-17. 

50 



- 11.5 Total mercury emissions. The emission rate of 
mercury shal I be calculated as 

M • W x 106 x Q0 x 60 x T 

y 
0 

where: M • mass emission rate, gr/day 
w ~ total_ welght~·of mercury eel lected, u grams. 
Oo • stack gas flowrate, SOCFM 
Vo • sample volume, SOCF 
T • plant operation, hr/day 

11.6 lsoklnetlc Ratio. Calc~late for each traverse 
point es: 

• 

where: 
RI • lsoklnetlc ratio at given point 
tr • time, at point I, minutes 
A • nozzle area, ft2 

Vsr • stack velocity, point 1, FPS 
Tml • meter te~perature, point I, OR 

Tsl • stack temperature, point I, 0 R 
• metered volume, point IQ~b • seconds/minute 

overal I lsoklnetlc ratio fer each run: 

R • 

12. Reporting 

12.1 The data and Information Indicated In Figure IV-35 
she I I be reported. 
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Source Test Procedure ST-11 

MERCAPTANS 

REF: Reg. 7-303 

1. App I lcabl I ity 

1.1.Thls method Is used to determine emissions of mercaptans. 
It Is applicable to the determination of compliance with Reg. 7-303 

2. Principia 

2.1 A sample Is collected In a clean Tedlar bag. The sample 
Is analyzed for mercaptans by chromatography with fl••• photometric 
detection. 

3. Range and Sensitivity 

3.1 The minimum •~asurable concentration of mercaptans is 
20 ppb. 

3.2 Non-linear response by the flame photometric detector 
occurs for mercaptans concentrations over 19ppm. However, appropriate 
di lutton of the sample wl II allow concentrations up·to:5p ppm to 
be anelyzad. · 

4. Interferences 

None Known 

5. Apparatus 

5.1 Sampling probe. Use a borosilicate gli:iss tube fitted at 
_the downstream and with an appropriate tubing connector. 

5.2 Sampltng bag. Use a Tedlar bag with a capacity of at 
least 10 I lters and equipped with two stainless steel valves. 

5.3 Sampllng pump. Use a Tea~-free_Teflon~I la~d diaphragm 
pump, or equivalent, capable of at least 0.5 CFM. 

5.4 Sample lines. Use Teflon because of Its non-reactive 
properties. 

5.5 Drier/deodorizer. Use three glass cartridges fitted 
with bal I Joints. The~ftrs; contains Drier-It• (calclum chloride); 
the others contain activated carbon and shal I be fol lowed by a 
Pyrex wool filter. 

6. Pre-Test Procedures 

6-1 Before going to the test site, assemble the train as 
shown In Figure IV-37. Purge the entire train, Including the Tedlar 
bag, untll the discharge Is clean. The tedlar bag Is considered 

- clean when the lab determines the mercaptan concentration to be 
undectable. 
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6.2 Evacuate the Tedler ~eg. 

6.3 At the sempl Ing site, assemble the train es shown in 
Figure I, leaving out the drier-deodorizer. 

7. Semp I in g 

7.1 For stack sources, insert the probe into the steck. 

7.2 For embient semple, semple where the odor appears to 
be tho strongest. 

7.3 Start the pump end purge the ges to be sampled through 
the pump end beg for five minutes. 

7.4 Then close the outlet valve on the Tedlar beg end fll I 
the oag over e period of not less than three minutes. 

7.5 Three begs fllled es In 7.3 end 7.4 shell constitute 
e test. 

•6. Post-Test Procedures 

8.1 The bags must be analyzed for merceptens within four 
hours of collection. Refer to Anelytlcel Procedure Leb-3. 

9. Reporting 

9.1 The mercepten concentration of each bag is reported as 
in Figure IY-38. 
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Source Test Procedure ·sr-12 
COLLECTION OF ODOROUS SAMPLES 

REF: Reg. 7-401 

1. Applicability 

1.1. This procedure Is used for the collection of odorous 
samples to be evaluated according to Regulation 7-401. 

2 • Pr I nc I p I e 

2.1 Sample gas Is drawn Into a clean Tedlar bag at stack 
temperature. When condensation Is expected the sample Is diluted 
with clean dry air at stack temperature. If condensation Is not 
expected the gas sampfa:ls drawn directly Into a Tedlar bag. 

2.2 The sample probe uses critical orifices for both the 
di lutton air and the gas sample. The two are mixed at the same 
temperature to as~ure a constant di lutlon. 

3. Range and Sensitivity - not appl !cable 

4. Interferences 

4.1 Particulate material wl I I plug the critical orifice 
In the di fut ion probe. 

4.2 Sample dilution must be sufficient to prevent 
condensation In the bag or probe. 

5. Apparatus 

5.1 01 lutlon probe. The di lutlon probe Is constructed as · 
shown In Figure IV-39. 

5.1.1. All surfaces which contact the sample shall be Teflon, 
borosilicate glass or type 316 stainless steel. 
t 

5.1.2 The critical orifices shall be sized to provide a 
di lutlon sufficient to prevent condensation In the sample gas. 
The dilution shall be at least 10:1. 

5.2 Pump. Use a Teflon-fined diaphragm puap or equivalent 
capable of at least 20 Inches Hg vacuum. The puNp shall be fitted 
with an Inlet vacuum gauge and an Inlet flow control valve. 

5.3 Sample bag. A Tedlar bag with two stainless steel 
valves and a 10 titer capacity. 

5.4 Orler/deordorlzer. Use three glass cartridges fitted 
with ball Joints. The first contains Orlerlte; the others contain- .,I activated carbon and shat I be followed by a Pyrex wool filter. 

5.5 Sampling fines. All sample contacting tubing she I I 
be Teflon. 
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5.6 Rotameter. Use e callbreted rotemeter capable of 
measuring the total (di luted) and undl luted sample. 

6. Pre-Sampling Procedures 

6.1 Purge the sample pump and Tedlar beg with clean, 
dry air fore minimum of 12 hours prior to sample collection. 

6.2 Use the pump to be used for the test and 
fll I the Tedler sample bag with clean dry air and close both 
valves. 

6.2.1 Evaluate the beg according to Section 7-400 of 
Regulation 7 within three hours prior to testJng. 

6.2.2 Two or 110re positive responses will dlsqual lfy the 
beg from being used. 

6.3 Assemble the train es shown In Figure IV-40. 

6.4 Start the pump, block the sample and air Inlets 
end check that the flow out of the pump fells to zero. 

6.5 Start the pump end purge the stack gas through 
the pump for et least three minutes. 

6.6 Ollutlon measurement. 

6.6.1 This step may be performed simultaneously with 6.5 
or It may be done "out-of-stack". 

6.6.2 Start the pump end adJust the Inlet vacuum to et 
least 20 Inches Hg end measure the total (di luted) sample flow. 

6.6.3 Block the air line end adJust the pump vacuum to 
20 Inches Hg, and measure the undl luted sample flow. 

6.6.4 Calculate the dilution ratio as: 

R • 0d - Ou 

Ou 

where: R • dilution ration, air to sample 
0d • flow rate of di luted sample 
Ou• flow rate of undl luted sample 

7. Sampling 

7.1 Start the pump and adJust Inlet vacuum to at least 20 In. :ttg 

7.2 Attach the Tedlar beg to the pump outlet and parge for 
three minutes or longer. 

7.3 Close the beg outlet and ti II the beg. 
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8. Post-Sampling Procedures 

8.1 The dilution ratio shal I be checked as in 6.4 

8.2 The bag shall be returned and evaluated within 
three hours. 

9. Report Ing 

9.1 The da1'a and Information shown In Figure. IV-41 
shal I be r-epor-1'ed. 

-

..___. 
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Source Test Procedure ST-13A 

OXIDES OF NITROGEN, CONTINUOUS SAMPLING 
REF: aegs. 9-3-301 

9-3-302 
10-1-301 

I • Ap p I i c a b I I I t_y 

I.I This method Is used to quantity emlssfons of oxides 
of nitrogen. It determines compliance with Regs.·9-3-301, 
9-3-302 and 10-1-301. 

2. Principle 

2.1 A gas sample Is extracted continuously from the sampl in~ 
point and conditioned to remove water and particulate matter. 
Nftrlc oxide (NO) emisslons'ere determined by passing I smal I· 
portion of the sample through a chemllumlnescent analvzer. The 
chemiluminescent processes Is based on the I lght given oft when 
nitric oxide and ozone react. Nltrog~n dioxide (~0 2 > concentrations 
era determined by passing the sample through a catalyst which 
reduces the N02 to NO. The total oxides ~f nitrogen concentr~tion 
(N02 + NO) Is then determined by chemiluminescence. 

3. Rang_e__~_nd Sens]tlvft:Y 

3. I The minimum and maximum measurable concentrations 
of NOx depends on the specific chemiluminescent analyzer.- 3.2 The minimum sensitivJty of the analyzer shal I be 
i2% ot tul I scale. 

4. Inte rterences 

4. I If the molybdenum catalyst Is used, ·compounds containing 
nltl"ogen Cother than ammonia) may cause interference. 

5. Apparatus 

5.1 Oxides of nitrogen analyzer. Use a Thermo Electron 
Corp. Model IOA zinzilyzer or Its equivalent. 

5.2 Chart recorder. The recorder monitors zind records 
the contfnuous output fl"om the analyzer. 

5.3 Sample condttfonlng,· zero afr, and span gas system. 
The assembly of thf~ system Is shown In Figure.fV-42. The ~ample
condftfonlng system provides a dry, particulate free gas flow 
to the Instrument. The zero air system provides clean dry 
atmospheric air for fnstrument callbratlon. The span gas 
system provides a known concentration of NO tor use· In calibrating 
the analyzer. Except as specified, al I materials whfch come In 
contact with either the sample or span gas must be constructed 
of Teflon or stainless steel. 
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5.4 Sample probe. Use a borosll lcate glass tube of 
sufficient length to traverse the stack being tested. If the 
stack temperature exceeds 425C (800F), use a quartz probe. Other 
probes are acceptable subject to prfor approval by the Source 
Test Section. 

5.5 Condensers. Use modified Greenberg-smith lmpln~ers 
with the Impaction plates reMoved and the Inlet tube shoftened 
to a length of 10cm (4 Inches>, or equivalent. 

5.6 Cool Ing system. Immerse the lmpingers In an tee baTh 
during the test. -

5.7 Parttculate filter. Use a Baisten type 95 holder 
with a grade B filter, or equivalent, In the sample system. 

5.8 Pumps. Use l~ak-free, Teflon -I fned, diaphragm pumps 
In the sample and zero air systems. The pumps must have a 
capacity of at least 28 liters/min (1.0 CFM). 

5.9 Back-pressure regulator. Use a back-pressure regulator 
to maintain the sample and zero gas sample pressures to the 
Instrument at five pslg. 

5.10 Gas scrubber. Use a bed of sll lea gel, Ascarite 
(or soda-I Imel, and charcoal to remove moisture, carbon dioxide, 
and hydrocarbons from the zero air system. 

5.11 Span gas. Use a hl~h-pressure cylinder contafnfng a 
known concentration of NO in Nitrogen. The span gas concentration·- must be In the same range as the source being tested. 

6. Pre-Test Procedures 

6.1 Warm-up the Instrument accordln~ to manufacturer's 
Instructions. 

6.2 Assemble the sampl Ing system and analyzer as shown I~ Fig~. 
I Y-4~ end• tY-43. 

6.3 Leak-test the sampling system by starting the pump, 
plugging the probe, end determinlng that the pressure to the 
analyzer fal Is to zero. Other leak-tests are acceptable subject 
to the approval of the Source Test Section. 

6.4 Introduce zero err, lnto the analyzer and zero the 
Instrument according to manufacturer's Instructions. 

6.5 Introduce spen ges Into the analyzer and cal lbrate 
teh lnstrument according to manufacturer's Instructions. 

6.6 Conduct a pre I lmlnary concentratlon traverse to de+ermine 
If straffffcatlon of the stack gases exists. If the NOx 
concentration at any polnt differs from the average concentration 
by more than 10~, traverse the stack durlng the test. If not, 
sample at any single polnt. 
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6.7 Set-up the chart recorder according to manufacturer's 
I nst ruct I on s. 

7. Samp II ng 

7.1 Sample at continuous operations for a period of 
thirty minutes for each test run. Sample at batch operations 
for thirty minutes or 90% of the batch process time, whichever 
rs less. 

7.2 Introduce sa~ple gas Into the analyzer at the same 
flow rate used to calibrate the analyzer. 

7.3 Maintain Ice In the cooling system throughout the 
test. 

7.4 Calibrate the analyzer before and after each test 
run. Record each step of the process clearly on the chart 
record Ing 

7.S Conduct three test runs. 

8. Aux II lary Tests 

8.1 Oxygen concentration. Determine the oxygen concentration 
slmultaneously with each NOx run In accordance with ST-14. 

9. Celculatlons -
9.1 Determine the time-averaged concentration of NO on a 

dry basis for each run from the chart recording. 

9.2 Concentration of nitrogen oxides corrected to 3% 
oxygen. 

• CNO .,,,.17__._9..,.5;-...,...
x 20. 95 - C02 

where: C • Total concen't rat I on of NOx one
NO,.3% dry basis at 3% o2 • 

CNO • Total concent rat I on of NOx (from 9. 1)
X 

• Concentration of oxygen on a dryCo2 
bests (from 8.1>. 

17.95 • A111blent less 3%o2 

9.3 When necessary to calculate the fflass emission rate 
of NOx, the molecular weight of N02 shell be used. 

10. Reporting -The data and Information shown In Fig. IV-44 shell be reported. 
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Source Test Procedure ST-138 

OXIDES OF NITROGEN, INTERATEO SAMPLE 

REF: REGS. 9-3-301 9-3~304 10-1-301 
9-3-302 9-4-301 
9-3-303 9-4-302 

1. Appl lcabl I lty 

1.1 This method Is used to quantify emissions of oxides 
of nitrogen. It determines compliance with Regs. 9-3-301, 9-3-302 , 
9-3-303, 9-3-304, 9-4-301, 9-4-302, 10-1-301 and Is an acceptable 
alternate method to ST-13A. 

2. Principle 

2.1 Sample gas Is drawn through an alkallne permanganate 
which absorbs the oxides of nitrogen. The oxides of nitrogen 
are subsequently analyzed for nitrite (N02> as specified In 
Analytical Procedure La~-7A. 

3. Range and Sensitivity 

3.1 The minimum measurable concentration of oxides of 
nitrogen is 6 ppm at tne sample vclume specified in this 
procedure. 

3.2 Tbe maximum concentration for which this procedure 
hes been proven Is 1800 ppm. 

4. lnterterence- None. 

5 •. Apparatus 

5.1 Probe. The probe Is constructed of borosilicate glass 
tubing. 

5.2 Absorbers. Use three Greenberg-Smith lmplngers 
modified by replacing the orifice and Impaction plat9s ~Ith 
semi-fine frits of approximately 70 por.oslty. The thlrd lmptnger 
has a thermometer attached to the Inlet. 

5.3 Cool Ing system. An Ice bath Is used to contain the 
lmptngers. 

5.4 Sample pump. Use a leak-free vacuum pump capable of 
maintaining a 0.5 CFM flow rate at 15 Inches of mercury-vacuum. 
The pump has a flow control valve and vacuum gauge attached to 
the Inlet. 

5.5. Silica gel tube. Approximately 500cc of silica gel 
with Drierite Indicator are used to Insure that the gas entering 
the dry gas meter is dry. 

5.6 Dry test meter. Use a dry gas test meter accurate 
within !2% of the true volume and equipped with a thermometer- to measure the outlet temperature. 
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5.7 connections. Use Teflon tubing in making all connections 
that come In contact with the sample. Vlnyl tubing Is acceptable 
for al I other connections. 

5.8 barometer. Use a mercury, aneroid, or other barometer 
that Is accurate to within: 0.2 Inches of mercury. 

5.9 Rotameter. Use a calibrated Rotameter to measure the 
sampling rate. 

6. Reagents 

6.1 absorption solution. Dissolve 40 grams of potassium 
permanganate and 20 grams of sodium hydroxide In distil led 
water and di lute to I I fter wfth distf I led water. 

7. Pre-Test Procedures 

7.1 Add 100 ml of alkaline permanganate solutfon to each 
of the three fmplngers. 

7.2 Stopper the lmplngers. 

7 • 3 As s em b I e the s amp I Ing tra rn es shown rn F rp ure . I V-4 5 
Record the equipment Identification on the test data sheet. 

7.4 Leak-test the sampling train by turning on the pump, 
plugging the probe, and adjusting the pump Inlet vacuum to 10 
inches Hg. The leak rate must n~t exceed 0.6 1pm C0.02 CFM) 

- through the dry test meter. Before turning off the pump, 
carefully release the plus In the sample probe to avoid backflow 
of the fmpinger solution. 

7.5 Record the lnitlal dry test meter reading and barometric 
pressure on a data sheet as shown In Figure IV-26. 

8. Samp I Ing 

8.1 Sample at continuous operations for a period of thirty 
minutes for each test run. Sample et batch processes for a 
period of thirty minutes or 90% of the batch process time, 
whichever Is less. 

8.2 Position the probe at t~e sampling point and start 
the pump. 

8.3 Sample at a constant rate of 6.0 liter/Hr (0.2 CFH) 
during the test as determined by the Rotameter. 

8.4 Record the followlng Information at ffve-mfnute Intervals: 

-
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Ory test meter temperature 
lmplnger outlet temperature 
Dry test meter volume 
Rotameter flow. 

8.5 Add Ice as necessary to maintain lmplnger temperatures 
at 7°c (450F) or less. 

8.6 At the conclusion of each run, stop the pump, remove 
the probe from the stack, and record the flnal meter volume. 

8.7 Take three consecutive samples. 

9. Post:Test Procedures 

9.1 Stopper the lmplngers untll they ere analyzed. 

9.2 lndlvldually analyze the alkallne permanganate 
solutions for total oxides of nitrogen es N02. 

10. Auxiliary Tests 

10.1 Oxygen. Determine the oxygen content of the stack 
gases slmultaneously with each oxides of nitrogen run using 
ST-14. 

II. Calculatlons -
I I.I Standard sample volume: 

• 

where: 
Vo • corrected sample volume, SDCF at 

700F and 29.92 Inches Hg.
• uncorrected meter volume, ft3v"' 

Tm • average run meter temperature, 0 R 
p • barometrl c pressure, Inches Hg. 

17. 7~ • a constant correcting to 10F and 
29 .92 lac:1-es Hg. 

I 1.2 Uncorrected oxides of nttrogen concentration: 

19.3 X 103W 

Vo 

where: 
• oxides of ·nitrogen concentration, 

(as N02 > ppm by volume one dry basis. 
• totel weight of nitrite In the 

lmplnger catch, for each run, grams. 
19.3 X 103 • constant derived from molecular weight 

and molar volume to convert.concentration 
to standard conditions. 
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I 1.3 concentration of oxides of nitrogen corrected to 3~ 
oxygen: 

where: 
102 • perce~t oxygen by volume (dry basis). 

17.95 • ambient 02 less 3% 
12. Reporting 

The data and lnformatron shown rn Fig. IV-47 shall. be 
r-epor-ted. 

-
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Source Test Procedure ST-14·- OXYGEN, CONTINUOUS SAMPLING 
REF: Regs. 9-3-301 . 

9-3-302 

I • Apo I i cab I I i ty 

I.I This method Is used to quantify emissions of oxygen. 
It determines comp I lance with Regs. 9-3-301 and 9-3-302. 

2. Principle 

2.1 A continuous representative gas sample Is extracted 
from the sampling point and conditioned to re~ove water end 
particulate material. A smal I portion of the smaple is passed 
through a fuel eel I type oxygen analyzer which measures the 
olectrlcal current generated by the oxidation reaction at the 
gas/fuel eel I inter-face. 

3. Ran~• and S~nsl!!vity 

3.1 The minimum measurable concentration of oxygen Is 0.1%. 

3.2 The upper I Jmit depends on the range of the instrument. 

3.3 The sensitivity of the o~ enalvzer shal I be ±2~ of..
ful I scale • 

. 4. Interferences 

4.1 Halogens and halogenated comoounds wi 11 cause a positive 
interference. Acid gases wi 11 consume the fuel eel I and 
cause a slow calibration drift. 

5. Apparatus 

5.1 Oxygen analyzer. Use a Teledyne Analytical Instruments 
Inc., Model 326 analyzer or its equivalent. 

5.2 Chert recorder. The recorder monitors end records 
the continuous output from the analyzer. 

5.3 Sample conditioning, zero air-, end span gas systeM. 
The assembly of this system ts shown In Fig.· 1v~.-a. The sample 
conditioning system provides e dry, partlculaTe free gas flow 
to the Instrument. The zero air system provides clean dry 
atmospheric air for Instrument eel ibretlon. Except as specified, 
el I materials which come In contact with either the sampl~ or 
span should be constructed of Teflon or stalnless steel. 



S.4 Sample probe. Use a borosll lcate glass tube of 
sufficient length to traverse the stack being tested. If 
the stack temperature exceeds 425C C800F), use a quartz probe. 
Other probes are acceptable subject to prior approval by the 
Source Test Section. 

5.5 Condensers. Use modified r-reenberg-~mith impin~~rs 
with the impaction plates removed end the inlet tube shortened 
to a length of l')cm (4 Inches), or eoulvelent. 

5.6 Cooling syste~. Immerse the lmpingers In an ice 
b~·h during the test. 

5,7 particulate filter. Use a Dalston tvpe 95 holder 
with a grade 9 filter, or equivalent, In the saMple system. 

S.8 pumps, Use leak-free, Teflon-lined, diaphragm r,umos 
In tbe sample and zero air systems. The pumps must have a 
capacity of at least 28 liters/min CI.O CFM). 

5.9 Back-pressure reguletor.• Use e back-oressure ref]ulator 
to ~aintaln the semple end zero gas sample pressures to the 
instrument et five pslg. 

5.10 Gas scrubber. Use a bed of sl I lea gel, ~scarite 
(or soda-I lme), end charcoal to remove Moisture, carbon 
dioxide, and hydrocerbons from the zero air system. 

5. I I Span gas. The analyzer is spanned using dry air fron 
the zero-ges system. 

6. Pre-Test Procedures 

6.1 Warm-up the instrument according to menufacturer's 
Instructions. 

6.2 Assemble the sampling system as shown in Figure IV-28. 

6.3 Leek-test the sampling system by startin9 the pump, 
p1ugglng the probe, end doterminlng that the pressure to the 
analyzer fal Is to zero. Other leak-tests ere acceptable subject 
to the approval of the Source Test Section. 

6.4 Introduce zero air, Into the analyzer and zero the 
Instrument according to manufacturer's instructions. 

6.S Introduce span gas Into the analyzer end cellbrate 
the Instrument according to manufacturer's Instructions. 

6.6 Conduct a prellmlnary concentration traverse Caccordin9 
to ST-18) to determine If stratification of the stack gases 
exists. If the O concentration at any point differs from the 
average concentraiton by more then 10~, traverse the stack durln~ 
the test. If not, sample at any single point. 
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6.7 59T-up The c~ar, recOrQar acc~r~in~ ~o ~anufac~~~~r•s 
-~~~~~P.~d?t i IJl"'S. 

7. Sar:ioli~a 

7. I Each test run shal I ~c of thirty ~inute duration ~hen 
testing el'lissio~s from continuous opera-tions .. Each test run 
at a ~etch orocess operation shal I be for 9:~ of the batch 
time or thirty minutes, whichever is less. 

7.2 Introduce sample gas into the anlayzer at the same 
flow rate ~sed to span the analvzer. 

7.3 Maintain ice in the cooling system throughout the tast. 

7.4 Check the zero and span before and after each test 
run. ~eccrd each step of the process clear-Iv on the chart 
recording. 

7.5 ~o three test runs. 

6. Calculatinns 

8. I Oater-mine the ti~e-averaged concentra-tion cf ~2 
en a drv basis for each run from the c~art r~cordi~g. 

9. =!eport i :ic; 

9. 1 These va Iues are deter'" i ned as aux 11 i ary da't'a for 
other procedures end sha 11 be reported with those test resu I ts. 
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Source Test Procedure ST-15 

PARTICULATE 

REF: Regs. 6-310 10-1-301 
6-311 

1 • App I i cab i I I ty 

1.1 This method ls used to quantify particulate emissions. 
It determines compliance with Reg~lations 6-310, 6-311 and 10-1-301. 

2. Principle 

2.1 Stack gases are drawn lsoklnetlcal ly through glass 
fiber fl lters at stack conditions. The weight of particulate 
matter, Including any material that condenses at or above the 
stack temperature, Is determined gravimetrical ly after the 
remova I of uncombed ·water. 

3. Range 

3.1 The minimum particulate emissions measurable by this 
procedure Is .001 gr/SOCF. 

4. Interferences 

4.1 Sul fer oxides, sulfates and some other species which 
are not particulate at stack conditions may react with the fl lter- medium so as to produce a spurious weight gain. This phenoGona 
is minimized by use of a back-up filter as a blank. 

5. Apparatus 

5.1 Probe nozzle. The probe nozzle shal I be equivalent 
to the nozzle shown In Fig IV-49. The probe nozzle shall be 
constructed of borosll icate glass, quartz, or stainless steel. 

5.2 Fl lter holder. Use fl lter tubes equivalent to the 
one shown in Fig. IV-49 and constructed of borosilicate glass 
or quartz. 

5.3 Fl lter tube holder. Use a filter tube holder which 
wl II contain threefl lter tubes and the probe nozzle In a leak-free 
manner. Fig IV-50 shows an acceptable fl lter tube holder configuration. 

5.4 Fl lter medium. Use borosl I lcate glass wool, or 
equivalent. Corning Glass Works Glass, Catalogue 13950 Is 
acceptable. 
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5.5 Connections. The connection between the fl lters 

end the first lmpinger must be eble to withstand stack temo
eratures. Vinyl tubing is acceptable in making ell other 
connections. 

5.6 Pitot tube. Use e Steuschelbe (Type-S>, or equlvelent, 
withe known coefficient which Is constant within ±5~ over the 
entire working range. The pitot tube coefficient is determined 
by piecing both the S-type end the stenderd pltot tube in a gas 
stream end measuring the pressure heed with both over the entire 
velocity range of interest. Celculete tbe coefficient of the 
Type-S pi tot tube es fol lows: 

Cp • APstd 7l/2 
s [ A Ps ·j 

where: Type-S pltot tube coefficient 
Pressure heed, Type-S pltot tube 
Pressure heed, standard pltot tube 
Standard pltot tube coefficient 

5.7 Temperature mees~rlng device. Use e Chromel-Alumel 
thermocouple accurate to -15°F., connected toe temperature 
compensated null type potentiometer, or equlvelent, to measure 
stack tempereutres. 

5.8 Encasement tube. Assemble the Items in 5.5, 5.6 end -
5.7 In e pipe es shown In Fig. IV-:51 to hcllltete hendllng. 
To prevent the pitot tube from Interfering with the ges low 
stream-I ines epproechlng the semole nozzle, position the pl tot 
tube end se~ple nozzle not closer together then 0.75 Inches. 

5.9 Condensers. Use three Greenbera-Smlth lmpingers. 
T~e third Imp Inger she I I be modified by re~ovlng the Impaction 
plate end attaching a thermometer to the inlet stem. 

5. IO Cool Ing system. !Jso en ice beth to conte In the i mo i ngers. 

5.11 Semple pump. Use a leek-free vacuum pump cepeble of 
maintaining e 1.0 CFM flow rate et 15 Inches of mercury. The 
pump ~ust heve a flow control velve and vecuum gauge attached 
to the inlet. 

5.12 SIiica gel tube. Use approximately 500cc of sll ice 
gel (withe Orlerlte Indicator> to Insure that the ges entering 
the dry test meter Is free of H20. 

5.13 Ory test meter. Use e 175 CFH dry test meter eccurete 
within ±2~ of the true.volume and equl.pped with a thermometer 
to measure the outlet temperautre. The working pressure across 
the meter she I I not exceed one Inch weter column. 

5.14 Rotemeter. Use e cellbreted rotemeter to measure the 
semp Ii ng rate. 
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5.15 Pressure gauge. Use a Magnehelic differential pressure 
gauge, or equivalent, In the same range as the velocity and static 
pressures being measured In the stack. 

5.16 Analytical balance. Use an analytical balance accurate 
to within ±o.5mg to measure fl lter weights. An analytical 
balance capable of measuring condensate weights to the nearest 
O. I gr~m Is acceptable. 

5 17 Barometer. Use a barometer that Is accurate to 
within± 0.2 Inches of mercury. 

6. Pre-Test Procedures 

6.1 FIiter preparation. Pack three labeled fl lter tubes 
for each run with borosil lcate glass wool so as to produce a 
IO Inch H20 pressure drop across each f I I ter· tube a'!t · 0. 5 CFM 
ftow. Ory the filter tubes tn an oven at 105C for 24 hours 
cool them In a desiccator. "Weigh each fitter tube on an 
analytical balance to the nearest 0.5 mg. Record each weight on 
the lab data sheet shown In Figure ·iv-52. 

6.2 lmptnger pre~aratton. Fil I each of two unmodified Greenberg
Smith lmptngers with approxtmatety 100.•I of distil led water. Weich 
and record the weights on the data sheet as shown In Figure 1v-s2: 

6.3 Nozzle size determination. Do the preliminary tests 
out I lned below to determine the correct nozzle size to aid In( 
lsokinetlc sampling. 

6.3.t Determine the number and location of the stack 
traverse points Jn accordance with ST-18. 

6.3.2 Conduct a velocity traverse fn accordance with ST-17 
and measure the stack gas temperature, 

6,3.3 Determine the moisture content of the stack 
gases ln acc~rdance with ST-23. 

6.3,4 Nozzle diameter. 

t 
I /2

• 13.7 

Nozzle diameter, mm 
Stack gas temperature, 0 R 
Stack gas moisture concentration, % 
A constant based on an assumed meter rate 
of 0.5 CFM, meter temperature of 70F, and 
a molecular weight of 28.8. 

• stack gas v~loclty fps 
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6.4 Assemble the sempllng treln es shown In Figs. 
IV-50 and IV-53. 

6.5 The ent~re sempllng treln must be leak-checked before 
eech test run. Plug the sempllng probe, stert the pump, and 
adjust the pump vacuum to 380mm Hg C15"Hg). A leek rate 
through the meter which exceeds 0.57 1pm (0.02 CFM) Is 
unacceptable. 

7. Sa111pl Ing 

7.1 Each test run shall be of 50 minute duration when 
testing emissions from conttnuous operations. Each t.est run 
et batch process operations shall be for 90% of the batch time 
or 50 minutes, whichever Is less. 

7.2 Sample at the traverse points detenalned In accordance 
with ST-18. 

7.3 The sampling rate at each traverse point must be 
lsoklnetlc. Measure the stack velocity and steck temperature 
at each point and adjust the meter flow rate according to the 
tollowlng equation~ 

2.638 X 10-3 (100-%H20>0n2VsQm • 
Ts 

where: Qm • lsoklnetlc sampling rate, ACFM 
Tm • meter temperature, OR 

H20 • stack gas moisture content ( from 6.3.3) 

7.4 When Inserting the probe Into the steck rotate the 
nozzle so It points down stream to avoid partlculate collection 
prior to sampl Ing. lmmedlately before sampl Ing, rotate the 
probe so the nozzle points upstream. 

7.5 Record the following Information at five-minute 
Intervals or whenever changing sempllng locations on a fleld date 
sheet as shown In Figure IV-54. 

Stack velocity head 
Sample time 
Sample rate 
Cumuletlve sample volume 
l ■ plnger saturation temperature 
Stack gas temperature 
l11plnger VIICUUIII 
Dry test meter temperature 

7.6 At the conclusion of each run, stop the pump, remove 
the probe from the stack end record the final meter reeding. 
Point the probe upward and purge the sample train with amtilent 
a Ir. 
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7. 7 Conduct three consecutive test runs. 

8. Post-Test Procedures 

8. I Remove the nozzle and filters as a unit and seal both Anes. 
This must be done In a clean dry location to avoid sample cont
amination. 

8.2 Stopper the _lmplngers to mlnfr.,ize sample losses. 

8.3 Clean the exterior of the nozzle and fflter tubes 
and'dry them In an oven tor 24.hours at IOSC. Allow 'to cool in 
a desiccator and weigh to the nearest 0.5 mg. Repeat the 
desiccation and weighing process dally untl I constant weights 
are recorded. 

8.4 After wefghing the nozzle containing partlcul~te 
matte~ clean, dry and weigh the nozzle to obtain Jts tare weiaht. 

8.5 Weigh·each impinger to the nearest 0.1 g. 

9. Auxll lary !•~ts 

9.1 Determine the CO2 , 02 and CO concentrations slmultan-
eously with each partlculate run In accordance withST -5, ST-14, ~ ST-6. 
An Orsat analysis <ST-24) Is also acceptable. 

'- 10. Calculations 

10.1 Standard Dry Samole Volume 

• 

where: Vo • standard dry sample volume, SDCF @ 70F 
and 29.92 Inches Ho. 

Vm • actuel mete red VO I ume, ft 3 
Pb • barometric pressure, inches Hg • 
Tm • Averege meter temperature, OR 

17. 71 • constant correcting to 70F and 29. 92 inches Hg. 

10.2 Water Vapor Content 

Vo Psat 
H20 • (.0474 We)+ Pb - Pj - Psat 

X 100 
v +(.0474 w >+-V~o_P_s_a~t_____ 

0 c Pb - P1 - Psat 

where: total condensate wel9ht, al I tmplngers, gramsWe • 
water saturation pressure tn the lmoln!lers, Inches H~J.pSl'lt • 

Pb • barometric pressure, Inches Hg • 
P1 • pump t n I et vacuum, Inches Hg . 

• per cent water vapor- Hf:0
.04 4 • cubic feet of vapor resultlng from I cubic centimeter 

of I !quid H20. 
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-10.3 Stack Gas Molecular Weight -

MW • molecular weight
ico2 • percent carbon dfoxlde by volume Cdry basfs)

%0 • percent oxygen by volume Cdry basis)
%c6 • percent carbon monoxide by volume ·Cdry basfs> 

JH20 • percent moisture by volume 
jN2 • percent nitrogen by volume (dry basis - determine 

by d I fference > 

10.4 Stack Gas Flow Rate - Determine 4n accordance with ST-17. 

10.5 Corrected Partlculate Weight - Ca/cu/ate using the th I rd 
f 11 ter net we I ght as blank: 

WP • cw, + W2) - he F1 + F2> 
F3 

Wp • Corrected weight of particulate catch, grams 
w, • Weight gain In 1st filter, grams 
W2 • Weight gain In 2nd fllter, grams 
W3 • Weight gain In 3rd flfter, greats 
Fr • Weight of woof In 1st filter, grems 
F2 • Weight of wool In 2nd fll+er, grams

• Weight of wool In 3rd fflter, grams~3 -
10.6 ~ertfculate Weight Concentration -

G • 15.43 ~ 
Vo 

where: 
G • Partlculate concentratlon,gralns/SOCF 
WP • Weight of particulate catch, grams 
V • Standard dry sample volume, SOCF 

I 5. 4~ • grefns/grem 

10.7 Particulate Mess Emission Rete 

M • GQm., 
where: 

M • Pertlculete mess emission rate, lbs/hr. 
Oe • Standard dry stack flow rate, SOCFM 

116. 7 • Conversion factor for grefns to pounds end 
•fnutes to hours. 

-
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- i,1 1 = I 2. 01,1 

cco2 
where: 

M' • 1·1ass emissions, lb/hr at 12~ CO? 
Ccoz • Percent carbon dioxide in stack·gas (dry basis). 

10.9 Auxi I iary Fuel Correction Factor. If the test 
results are applied to Regulation 6-310.1 and if auxil iarv 
fuel is used, a correction for the carbon dioxide shal I be· · 
calculated ·as 

M" • 0.12~0o+I.040o)M 
0oCc02 /IOO+l.04Qg 

where: 

• Dry stack flowrete, SDCFM 
• ~at u r a I gas t I ow rate , SC F1

~ 

• Percent carbon d i ox i de i :, stack gas Cd r v b as i s l 

10,10 lsokinetic Ratio. Calculate for each traverse 
::,oint as: 

/. 
R. isi 0~i 

I 
•-

where: 

R1 = isokinetic ratio at ~iv~n point 
t. = time, at point i, minutes 
A' • nozzle area, ft2 

• stack velocity, ooint i, FPSvsi 
• meter temperature, point i, oqTmi 
• stack temperautre, point i, ORTsi 
• metered volume, point iOmi 

60 • mlnu-tes/hour, 

R • 

I I. Report i nQ 

11.1 The data and information indicated in Fig.• IV-55 shal I 
be reported. 
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SUMMARY OF 
SOURCE TEST RESULTS 

-
SOURCE INFORMATION 

Firm Nome ond Addreu ; Firm Representative a11d Title 

IPhone No.
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Conditions Duri119 Tests----1· 
! Operates hr/day & days/yr 

Operoti1151 Porameten 
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- Source Test Procedure ST-I~ 

-
,I' 

-

PHENOLIC C0 1·1POUtlOS 

REF: Reg. 7-303 

I. Apol lcabi I tty 

I .I This mP.thod is used to quantifv emissions of ohenol ic 
compounds as phenol. It Is appl I cable to the determination of 
comp I iance with Regulatlon.7-303. 

2. Prlncicle 

2.1 Sample gas is drawn through a solution of 0.1 normal 
CO. IN) sodium hydroxide which a~sorbs tho phenolic compounds. 
The phenol le compounds are then analyzed by qas chromato~ra~hv 
as specified in Analytical Procedure Lab-8. 

3. Ranqc and Sensitivity 

3.1 The minimum measurable concentration of phenolic 
compounds Is 200 ppb at the se~ple volume soeciflnd in this 
procedure. 

3.2 Elevated concentrations of phenolic compounds May 
be det~rminP.d by increasing the concen~ratlon of the absorbinn 
reaqent, sodium hydroxide solution. The concentration of re~~cnt 
to be used mav be determined by stoichiometry, al lowinq a 50; 
excess. 

4. Interference 

None. known. 

5. Apparatus 

5.1 probe. The probe is construct-.d of borosilicate !JI ass· 
tubin~ fitted with glass wool In the nozzle. 

5.2 Absorbers. Use three Greenbcrq-Smith implnaers. 
The third implnger has a thermometer attached to 

the inlet stem. 

5.3 cool in9 system. An' Ice Is used to contain the imoin~ers. 

5.4 sample pump. Use a lea~-free vacuum pump capable ot 
maintaining a 0.5 CFM flow rate at 15 inches of mercury-vacuum. 
The pump has a flow control valve and vacuum pauge attached to 
'the Inlet. 

5.5 st I lea Qel tube. Approximately 500cc of sl I lea ~el 
with a Orierfte lndlcator are used to Insure tha't the ~as 
entering 'the dry gas meter is dry. 

5.6 dry test meter. Use a J75 CFH ~~y·g~s Test meter accura'te 
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-within± 2% of the true volume end equipped with a thermometer 
to measure the outlet temperature. 

5. 7 connections. Use Teflon tubing in mekin9 el I connections 
that come in contact with the sample. Vlnyl tubing is acceptable 
for el I other connections. 

5.8 barometer. Use a mercury, aneroid, or other barometer 
that Is accurate to within± 0.2 Inches of mercury. 

5.9 Rotemeter. Uso a calibrated Rotemeter to meesurP. the 
sampl Ing rate. 

6. Ree~ent!'I 

6. I O.IN sodium hydroxide acid. Dissolve 4.09rems of NeOH 
in sufficient distil led water to make a 1.0 I lter solution. 

7. Pre-Test Procedures 

7.1 Add 100 ~, of the O.IN NeOH solution to each of the 
two implngers. 

7.2 Stopper the lmplngers. 

7.3 Retain 100 ml of the solution to later analyze es a 
blank for phenol compounds. 

7.4 Assemble the sempl In~ train es shown in Fiqure JY-56. 
Record the equipment identification on the test date sheet. 

7.5 Leak-test the sempllng train by turning on the pump, 
plugging the probe, end adjusting the pump Inlet vacuum to 10 
inches Hg. The leek rete must not exceed 0.02 CFM through the 
dry test meter. Before turning off the pump, carefully release 
the plu~ In the sample probe to avoid backflow of the lmpinqer 
solution. 

7.5 Record the Initial dry test meter reading and barometric 
pressure using IV-57. 

8. Sampl Ing 

8.1 Semple at continuous operations for a period of thirty 
minutes for each test run. Semple at batch processes fore 
period of thirty minutes or 90% of the batch process time, 
whichever Is less. 

8.2 Position the prob~ et the sempl Ing point end start 
the pump. 

8.3 Sample et e constant rate of 14.3 liter/min (0.5 CFM) 
during the test as determined by the rotometer. -
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8.4 Record the fol lowin!J information at five-minute intervals: 

dry test meter- temner-a~ure 
impinger- outlet temoerature 
dry test meter volume 
P.otometar- flow. 

8.5 Add ice as necessary to maintain impin9er- temperatures 
at 1°c (45°F) or less. 

8.6 At the conclusion of each run, stop the pump, remove 
the probe from the stack, and record the final meter volume. 

8.7 Take three consecutive samples. 

9. Post-Test Procedures 

9.1 Stopper- the implngor-s untll they are analvzed. 

9.2 Individually analyze the sodium hydroxide solutions and blank 
tor total c.Jntent of phenolic compounds, as phenols, accor-din!7 
to analytical pr~cedure Lab 8. 

10. Cal~ult"ltions 

10.1 Standard sample volume: 
,· 

• 

where: 
'I 0 • corrected samole volume, SDCF at 7o°F 

and 29.92 inches Ho. 
vm = uncor-r-ected meter ~ol ume, ft • .3 
Tm • average r-un meter- temoer-at~re, oq 

Fb • bar-ometr-lc pr-essur-e, inches Hg • 
I 7. 71 • a constant correcting to ]OF and 29.92 

lnches·Hg. 

10.2 phenolic compound, as phenol concentration: 

C • 

whor-e: 
C • phonol ic compound, as phenol concentration, 

ppm by volume on a dry basis. 
w • total ·weight of phenolic comoounds, as 

phenol In the imoinq'!r catch, for- eac!i run, nr-ams. 
9.07 X 10-3 • constant derived tr-cm molar volume, 4S3.6 grams/I 1 

I I • Rcoo r- t I n_ o and molecular weight of phenol. 

11.1 Report the data indicated on Figure IV-58. 
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Source Test Procedure ST-17 

STACK GAS VELOCITY A:rn V'JLU 1 1:T~IC FLOW ~~-TE 

I. Applicebillty 

I. I This procedure is used to determine stack gas velocitv 
end to quantify volumetric flow rate. It is applicable for use 
In determining compliance with any re9ulation of the BAAQMO 
~herein stack gas velocity or flow rate is required. 

2. Principle 

2.1 ihe stack gas velocity is detar~ined bv usin~ a ~ito~ 
tube to ~eesure the velocity heads at ore-doterminec treversn 
points CST-18) across the stack. The stack gas temocrature, 
static pres~ura, end molecular weight and moisture content ar~ 
also measured. The volumetric flow rate can then be deterMined 
from knowledge of the duct geometry. Velocity measurenents 
should be made from e Type "A" sempl ing point whenever ~ossihlc. 
If sampling fecfl itles permit, velocity traverses are conduct~c 
from two ports which ere in radii of 90° • 

• 
3. Range end Repeatability 

3. I The minimum measurable stack 9as velocity is e feet per 
second. The maximum measurable velocity is I imited only by 
available equipment. 

3.2 The repeatabi I ity of the stack !]as velocitv method is 

4. lnterforences 

4 • I No t a p p I i c e b I e . 

5. Apparatus 

5.1 Pitot tube. Use a Stauscheibo (type S) or equivalent, 
with a known coefficient which is constant within ±5~ over the 
entire working range. The pltot tube coefficient is determine~ 
by placing both the S-type and e standard oitot tube In a ~as 
stream end measuring the pressure heed with both over the entire 
velocity range of interest. The coefficient of the type-S 
pi tot tube shal I be calculated as: 

1/2 
CPs • Cps td ( A Ps tdj

AP 
where: C • type S pltof tube coefficient 

APPs 
s • pressure head, type s 

A Pstd • pressure head, standard 
standard pitot tube coefficientCpstd "' 
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5.2 Olfferenti21I Pressure g21uge. Use 21 M21~nehelic 
differentl21I pressure g21uge, or equlv21lent, c21p21ble of ~eesurin9 
the velocity heed with ±5~ accuracy. 

5.3 Tamper21ture gauge. Use 21 Chromel-elumel thermocouple 
to measure stack temperetu~e .within ~,s 0 . of the stack 21bsolute 
tempereture (OF). 

5.4 Barometer. Us~ e mercury, enerold, or other cepeble 
of measuring atmospheric pressure to wlthin ±~.2 lnches of 
mercury.· 

5.5 Connections. Al I flexible tublng connections must bo 
leek free. 

6. Pre-Test Procedures 

6. I Set up the epperetus. · 

6.2 The pltot tube sh21I I be pressurlzed so es to cre21te e 
reading on the differential pressure g21uge end then blocked 
et both ports. The pressure should re~eln constent • 

• 
6.3 Determine the location of the tr21verse point according 

to ST-18. 

6.4 Celculete the molecular weight of the gas stre21m. 
The following steck ges concentretlons shell be measured by the 
procedures indiceted. An orset en21lysis es outlined in ST-24 
mey be substituted for ST-5, ST-6 end ST-14. 

% cerbon dioxide, dry b21slsCST-5) 
~ c21rbon monoxide, dry besls CST-6) 
: oxygen, dry bests (ST-14) 

• % weter vapor. CST-23) 
Record the stack ges composltlon on the test dete 

sheet, Figure IV-59. 

7. Test f'rn~edures 

7. I The ve Ioc rty head and- the temper11t11re at eech treverse 
polnt is meesured end recorded elong with the point locetlon 
on the source test date sheet. 

7.2 Meesure the static pressure In the steck end reco~d 
\ 

on the dete s·heet. 

8. Celcul21tlons 

. 8.1 Average Moleculer Welght 

W • 0.44 CtC02> + 0.32(~02> + o.2acirJ2+C0) + O.J6(~H20> 
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where: MW • average molecular weight 
%CO 2 • percent carbon dioxide by volume Cd ry basis)

~ • percent oxygen by volume (dry basis)so6%C • percent carbon monoxide by volume Cary bas Is> 
SN2 • percent nitrogen by voluma(dry basis-

determined by difference) 

8.2 Stack Gas Velocity. r 1,21
• LCAP) Javg 

• average stack velocity, FPS 
• Pttot tube coefficient 
• Stack gas temperature, OR 
• Berocnetrlc pressure, Inches Hg (absolute) 
• Stack gas static pressure, Inches Hg CabsoluTe) 
• A constant derived from molecular weight 

standard cond It I on s, and Bernou 11 I's 
equation. 

1/ 
vg • Arfthemttc average of squere roots ofI ~Pl } 

the velocity heads In Inches or water. 

8.3 Stack gas Flowrate 
( 

• (10.6)VsA(Pb +Pd) C100-CH70)Oo 
Ts 

where: Oo • volumetric flowrate, SOCFM 
A • stack cross-sectional area, tt2 

CH20 • % weter vapor 
10.6 • A constant derived from correction to 70°F, 

29.92 In Hg, and 60 sec/ min. 

9. Reporting 

9.1 These valves are datermfnedas.auxlllfan,:data for other 
other procedures end shal I be reported with those test results. 
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Source Test Procedure ST-I~ 

STACK TRAVERSE POINT DETERMINATION 

I • Ao p I I cab I I I ty 

I.I This procedure Is used to determine the number and 
l?catlon of traverse points required when determining stack gas 
velocity or extracting a sample from a tvpe "P.'' sample point. 

2. Principle 

2.1 Depending on the stack geometry. a cross-section of the stack 
perpendicular to the gas flow Is divided Into a specified number 
of equal areas. Each traverse point Is then located et pre-
determined points In each erea. 

3. Celculetfons 

3.1 For circular ducts, the following guide! Ines for the 
number of traverse points shal I be fol lowed: 

TABLE 18-1 

Duct Diameter. Inches Number- of Traverse Points 

0 <. 12 4 
13 < ·O <. 20 6 
21 < 0 < 30 8 
31 < 0 < 48 10 

D > 48 12 

3.2 For- circular ducts, the fol lowing formula s-hal I be 
used to deter-mine the locatlon of each tr-averse point: 

O. 5 > R2• ✓ (i - x 
a 

where: • distance to Ith traverse point on 
radius from the center-

• 1th tr-averse point on a radfus 

a • total number of tr-averse points 
on a radfus 

R • fnslde radfus of the duct 

3.3 For rectangular ducts, the followlng formula shall be 
used to determine the equivalent diameter of the stack: 

equlvelent dfameter • 2Clength)Cwldth) 
(length)+ (width) 

The number of traverse points is then determined from Table 18-1 
using the equivalent diameter. 
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3.4 For reetenguler duets, divide the cross section Into 
elementel erees such thet the retlo of the length to width of the 
elementel erees Is between one end two. Loeete the treverse 
points et the centroid of eech elementel eree. 

3.5 No treverse point shell be loceted within one Inch 
of the steck we I I. 

-. 

-
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Source Test Procedure ST-19A 

SULFUR DIOXIDE, CONTINUOUS SAMPLING 

REF: Regs. 9-1-302 10-1-301 
9-1-304 thru 310 

1. Applicability 

1.1 This method ts used to quantify emissions of 
sulfur dioxide (S0 2 >. It determines compliance with 
Regulations 9-1-302, 9-1-304 thru 310 and 10-1-301. 

1.2 The EPA has granted alternate status to EPA 
Method 6 for this method. It determines compliance 
with sulfur dioxide emissions covered under Regulation 7 
<New Source Performance Standards). 

2. Principia 

· 2.1 A continuous representative gas sample Is 
extracted from the sampl Ing point and conditioned to remove 
water and particulate material. The sulfur dioxide concentration 
Is determined by passing a small portion of the sample through 
an ultraviolet analyzer. 

3. Range and Sensitivity 

3.1 The minimum and maxlm~m measurable concentrations 
of so2 depends on the samp I e ca 11 Iength In the ana Iyzer. 

3.2 The minimum sensitivity of the UV anlayzer shall be 
±2% of full scale. 

4. Interferences 

4.1 Elemental sulfur, sulfur trioxide, and carbon 
disulfide wi 11 cause Interferences. 

5. Ap pa rat us 

5.1 Sulfur dioxide analyzer. Use an E.1. DuPont de 
Nemours and Co. Model 400 photometric analyzer or Its 
equivalent. 

5.2 Chart recorder. The recorder monitors end records 
the continuous output from the analyzer. 

5.3 Sample conditioning, zero air, end span gas system. 
The assembly of this system Is shown In Fig. IV-60. The sample 
conditioning system provides• dry, particulate free gas t•ow 
to the Instrument. The zero err system provides clean dry 
atmospheric air for Instrument calibration. The span ges 
system provides a known concentration of S02 for use In calibrating 
the analyzer. Except as specified, all materials, whleh come In. 
contact with either the sample or span gasses must be constructed 
of Teflon or stalnless steel. 
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5.4 Semple probe~ Use e borosflfcete glass tube of 
sufflctent length to traverse the stack betng tested. If 
the steck temperature exceeds 425C C800F>, use e quertz 
probe. Other probes ere acceptable wfth approval of Source Test 

5.5 Condensers. Use modlffed Greenberg-Smith lmplngers 
with the impectlon pletes removed end the lnle~ tube shortened 
toe lenqth of 10cm (4 Inches), or equfvelent. 

5.6 Cool Ing system. Immerse the lmpfngers In en Ice 
beth during the test. 

5.7 Pertlculete filter. Use e Belston type 95 holder 
wfth e grade 8 fllter, or equfvelent, In the sample system. 

5.8 Pumps. Use leek-free, Teflon-ltned, dfephregm 
pumps in the semple end zero air system. The pumps must 
heve e cepeclty of et leest 28 liters/min CI.O CFM>. 

5.9 Beck-pressure regulator. Use e beck-pressure 
reguletor to mefnteln the sample end zero ges sample pressures 
to the Instrument et five pslg. 

5.10 Ges scrubber. Use e bed of slltce gel, Ascertte 
(or sode-r tme), end chercoel to remove mofsture, carbon 
dioxide, end hydrocarbons from the zero eir system. -

5.11 Spen ges. A high-pressure cyl tnder contz,lnfng e 
known concentration of S02 In nttrogen. The spen ges concentration 
must be In the seme renge es the sourc~ being tested. 

6. Pre-Test Procedures 

6.1 Werm-up the Instrument according to menufecturer's 
instructions 

6.2 Assemble the semplfng system es shown In Figure rv-,c. 
6.3 Leek-test the sempl Ing system by sterting the • 

pump, plugging the probe, end determining thet the 
pressure to the enelyzer fel Is to zero. 

6.4 Introduce zero elr Into the enelyzer and zero the 
tnstrument according to manufacturer's Instructions 

6.5 Introduce span gas Into the enalyzer end callbrete 
the Instrument according to manufacturer's Instructions. 

6.6 Conduct e preliminary concentretfon traverse according 
to ST-18 to determine If stratification of the steck ~eses 
ex rs ts. If the sc2 concentret Ion et eny po r nt d If fe rs 
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from the average concentfatlon by more than 10%, traverse the 
stack during the test. If not, sample at any sJngle point. 

6.7 Set-up the chart recorder according to menufecturer's 
recommendations. 

7. Saaip I Ing 

7.1 Each test run shall be of thirty minute duration when 
testing emissions from continuous operations. Each test run at 
batch process operations shall be for 90j of the batch time or 
thirty •lnutes, whfchever Is less. 

7.2 Introduce sample gas Into the analyzer at the same flow 
rate used to calibrate the analyzer. 

7.3 Malntafn Ice In the cool Ing system throughout the test. 

7.4 Calibrate the analyzer before and after each test run. 
Record each step of the callbratlon process clearly on the chart 
recording. 

7.5 Conduct three test runs • 

. a. Aux I I lary Tests 

(- 8.1 Stack flow rate. Use ST-17 to determine the stack gas 
flow rate after each test run.- 8.2 Moisture content. Use ST-23 to determine the moisture 
content of the stack gases. 

8.3 Production rate. Oetermfne the sulfurfc acfd or sulfur 
production from plant data based on a 24 hour, dally prodactlon 
rate In tons per day, If the test Is being conducted on a sulfur 
recovery unit or a sulfurlc acid plant. 

8.4 Oxygen concentration. Use ST-14 to determine the oxygen 
concentration of the stack gas. 

9. Calculatlons 

9.1 From the chart recording determine the tfme-avaraged 
concentration of so2 on a dry basis for each run. 

9.2 Mass emission rate of S02: 

where: • •ass emission rate of S02 Kg/hr (lb/hr) 
• concentration of S02, dry basis, ppm 
• stack gas f Iow rate, SOM3 (SOFT3' 

11ln min/
• (9.93 x 10-6) LB 

(ppm)Ft3Hr. for English units 

• <I • 59 x I o- 4 > Ka 
ppm M3 hr for metric units 
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9.3 Mass emissions besed on production rete: 

Mtp • Mso2 

~ 
where: 

Mtp • Mess emissions per ton of product,~ / •~s \ 
ffletrlc ton \ihort torJ 

Mso2 • Mess emission rete of S02, !Si, (pt!). hr. hr. 

Md • Production rete per hour. Cbesed on up to 48 hour evere~e.> 

9·. 4 Oxygen Correct 1on f ector: 

F • 21.95 - ~e2 
21.95 X Po2 

where: 

Oxygen correction factor 
Oxygen concentration to be corrected to: OJ for 
Sulfur Recovery plants and 12J for Sulfurlc Acid 
Plants. 
Oxygen content present In stack ges. 

9.S S02 concentretlon corrected for oxygen content. 

Cso2F • F x Cso2 

where: 

S02 concentretlon corrected for oxygen content.c502 F • 

10. Reporting 

IC.I The results of each test Is reported as shown In 
Figure IV-61. 
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 
Firm Name ond Address 

Conditions During Tests 

1 Firm Representative ond Title 

Phone No.1-------------· ---Source: 

Operates hr/day & da_ys/yr 

le-♦ No..·-----··-········-····--

Test D.+e:. ·········-·-··· ........... . 
Teat r.,,.e,: 

l.11 A·. ·····----············••·••·-···-···-·-· 

l1111 I·------·--•--·-·· 

l1111C: ..................... 

Operating Parame+.n 

Test Resulh and Comrn.nts 

METHOD RUN A RUN B RUN Cilll 
Run time, minutes 
Steck ges temp., °F. 

ST-17 Steck flowrete, SOCFM 
ST-14 02 cone., dry besfs, j 
ST-5 CO2 cone., dry besls, % 
ST-6 CO cone., dry besls, % 
ST-23 H20 cone., real besls,J 
ST-19A Sulfur Dioxide, ppm 

Sulfur Dioxide, lb/hr. 
S02, lbs/ton pr.oduct 

FIG. I T-61 



Source Test Procedure ST-198 

TOTAL SULFUR OXIDES INTEGRATED SAMPLE 

REF: Regs. 9-1-302 10-1-301 
9-1-304 thru 310 

1. Appllcabi I tty 

1.1 This method is used to quantify emissions of total 
sulfur oxides. It determines compl lance with Regulation 9-1-302, 
9-1-304 thru 310 and 10-1-301, It Is an acceptable alternate 
method to ST-19A. 

2. Principia 

2.1 Sample gas Is drawn through 3% hydrogen peroxide 
solution which absorbs the sulfur oxides. The peroxide solution 
Is then analyzed according to Analytical Procedure,Lab-11. 

3. Range 

3.1 The Minimum measurable concentration of sulfur 
oxides Is 7ppm at the sample voluffle specified In this procedure. 

3.2 The maximum measurable· concentration of sulfur oxides 
Is 2.5j. 

4. Interference 

4.1 Tne presence of strong acids, such as hydrochloric 
acid or sodium bl~ulflte give erroneously high results. The 
presence of alkaline gases or reactive basic solids, such as 
ammonia or calclum oxide give erroneously low results. 

5. Apparatus 

5.1 Probe. The probe Is constructed of borosll icate 
glass tubing. 

5.2 A~sorbers. · Use three Greenberg-Smith lmplngers. 
The final lmplnger has a thermo•etar attached to the Inlet stem. 

5.3 FIiter. Use a glass filter tube of the same type 
as Is used In ST-15. 

5.4 Cool Ing system. An tea bath Is used to contain the 
tmplngers. 

5.5 Sample pump. Use a leak-free vacuum pump capable of 
maintaining a 0.5 CFM flow rate at 15 Inches of mercury. The 
pump must have a flow control valve and vacuum gauge attached 
to the Inlet. 
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5.6 SI Ilea gel tube. Use approxrmately 500cc of silica gel
(with a 0rlerlte Indicator> to Insure that the gas entering the --. 
dry test meter Is dry. 

5.7 Dry test meter. Use a dry test meter accurate 
within !2% of the true volume and equipped with a thermometer 
to measure the outlet temperature. 

5.8 Connections. Use Teflon tubing In making all conn
ections that come In contact with the sample. Vinyl tubing Is 
acceptable for ell other connections. 

5.9 Barometer. Use a be~ometer the~ Is accurate to 
within !0.2 Inches of aercury. 

5.10 Rotameter. Use a c~llbrated rctameter to measure 
the sampllng rate. 

6. Reagents 

6.1 Hydrogen peroxide solution, 3%. Prepare a solutlon 
of 3%, by volume, hydrogen peroxide In dlstl lled water. 

7. Pre-Test Procedures 

7.1 Add 100 ml of 5S!ii292 t9-each of:two~tmptngers. 

7.2 Stopper the lmplngers. 

7.3 Retain 100 ml of the hydrogen peroxide solution to 
analyze as a blank. 

7.4 Assemble the sa~pllng train es shown In Figure IV-62. 

7.5 Leak-test the sampling train by starting the pump, 
plugging the probe, and adjusting the pump Inlet vacuum to 10 
Inches Hg. The leak rate must not exceed 0.02 CFM through the 
dry test meter. Before. stopping the pump, carefully release 
the plug In the sample probe to avoid backflow of the lmplnger 
solutlon. 

7. 6 Record the In It Ie I dry test meter read Ing.·add •• 
barometric pressure as shown In Figure IV-6j. 

8. Sempllng 

8.1 Each test run shell be of thirty minute du rat Ion 
when testing emissions from continuous operations. Each test run 
at batch process operations shell be for 90% of. the batch time or 
thirty minutes, whichever Is less. 

8.2 Pos]tfon the probe at the sampling point and start 
the pump. 

8.3 Sample at a constant rate of 14.3 I lter/mln C0.5 CFM> 
during the test es determined by the rotemeter. Use the rotameter -only to esteblfsh the Initial sampling rate. Then remove It from 
the system. 



-
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8.4 Record the fol lowing Information at five-minute Intervals: 

dry test meter temperature 
lmplnger outlet temperature 
dry test meter reeding 

8.5 Add Ice es necessery to melnteln lmplnger temperetures 
at 7°c or less. 

8.6 At the concl~slon of each run, stop the pump, remove 
the probe from the stack, and record the final meter reeding. 

8.7 Take three consecutive samples. 

9. Post-Test Procedures 

9.1 Immediately after each test run, stopper _the lmplngers 
to minimize sample losses. 

9.2 lndlvfduelly anelyze the hydrogen peroxide solutfons 
for total sulfur oxide content according to analytlcal procedure 
Lab II. 

10. Auxiliary Tests 

10.1 Stack flowrete. Determine the stack gas flowrate after 
eech test run In accordance with ST-17. 

10.2 Moisture. Determine the stack gas moisture content 
In accordance wfth ST-23. 

10.3 Production rate. Determine the sulfuric acid or sulfur 
production from plent deta based on a 24 hour, deify production 
rete In tons per day, If the test Is being conducted on a sulfur 
recovery unit ore sulfuric ecfd plant. 

10.~ Oxygen concentration. Use ST-14 to determine the oxygen 
concentration of the stack gas. 

11. Calculations 

11.1 Standard semple volume: 

Vo• 17.71 VmPb 
Tm 

where:V 0 • corrected sample volume, SOCF at 70°F and 29.92 Inches Hg. 
Vm • uncorrected ~eter volume, ft3 
Tm• average run meter temperature, 0 R 
Pb• barometric pressure, Inches Hg. 

17.71 • a constant correcting to 70F end 29.92 Inches Hg. 
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11.2 Sulfur oxide concentretfon: 

Cso • 1.33 x 104w 
Vo 

where: Cso • sulfur oxides concentration, as S02 
ppm by volume on a dry basis. 

w • t~tal weight of sulfur oxides In the 
lmplnger catch, for each run, grams 

1. 33 • constant derived from molar volu•e, 
454 grams/lb, and molecular weight of S02. 

11.3 Mess emission rate of SOx: 

where: • mess emission rate of SOx (es 502> 
kg/hr (lb/hr.) ( ~ 

• stack gas flow rate SOM' !Qfl3 

min min 
• 9.93 x 1~-6 lb. 

ppm-ft5-hr for Engl lsh units. 
• 1.59 X 10-4 kg 

ppm-m3-hr. for SL units. 

11.4 Mass emissions based on production.rate: 
Mtp • Mso, 

Md 
where: 

Mtp • mess emissions per ton or product, ___K_g___ l_l_b_s_,_~ 
mejrfc ton\short 

Mso2 • mass emission rate of S02 , S { I b s • 
hr. hr. 

• production rate per hour. (bese on_a 48 hour average). 

11.5 Oxygen Correction factor: 
F • 2 1 • 9 5 x xo2 

21.95 x Po2 where: 
F • oxygen correction factor 

Xo2 • Oxygen concentration to be corrected to 0% for 
Sulfur Recovery plants and 12j for Sulfuric Acid plants. 

• Oxygen content present In stack gas.P02 
11.6 S02 concentration corrected for oxygen content. 

Cso2F • F x CS02where: 
S02 concentration corrected for oxygen content.c502 F • 

12. Reporting 

12.1 Report the date Indicated on Figure IV-64. 
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 

Firm Name and Addren ; Finn Representative and Title 

Phat1e No. 
Source: 

Cat1ditions 011ring Tes+s I 
I 
I 

: Operates hr/doy & doys/yr 

Operating Parameters 

leporl No•... - ............... . 

Ted Dote: . 

T..tTi,..e1: 

lv11 A:,.···--•-·-·--·•····· 

L• I:·--···••··--•·•··• ...••...... 

lv• C: .. 

Test Res11lts ond Comments 

METHOD RUN A RUN B RUN C 

Run time, minutes 
Steck gas Temp., OG 

ST-17 Steck ffowrete, SOCFM 
ST-198 Sulfur Dioxide, ppm 

Sulfur Dioxide, lb/hr 
- S02, lbs/ton product 

FIG. I V-64 



SOURCE TEST PROCEDURE ST-20 

SULFUR DIOXIDE, SULFUR TRIOXIDE, SULFURIC ACID MIST 

REF: Regs. 6-320, 6-330, 
9-1-302, 9-1-304 thr-u 310 
10-1-301, 12-6-301 

1. Appl lcabl I lty 

I.I This aethod Is used to quantify emissions of sulfur
dioxide, sulfur- trioxide and sulfur-le acid mist. It determines 
compllanee with Regulations 6-320 and 6-330 for SULFUR TRlnXIDE 
and SULFURIC ACID MIST, and 9-1-302, 9-1-30~ thr-u 310 and 10-1-301 
end 12-61301 for SULFUR DIOXIDE. 

1.2 This method, modified withe glass fiber disc filter 
as the back-up S03 filter, has been given alternate status by
the EPA to EPA Method e. It may be used to determine compliance 
with oxides of sulfur regulations under Reguletlon 9. 

2. Pr-lnclple 

2.1 Sulfuric acid mist, sulfur trioxide and sulfur dioxide 
are collected In a slngle extractive sampllng train. Acid mist 
Is trapped In a quartz wool plug In the sample probe end Is 
subsequentfy,analyzed with en acid-base titration. Sulfur 
trioxide Is ebsor-bed In an soi lsopropyl alcohol (IPA)/weter -solutlon with a quer-tz wool beck-up fllter end Is analyzed 
using enalytlcal procedure LAB 12. Sulfur dioxide Is ebsor-bed 
In a ~queous hydrogen peroxide solutlon and Is analyzed using 
enalytlcal p~ocedur-e LAB 12. 

3. Range 

3.1 The minimum measurable concentrations using this method 
I lsted below are: 

3.1.1 Acid mist - .0002 gr-/tt3 as H2so43.1.2 Sulfur trioxide - 7ppm 
3.1.3 Sulfur dioxide - 7ppm 

3.2 The maximum measurable concentrations using this method 
llsted below are: 

3.2.1 Acid mist - undetermined 
3.2.2 Sulfur trioxide - 350ppm 
3.2.3 Sulfur dioxide - 2.5J 

4. Interferences 

4.1 Acid mist and sulfur dioxide. The presence of strong 
acids or salts such as hydrochlorlc acid or- sodium blsulflte 
give erroneously high results. The presence of alkallne gases 
or reactive basic sol Ids such as ammonia or calcium oxide give 
erroneously low results. 
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4.2 Sulfur Trioxide. Sulfur dioxide at 2000 ppm or over 
may oxidize to sulfur tr1oxlde In the IPA/H 2o solutlon. For 
this reason, two IPA/H20 tmplngers are used In series. The 
sample concentration of S03 as Indicated by the second fmpfnger 
Is regarded as a blank analysts and Is subtracted from the 
analysts of the first lmptnger. 

5. Apparatus 

5.1 Probe. Use a borosf lfcate glass ~robe long enough to 
extend across the stack diameter. If stack temperatures 
exceed 8000F, use a quartz probe. The probe entrance shall· 
be enlarg~d to approximately 20mm 1.0. for a length of 10cm. 
The downstream end should be fitted with$ 900 elbow and a 
ball Joint. The probe shall be heat-traced and Insulated ff 
necessary to prevent sample condensation. 

5.2 Acid •1st ftlter. Insert approximately 3 grams of 
quartz wool In the probe entrance. · 

5.3 Absorbers. Use four Greenberg-Smith lmpfngers, one 
with the Inlet fitted with a ball Joint to receive the probe. 

5.4 FIiter. Approximately 10 grams of quartz or quartz wool 
are packed Into a glass holder of the same specifications as 
the ftlter holders used In ST-15. 

5.5 Cool Ing system. An tee bath Is used to contain the 
fmpfngers. 

5.6 Sample pump. Use a leak-free vacuum pump capable of 
maintaining a 0.5 CFM flow rate at 15 Inches of mercury-vacuum. 
The pump has a flow control valve and vacuum gauge attached to 
the Inlet. 

5.7 SIiica gel tube. Use approximately 500cc of slllca gel 
(with a Orferlte Indicator) to Insure that the gas entering 
the dry test meter Is dry. 

5.8 Ory test meter. Use a dry gas test meter accurate 
within t2j of the true volume and equipped with a thermometer 
to measure the outlet temperature. 

5.9 Connections. Use Teflon tubing In making all connections 
that come In contact with the sample. Vinyl tubing Is acceptable 
for al I other connections. 

5.10 Barometer. Use a barometer that Is accurate to within 
±0.2 Inches of mercury. 

5. II Rotameter. Use a callbrated rotameter to measure 
the sampling rate. 
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6. P.eage nt s 

C. I Isopropeno I, 80~. Prepere en 80~ by vo I ume so I ut ion 
o f i sop ro pe no I C I PA ) i n d i s t i I I e d wete r • Ch e ck the so I u t i on 
for contaminetion using Anelvticel Procedure Leb-10. 

G.2 Hvdrogen peroxide, 3~. Prepere a 3~ by volume solution 
of hydrogen peroxide in distil led.weter. 

7. Pre-Test Procedures 

7.1 Add 100 ml of the 80! IPA to eech of the lmpln9ers. 

7.2 Add 100 ml of the hydrogen peroxide solution to eech 
of the two implngers. 

7.3 Stopper the impingers. 

7.4 ~etaln 100 ml of eech solutfon to enelyze es e blank. 

7.S AsseMble the sempllng trel~ es shown In Figure IV-~5. 

7.6 If condensetlon Is expected, heet trace the sample line. 

7.7 Leek-test the sempllng treln by starting the pump, 
plugging the probe, end edjustln~ the pump inlet vecuum to 10 
Inches Hg. The leek rate must not exceed ~.02 CFM through the 
drv test meter. Before stopping the pump, carefully release tho -
plu~ in the sanple probe to avoid backflow of the impinger solution. 

7.8. Record the initial dry test meter reeding and barometric 
pressure on a dete sheet es shown fn Ffgure IV-66. 

8. SampllnQ 

8.1 Semple et continuous operatfons fore period of 
thirty minutes for eech test run. Sample et batch processes 
for a period of thirty minutes or 90~ of batch process time, 
whichever is less. 

8.2 Position the probe et the sempllng point end start 
the pump. 

8.3 Sample et e constant rete of 14.3 liter/min C0.5 CFM) 
during the test es determined by the rotameter. 

8.4 Record the followlng fnformetion et five-minute intervals: 



dry test meter temperature 
lmpJnger outlet temperature 
dry test meter reading 

8.5 Check the sample probe perlodlcally for condensate. 
If condensation occurs, stop the test untl I the problem Is rectified. 

8.6 Add Ice as necessary to maintain the temperature exiting
the last lmplnger at 70C(45°F) or less. 

8.7 At the conclusion of each run, stop the pump, remove the 
probe from the stack, and record the flnal meter volume. 

8.8 Take three consecutfve samples. 

9. Post-Test Procedures 

9.1 Immediately after sampling, purge the lmplnger train with 
ten cubic feet of S02-free ambient air at a rate of 0.5 CFM. 

9.2 Keep the two IPA solutions on Ice and stoppered untll 
they are analyzed, 

9.3 Analyze the IPA solution within 24 hours after sampllng. 

9.4 lndlvlduel ly analyze each train for acid mist, sulfur 
trioxide, and sulfur dioxide using Analytfcal Procedure Lab-12. 

10. Auxiliary Tests 

10.1 Stack veloclty. Determine the stack gas velocity after 
each run In accordance with ST-17. 

10.2 Moisture content. Determine the moisture In the stack 
gases In accordance with ST-23. 

10.3 Production rate. Determine the sulfuric acid or sulfur 
production from plant data based on a 24 hour, daily production rate 
In tons per day, If the test ts being conducted on a sulfur recovery 
acid plant. 

10.4 Oxygen concentration. Use ST-14 to determine the oxygen 
concentration of the stack gas. 

11. Calculations 

11.1 The standard sample volume: 

where: 
V0 ■ corrected sample volume, SOCF 170°F and 29.92 Inches Hg 
Vm • sample volume as recorded by dry test meter, SCF 
Tm• average meter temperature, OR 
Pb• barometric pressure, Inches Hg.

17.71 • a constant correcting to 70oF and 29.92 Inches Hg. 
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11.2 Acid mist concentretlon: 

• 15 .4W 

0 

where: 
CH2so • concentretlon of acid mist,

4 grelns/SDCF 
W • weight of acid on the probe 

ftlter, grams. 
15.4 • correction from grams to grains

11.3 Sulfur trioxide concentration, es sulfurrc acid: 

(Imp Inger I I ) • 15.4WtCS03 
Vo 

Clmplnger 12) • 15.4 W2Cso3 
Vo 

(fl lter) • 15.4 WfCso3 
Vo 

where: w, • weight of S03 (es HiSOf In Imp Inger II. 
W2 • weight of S03(es In tmptnger 12H2 o4 
WF • weight of S03 Ces H2S04) In the ft lter. 

I I. 4 Total sulfur trioxide content of the sample: 

where: 
• concentretlon of so3 , as H so4 ,cso 23 gretns/SDCF. 

11.5 Total of ecld mlst end sulfur trloxtde concentration: 

• 

I 1.6 The concentration of sulfur dloxlde: 

• 

where: 
• concentration of S02 , ppm (dry)CS02 w • total lmptnger catcfi of so for

2each run, grams.
l.33xt04 • a constant derived from the molar 

volume and molecular welpht of SOJ 
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11.7 The total sample concentration of sulfur dioxide: 

• (lmplngersl3) + c502 Cimplnger 14)c502 C5 02 

I I .8 Mass emission rate of so2 : 

where: 
M • mass emission rate of so2 kg/hr(lb/hr)502 

0 • stack gas flow rate SOM3/min(SOFT3)/min) 
K

0 
• 9~92 x 10-6 lb 

ppm-tt3-hr for English units. 
• 1.59 X IQ-4 kg 

ppm-M3-hr for SL units. 

I 1.9 Mass emissions based on production rate: 

where: 
Mtp • mass emissions per ton of product, Kg t lbs '\ 

metric ton short ton; 

• mass emission rate of S02, ,!Si (lbs\ 
hr. hr.'/

( • Production rate per hour. (based on up to 48 hour 
averaga.) 

11 .10 Oxygen Correction factor: 

F • 2 I • 9 S - Xo:z 
21.95 X P~ 2 where: 

F • Oxygen correction factor 
• Oxygen concentration to be corrected to 0% forx02 Sulfur Recovery plants and 12% for Sulfuric Acid Plants. 

PO • Oxygen content present In stack ges.
2 

11.11 S02 concentration corrected for oxygen content. 

Cso2F. F X Cso2 
where: 

Cso2F • S02 concentration corrected for oxygen content. 

12. Reporting 

12.1 Report the data Indicated ln Figure IV-67. 

\. 
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 

Fiffll Name 011d Adci!'fls Firm Representative and Titie 
~ I ~ 

I ~ 

j PhOfte No. ~ y le_. Ne...,_,, ___,...,------------· --
: Source: ~ 
I 

1ConditioM 011ring Tosts 
ii I ...................... ··-••· 

: O~cm h,/day & doy1/yr • 
:1Operating Porcmeten ~ ._a,--·-
" 
~ 
I
i .... ~ .... 
' ;o 

Test Res11lts ond Cotntnen+s 

~ETHOO 

( 
ST-17 
ST-14 
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ST-6 
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Source Test Procedure ST-21 

- TOTAL REDUCED SULFUR 

REF: Regs. ·12-1-301 thru 303 

I. Appl icabl I lty 

I.I This method Is used to Quantify emissions of total reduced (T~S 
compounds as H2S, In the presence of sulfur dioxide. It 

determines compliance wJth RegulatJons 12-301~ 12-302 end 
12-303 •. 

2. Prlnclole 

2.1 A continuous representative pas sample Js extracted 
from the sampl Ing point and conditioned to remove water and 
particulate materlal. A small portion of the conditioned sample 
Is passed through a potassium cftrate/cltrlc ecJd buffer 
solutJon to remove sulfur dioxide and then through a combustfon 
tube to oxidize al I reduced sulfur to sulfur dioxide. The 
sulfur dioxide Is measured with an ultravlolet analyzer. 

3 • _Ra ng e _and_ Sen s !t I v I t y 

3.1 The minimum measurable concentration of reduced 
sulfur, as H2 S, Is 5 ppm with this method. 

3.2 The maximum concentration of reduced sulfur is- 5000 ppm. 

3.3 The method has been proven in the presence of u~ to 
3500 ppm sulfur dioxide. 

3.4 The analyzer sensltlvlty Is+ 2~ of Instrument scale. 

4. Interferences 

4.1 None are known. 

5. Appara1:u~ 

5.1 Analyzer. Use en E.I. DuPont de 
Nemours Photometric analyzer Model 400 &Quipped with a stainless 
steel sample cell or Its equlvelent to determine so2 concentrations. 

5.2 Chart recorder. The recorder monitors and records 
the continuous output from the analyzer. 

5.3 Sample conditioning, zero air, end span gas system. 
The assembly of this system Is shown In Fig. IV-68. The sample 
conditioning system provides a dry, particulate free ~es flow 
to the Instrument. The zero air system provides clean dry 
atmospheric air for Instrument eel lbretlon. The span gas 
system provides a known concentration of soi for use In 
eel lbratlng the analyzer. Except es specified, all materials-
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whfch come In contact·wlth either the sample or span gases 
must be constructed of Teflon or stafnless steel. 

5.4 Sample probe. Use a boroslflcate glass tube long
enough to traverse the stack being tested. If the stack 
temperature exceeds 425C {SOOF>, use e quartz probe. Other 
probes are acceptable subJect to prJor approval by the Source 
Test Section. 

5.5 Condensers. Use modified Greenberg-Smith fmplngers 
with the fmpactton plates removed and the Inlet tube shortened 
to a length of 10cm (4 Inches), or equlvefent. 

5.6 Cool Ing system. Immerse the lmpfngers In an Ice 
bath during the test. 

5.7 Pertfculate f'.llter. Use a Bafston type 95 holder 
with a ~rade B fitter, or equivalent, In the sample system. 

5.8 Pumps. Use leek-free, Teflon-lfned, diaphragm pumps 
In the sample and zero air system. The pumps mast have a 
free-flow capacity of et least 40 titers/min (1.5 CFM). 

5.9 Back-pressure regufat~~. Use a beck-pressure regulator 
to maintain the sample and zero-gas sample pressures to-the 
Instrument et five pslg. 

5.10 Gas scrubber. Use a bed of jf llce gel, Ascerfte 
(or sode-lfme), end charcoal to remove moisture, carbon 
dioxide, and hydrocarbons from the zero-air system. 

5.11 Span gas. Use high-pressure cylinder containing a 
known concentration of so2 In nitrogen. The span gas con
centration must be In the same range as the source being tested. 

5.12 Combustor. Use a system to oxidize elf reduced 
sulfur compounds In the sample stream to so2 • An example 
of en acceptable combustion tube found adequate by the 
BAAQMO Is shown fn Figures IV-69 and 1v~10. 

5.13 Sulfur dioxide scrubber. Use three midget lmpfngers 
containing the scrubbing reagent. 

5.14 FIiter. Use a Belston type 95 holder with a grade B 
fllter following the combustion tube to reaove S03 end 
particulate from the effluent. 

6. Reagents 

6.1 Potassium Citrate/Citric Acid Buffer. Add 300 grams 
of potassium citrate and 41.0 grams of citric acid to one 
lfter of dlstlffed water. Check the ph of the solution end 
adjust as necessary to 5.6 with the appropriate reagents. 
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7. Pre-Test Procedures 

7.1 Warm-up the Instrument according to manufacturer's 
instructions. 

7.2 Assemble the sampling system as shown In Figure IV-71. 

7.3 Leak-test the sampling systeM by startln9 the pumn, 
plugging the probe, and checking that the pressure to the 
analyzer fal Is to zero. 

7.4 Introduce zero-air, Into the analyzer and zero the 
instrument according to manufacturer's instructions. 

7.5 Introduce span gas Into the analyzer and calibrate 
the Instrument acco~ding to manufacturer's instructions. 

7.6 Conduct a prellmlnary concentration traverse (in 
accordance with ST-18) to determine If stratification of the 
stack gases exists. If the concentration of reduced sulfur 
compounds at any point differs from the average concentration 
by more then 10%, traverse the stack durln~ the test. If not, 
sample at any single point. 

7.7 Prepare the chart recorder according to manufacturer's 
instructions. 

7.8 Add approximately 25ml of the cltr~te buffer reagent 
to each of two midget impingers. 

7.9 Check the scrubber efficiency when the stack SO? 
concentration exceeds 300 ppm. Pass so 2 span gas In the rar.~~ 
expected through the samole system at! flow rate 
of 2 CFH. Break-through should not occur In less than 20 
minutes. If breakthrough occurs, add 25 ml more of the citrate 
ouffer roagent. 

8. Samp I Ing 

8.1 Each test run shat I be of thirty minute duration when 
testing emissions from continuous operations. Each test run 
at a batch operation shal I be for 90:: of the batch time or 
thirty minutes, whichever Is less. 

8.2 Introduce sample gas Into the analyzer at the same 
flow rate used to callbrete the analyzer. 

8.3 ~:alntain ice In the cool Ing system throughout the test. 

3.4 Calibrate the analyzer before end after each test run. 
Record each step of the process clearly on the chart recordino. 

8.5 Conduct throe test runs.- 8.6 Periodically pass so 2 span gas through the scrubber and 
ascertain that the analyzer reads zero. If it doesn't,replace the 
buffer ·reagent. 
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9. Auxll lery Jests 

9.1 Steck flow rate. Determine the steck ges flow rete 
efter eech test run In eccordence with ST-17. 

9.2 Moisture. Determine the steck gas moisture content 
In eccordence with ST-23. 

10. Celculetions 

10.1 From the chert recording determine the time-averaged 
concentretion of TRS one dry bests for each run. 

10.2 The mess emls~lon rete of TRS_ es H2s_ et kreft pulp 
m11 Is: 

w • 

where: w a mess emission of reduced sulfur_ es H2S, In ~bs_ 
per ton of pulp produced. 

CRs • tlme-evereged concentration of reduced 
sulfur_ as H2s_ ppm 

Oo • steck flow rete_ SOCFM 

t a time of pulp produetlon/dey_hrs/dey 
T .. toas of pulp produced/dey • -

5.27 X 10-E • e constent based on the ebove units, 
stenderd conditions end moleculer 
weight. 

II. Rep(?rtlnQ 

II.I The results ere reported es shown In Figure dV-72. 
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 
Firm Name and Addreu : Firm Repr9Mntative a,,d Title 

I 

!Phone No. ____ 

_______ -----------ii 
. 

Source: 
Conditions 011ring Tnh . 

j ll.t11A:. 

a... I: ·-·••······ 

a..,. C:. 

...... 
: Operates 'rr/da_y & days/Yf' 

··-· ... ---····· .. 

Test Results cnci Commenh 

~ETHOO RUN A RUN B RUN C 

Run time, mrnutes 
Stack gas temp., OF. 

ST-17 Stack flowrate, SOCFM 
ST-14 02 cone., dry basis, %-- ST-5 CO2 cone., dry basis,% 
ST-6 CO cone., dry basis, ~ 
ST-12 H20 cone., actual basis, % 
ST-21 Reduced sulfur, as H2 S, ppm 

Reduced SU I fur, I b/hr:. 

FIG. IV-72 
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Source Test Procedure ST-22 

TRIMETHYLAMINE 

Ref: Reg. 7-3-3 

I. Appl lcabl I lty 

I.I This method Is used to quantify emissions of 
Trfmethylamlng (TMA). It determines compllence with Reg. 
7-3-3. 

2. Prfnclple 

2.1 Samp~e gas Is drawn through a solution of 0.1 normal 
CO.IN) hydrochloric acid.which absorbs the TMA. The TMA Is 
subsequently separated end analyzed es specified In Anelytlcal 
Pro~edure lab 14. 

3. Range and Sensitivity 

3.1 The mlnl~um measurable concentration of TMA Is 20 ppb 
et the sample volume specified In this procedure. 

3.2 Elevated concentrations of TMA may be determined by 
Increasing the concentration of the absorbing reagent, 
hydrochloric acid solutlon. The concentration of reagent to 
be used may be deter•lned by stoichiometry, allowing a 50% 
excess. 

4. Interference 

4. 1 None known. 

,. Apparatus 

,.1 probe.The probe fs constructed of borosf llcate glass 
tultlng. 

5.2 Absorbers. Use three Greenberg-Smith lmpfngers. The 
third fmplnger has a thermometer attached to the Inlet stem. 

,.3 Cooling system. An Ice bath Is used to contain the 
lmplngers. 

5.4 Sample pump. Use a leak-free vacuum pump capable of 
maintaining a 0.5 CFM flow rate at 15 Inches of mercury-vacuum. 
The pump hes• flow control valve and vacuum gauge attached to 
the fnlet. 

5.5 Silica gel tube. Use approximately 500cc of silica 
gel with a Orlerlte Indicator to Insure that the gas entering 
the dry test meter Is dry. 

5.6 Dry test meter. Use a dry test meter accurate within 
t2i of the true volume end equipped with a thermometer to measure 
the outlet temperature. 
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5.7 Connections. Use Teflon tublnQ in making el I 
connections thet come In contact with the-sample. Vinyl tubing 
Is eccepteble for ell other connections. 

5.8 Barometer. Use! mercury, aneroid, or other barometer 
that Is accurate to within -0.2 Inches of mercury. 

5.9 Rotemeter. Use e eel lbreted rotemeter to measure the 
sempllng rate. 

6. Reeoents 

6. _I · Hy droch Io r i c ec I d, 0. I N. 

7. Pre-Test Procedures 

7.1 Add 100 ml of the HCI solution to eech of two lmplnpers. 

7.2 Stopper the lmpingers. 

7.3 Retain 100 ml of the hydrochloric acid to analyze es e 
blank 

7.4 Assemble the sempllng tretn es shown In Figure IY-73. 

7.5 Leek-test the sempll~g train by starting the pump, 
plugging the probe, end adjusting the pump Inlet vecuum to 10 
Inches Hg. The leek rete must not ~xceed 0.02 CFM through the 
dry test meter. Be fore stopping the pump, ce re fu I Iv re lease 
the plug In the sample probe to avoid beckflow of the impinger 
solution. 

7.6 Record the Initial dry test meter reeding end barometric 
pressure as shown In Figure ,fV-74.. 

8. Sempl Ing 

8.1 Eech test run shal I be of ·shc-ty minute duration 
when testing emissions from continuous operations. Each test 
run et batch process operations shell be for 90r of the batch 
time or sixty minutes, whichever· Is less. 

8.2 Position the probe et the sampling point end start the 
pump. 

8.3 Sample et a constant rate of 14.3 titer/min C0.5 CFM) 
during the test es determined by the rotemeter. Use the rotemeter 
only to establish the lnltlal sampling rate. Then remove It from 
the system. 

8.4 Record the following Information et five minute Intervals. 

-
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Dry test meter tem~erature 
lmpin~er outle~ temoerature 
D~v t~s• ~e~~~ •~~~:~~ 

8.5 Add ice as necessary to mai~tain impinger temoeratures 
at 1°c (45°F> or less. 

8.6 At the conclusion of each run, stoo the oumo, remove 
the probe from the sTack, and record the final meter volume. 

8.7 Take three· consecutive samples. 

9. Post-Test Procedures 

?.I lmmed~ate·I.'!' aftP.r each te~t ru:,, s-,:-,o~er t~9 ir.:ii~~ers to 
mini~ize sample losses. 

9.2 l:idivldually analyze the hydrochloric acid svlutions and 
blank for TMA content according to analvtical procedure Lab 14. 

10. ::alculations 

10. I Standa~d sample volume: 

17.71 VmPb 

Tm 
I 
( where: 

Vo • corrected samcle volume, SDCF at 100~ 
and 29.92 inches Hg. 

Ym .. uncorrected meter volume, tt3 
Tm ar averaqe run meter temperature, 0 R 
Pb = barometric pressure, inches Hg. 

I 7. 71 • a constant correctinq to 10F and 29.92 inches He 

10.2 TMA concentration: 

C • 14.4 x lo? 'ti 

"Where: 
Cr:.: o.·. • nr,i; concentration, ppm by vo I urne on 

a dry basis. 
w • total weight of Ti-1A in the impinger 

catch, for each run, grams.
14.4 • Cor.stant derived frcm molar volume, molecular 

I I. Reporting weight, and 454 grams/lb. 

I!. I ReporT the data indicated on Figure IV-75. 
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SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 
firm Nome and Aciciress I Firm Representa+i•e and Title 

Phone No. 

Source: 

. Operates hr/day & 

Conditions During Tests 

Ii 
11 Re pod Na-............... ·-··· ...... . 11
it 
II 

Te-♦ Oate: ...~ 
Test Tiffles: 

ij llun A: ................. - ............... . 
days/yr 

Operating Parameters R.un 1: ....... .................... . 

llun C: .... .. ....... 

THt Re,ults and Commenn 

METHOD TEST RUN A RUN 8 RUN C 

Run time, minutes 
Steck gas temp., °F. 

·-22 TMA concentration, ppm -
• 
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Source Test ~roce dure ST-23 

WATE~ VA?')R 

I. A;,plicat:ility 

i. I This met~od is used to cuanti~v t~e ~ater vaoor content 
of stack gases. It is applicable in al I cases in which sue~ 
data are needed by any other ;,rocecurs in this ma~ual. 

2. 0 rinciole 

2. I A gas sample is extracted from the stac~ at a constant 
rate. ~oisture is removed from the gas through +he use of 
cold condensers. The total condensate is weight determined 
gravimetrica: ly. The residual water vapor is determined bv 
calculation. 

3. qan~e and ~eoeatao r Ii tv 

3. I The ninimum measurable concentraTion of water vaoor 
is 2~ moisture by volume. The maximum measura~le ccncen~ration 
is I'.)~~ water vapor. 

3.2 ihe sensitivity of the procedure is 
+
-1.0;. water va~or. 

4. I nterfarence 

4. I Compounds ~~ich ~i I I condense at 450~. 7-,e saturated 
gas 7e~perature ~i I I cause a positive ~ias. 

;. Aoparatus 

; . I ::>robe. _1 :,e orobe is constructec of e i t:-,er ~ores iii cate 
~lass or cuartz and must be heated as necessarv to evoi: condensation 
in the orobe. Other probe mate,ials are acceptable when stack 
conditions al low. 

;.2 Condensers. Use. three Greenberg-Smith imoingars as 
condensers. ihe third has a thermometer attached to the 
inlet stem. 

5.3 Cooling system. An ice bath is used to contain al I the 
imoingers. 

5.4 Sample pump. Use a teak-free vacuum oumo capable of 
a f I O<w rate at IO inches of Hg vacuum. 

5.5 ury test meter. Use a dry gas meter test meter 
accurate within -2; of the true volume end eauioped withe 
thermometer To measure the ou~tet temper~ture. 
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5.5 :onnections. Al I flexible ~u~in~ mus7 ~e le~k-free. 

6. Pre-iest Frocedures 

6.1 Tare weights on each of the impingers are recorded 
to the neerest .I gram. 

6.2 The sampling train is assembled as shown in Fi9ure IV-76. 
Equipment identification is recorded on the test date sheet. 

6.3 It is recommended, but not 1:equired that the sampling 
train be leak-tested before sampling by turnin9 on the pumo, 
plugging the probe end adjusting the pump inlet vacuum to 15" 
Hg. The leak rate through the dry test ~~ter s~al I not exceed 
1. 02 CFi~ 

6.4 Recor.d the initial meter reading before samol in~ 
commences. 

7. Sampling 

7.1 The pump is started and the flow rate adjusted to 
a pp r ox i r., et e I y ::l • 5 CFl-: • 'i a i n ta i n a steady s a r:, o I i n Q rate 
throughout the test period. 

7.2 Samele for thirty minutes or until at least 2')cc 
of condensate heve collected in the first impin9er. 

7.3 At five-minute intervals, record the following: 

Test meter temperature 
Flow rate 
Sa t u r a t i o n temp e rat- u re ( f ro m t h i rd i mo i n g e r ) 
Pump inle~ vacuum 

7.4 Record the baro~etric pressure. 

8. Post-Test Procedures 

8 • I C I e a n , ·. d ry an d we i g h th e i mp i r, ge rs • 

9. Calculations- . 

9.1 Standard dry sample volume at 90°F, 29.92 inches Hg. 

V e 
0 

-
104 



where: 17.71 = a cons1"ant correcting to 70F and 29.92 inches Hg. 
V • st~ndar-d samole volume, SDCF 

Cp~ barometric pr-essur-9, inches Hg 
i m = aver-age meter- temoer-atur-e 

3
Vm = uacorrect9 d meter vo I urne, ft 

9.2 S1"ack gas water vapor content 

Vo P:5at(.0474W) + 
F' b - ?·I - ~sat 

X 100H = Vo Psat 
Vo + (.0474W) + Pb - P·I -Psa"t 

where: W = 1"otal conaensate, grams 
H .. S water vapor-.. water sa'turation or-essur-e, inches HgPsai' 

determined from aver-age saturation temoer-a"tur-e. 
p. • pumo in I et vacuum, i :iches HgI 

.J4i4 .. a cons~ant for- correcting to standard 
conditions. 

IO. Reoor-_1" I n_q_ 

10.1 These values are deter-mined as auxiliary data for 
o"ther- procedures and sha I I be r-eporTed •,d th those tes't r-esu I ts. 
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Sour: Test Procecure ST-24 

TANK SAM=:_:·~,:; !='CR -; 0 S.!7 ,UJ.!1;,_VSIS 
CCO, C0 7 ,'J.,J 

REF' : Regs . 6 - 3 1 0 • l , a- I - t 1 0 • 3 10-3-301 
9-3-301 thru 9-3-304 

I . A_p p I i cab i I i ty 

I .I This method is used to determine the carbon monoxide, 
carjon dioxide and oxygen cont~nts of stack gases. It is an 
acceptacle alternate to ST-5, ST-6, and ST-14. 

2. ~rinciple 

2.1 Stack gases are drawn at a constant rate into an evacuatec 
stainless steel Tank. A desiccant is used to dry the gases before 
entering the tank. After testing, the tank is positivelv oressurized 
wiT~ a known amount of drv nitrog~n. The tank contents are then 
analyzed with an Orsat analyzer, and the results are corrected 
~ac~ to pre-dilution conditions. 

3. Rance 

3. I The minimum measurable concentration of C~, CO 2 or isc2 
0. 2~. 

3.2 The procecure is usable for gases up to IJOS CO, C0 2 or 0 2 .- 4. ! nter-ference 

4.1 SOz lnte-r+ers •Ith CO2 determination. 

5. Apparatus 

5.1 Tank. Use a stainless steel tank, 8-1 iter capacity or 
larger, fitted wittt a stainless steel flow-control I ing valve and a 
vacuum gauge is used. 

5.2 Flowmeter. Use a rotameter capable of measuring low 
samp I i ng ra1"es. 

5.3 Desiccant bed. Use Orierite, or eQuivalent, of sufficient 
capacity to dry a volume of sample eQual ~o the tank volume. 

5.4 Probe. The probe is constructed of either stainless 
steel or glass. 

5.5 Connections. Al I flexible tub inf connections must be 
leak free. 

5.6 Purging Appara1"us. Use a saueeze bulb with check valv~s 
(see ~igure I l to purge the sample I ines with stack 9ases orior 
To samoling, as shown in Figure I. 

5.7 ).1anometer. Use differenti~I manometer with a ran~e of -3S 
to +2S inches Hg. 
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5.8 3arometer. Use a temoera'ture comoensated aneroic tvpe 
!""ar.ge cf 2:.: 7C .) 

- '' . ~ .., 

6. Pre-Te~t Procedures 

6. I Prior to the field test, evacuate end see I the tenk. 
If, efter e period of not less than two hours, the vacuum gau9e 
indicates a leak, do not use the tank. 

6.2 If no leak is found, record the evacuated pressure 
(gauge), the ambient temoereture, and barometric pressure at the 
time of evacuation. 

6.3 In the field, asse,nble the sampling aoparatus as sho1,:n 
in Fig.lV-77. Purge the sampling train ur:til stack gas hes cori:,letelv 
replaced ambient air. Then remove purgin~ appararus from t~e 
sarnpl ing svstem. 

7. Sampl inc 

Sample at a constant rate slow enough to fi I I the evacuated 
cylinder in approximately 30-minutes. 

7.2 For batch processes sample at a constant rate slow 
enouoh "to fi 11 the evacuated cylinder in approximatelv 30 minutes 
or 90~ of the bate~ process time, whichever is less. --

7.3 When 'the tanks is full, seal it for later evalua-:-ion. 

7.4 Take three consecutive samples if feasible. 

8. Post-Test Procedures 

8. I A I I ow the tank to eou i Ii brate at or near the amt: i ent 
temperature at which is was evacuated. Then record the pressure 
of its contents and the barome~ric pressure. 

8.2 Pressurize the tank to at least 10 inches cf Mercury 
with dry oxygen-free nitrogen. Wait at least ten minutes before 
reading and recording the pressure. 

9. Ana_l_y!ical P_rocedure_s 

9.1 The tank contents are analyzed for oxygen, car~on monoxide 
end/or carbon dioxide by the Orsat method. Operation of the 
analysis apparatus shell follow manufacturer's instructions. 

9.2 The tank contents ere analyzed cn•i I successive analvses 
ere constant within .2~ (absolute). The constant values shall 
~e repor'ted as 'the results of the analysis. 
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- -- l'J. C~lc:.il~,..;ons 

10.1 Tank ~ilution corr-ec~ion factor: 

•F 
( p 2 + Pa F ) - Cp I + p 8 I l 

where: 
F = correction factor-

Pt • residual pressure after evacuation (gauge) 
P2 • pressure after sampling, (gauge) 
P3 • pressure after addition of nitrogen Cgaugel 

P31 = barometric pressure at time of evacuation 
PBF = barometric pressure at time of pressurization 

10.2 Multiply ~Y the f?5ctor detel"'mi~ed in 1".LI, the Orsat 
analvtic iesults from Section 9.-
1 I • Re o o rt i_n g_ 

11.1 T!'\ese values·are determined ~ au,ci I iary data for 
other procedures and sJia I I be reported w I th those test resu I ts. 

I 
I 
\ 

-

108-

https://C~lc:.il


I 

I •. ; ~ 
~ •• &.;. -~ <· .· _:;. I ,, , I'.•, .. 1 ., . .__ .;\,.. _ ~ . • ._; ::·. ::_ .,,!

;.. ·_ ~ ... , i· ... . • ,:; ,· ,· ..l'.i. :;;;.~'i-, •.1 
... , ..~A:1!,·C"" I'•..:_.;,,-..:.h:,~i 

s 
0 

~ ROTAMETER 

t 
CHECK VALVES _______s~vs~NYL rue ING I 

I FLOW CONTROL AND SHUTOFF 
DESICCANT 

VACUUM GAUGE 

,; EVACUATED •' 
CYLINDER 

; . :· . ·) . . . .... ,. : ..., 
I 

•-~-,:;.""'\li.:;1•'I• •.,· "!I -.sl't 

Flg. IV - 77 

S/\MPI ING FOR ORSAT ANALYSIS 

) ) 



Source Test Procedure ST-25 

- FLUORIDE, INTEGRATED SAMPLING 

( 

·-

REF: Reg. 10-1-301 

I. App If cab I llty 

I.I This method.is used to quantify emissions of fluoride. It 
determines compliance with Section 10-1-301 of Regulation 10. 

2 • Pr i nc i p re 

2.1 Sample gas Is dntwn through a solution of 0.1 normel CO.IN) 
sodium hydroxide which absorbs the fluoride. The fluoride Is then analyzed 
acco~dlng to Analytical Procedure Lab-24. 

3. Range 

3.1 The minimum ineasuntble concentration of fluoride Is 0.05 ppm 
at the semple volume specified In this procedure. 

4. lnteHerence 

Interferences are accounted for In Lab Procedure 24. 

5. Apparatus 

5,1 Probe- The probe rs ~nstructed of boroslllcate glass tubing. 

5.2 Condensers. Use three Greengerg-Smlth lmplngers as absorber/ 
condensers. The final lmplnger has a thermometer attached to the Inlet 
stem. 

5.3 Cooling system. Use an Ice bath to contain the lmplngers. 

5.4 Sample pump. Use a leak-free vacuum pump capable of maintaining 
a 14.3 liter/min (0.5 CFM) flow rate at 15 Inches of mercury. The pump must 
have a flow control valve and vacuum gauge attached to the Inlet. 

5.5 SIiias gel tube. Use approximately 500cc of slllca gel (with 
a Orlerlte Indicator) to Insure that the gas entering the dry test meter 
ts dry • 

. 5.6 Ory test meter. Use a dry gas test meter accuntte within ±2% 
of the true vol1.111e and equipped with a thermometer to measure the outlet 
temperature. 

5.7 Connections. Use teflon tubing In making all connecf'lons 
that come In ~tact with the sample. Vinyl tubing Is acceptable for al I 
other connections. 

·-
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5.8 Barometer. Use a barometer that Is accurate to within 
:0.2 Inches of mercury. 

5.9 Rotemeter. Use a callbn1ted rotameter to measure the 
samp I Ing rate. 

6. Reagents 

6.1 Sodium hydroxide, O.IN. Dissolve 4.0 grams of sodium hydroxide 
ml concentrated HCI pellets In sufficiently dlstllled water to make a 1.0 
I lter solution. 

7. Pre-Test Procedures 

7.1 Add 100 ml of the NeOH solution to eech of two lmplngers. 

7.2 Stopper the lmplngers. 

7.3 Retain 100 ml of the NeOH solution to analyze es e blank. 

7.4 Assemble the sampling tr-eln as shown In Figure IV-78. 

7.5 Leek-test the sempllng train by starting the p1.111p, plugglng the 
probe, and adjusting the pump Inlet vacuum to 10 Inches Hg. The leak rate 
must not exceed 0.6 liter/min (0.02 CFM) through the dry test meter. Before 
stopping the pump, carefully release the plug In the sample probe to avoid 
beckflow of the lmptnger solution. --

7.6 Record the lnlttel dry test meter reeding and barometric 
pressure on the sempllng data sheet, Figure IV-79. 

7.7 If there ts evidence of concentr-etion stratification, select the 
sempllng traverse points aceorilTig to ST-18. Otherwtse, sample et single• point. 

8. Sempl Ing 

8.1 Each test run shall be of thirty minute duration when testing 
emissions from continuous oper-etlons. Each te,t run at batch process 
operation shell be for 90% of the batch time or thirty minutes, whichever 
Is less. 

8.2 Position the probe et the sampllng point end start the pump. 

8.3 Semple ate constant rate of 14.3 liter/min (0.5 CFM) during . 
the test as detenn I ned by the rotameter. Use the rotemeter on·l·y to estab I t sh 
the I n It Ie· I semp I I ng rate. Then rerrr:,ve It from the system. 

8. 4 Record the fo How Ing I nfonnet I on at f Ive-m Inute Interve Is: 

Ory test meter temperature 
lmplnger outlet temperature 
Dry test meter volume 

11 0 



8.5 Add Ice as necessary to maintain Impinge; te~peratures at 7oC 
(450F) or less. -

8.6 At the conclusion of each run, stop the pump, remove the probe 
frcm the stack, record the final meter reading. Point the probe upward 
and purge the sample train with ambient air. Rinse the probe and connect
Ing tubing with 50 ml of the NaOH solution and drefn Into the first 
fmplnger. IITll'ledlately transfer the lmplnger solutions Into polyethylene 
bottles for subsequent analyses. 

8.7 Take three consecutive samples. 

9. Post-Test Procedures 

9.1 lndlvldually analyze the sodium hydroxide solutions and blank 
for total fluoride content according to analytical procedure Lab 24. 

10. Auxl llary Tests 

10.1 Stack pas velocity and volumetric flown!lte, ST-17. 

II. Calculations 

II.I Standard sample volume: 

y • 17.71 VmPb 
0 

Tm - Where: V0 • corrected sample volume, SOCF at 700F 
and 29.92 Inches Hg. 

Vm • uncorrected meter volume, tt3 

Tm • average run meter temperature, OR 
• baranetrlc pressure, Inches Hg.,,.;~ • a constant correc1'1ng to 700F and 29.92 Inches Hg 

11.2 Fluoride concentration: 

C • 2.13 x 103 (V) 

Vo 

Where: C • anmonla concentration, ppm by volume on a dry basis 
V • total volume of fluoride In the lmplnger 

catch for each run, mlcroliters. 
2.7:5 X to3 • a constant derived from the molecular weight 

and correcting to 70F and 29.92 Inches Hg 
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- SUMMARY OF 
SOU-RCE TEST RESULTS 

SOURCE INFORMATION 

Firm Nome ond Addre11 Finn Representative ond Title 

Phone No. 

Source: 

Conditions 011,ing Tests 

Operates 'rrt/drzy & ooys/Y" 

llepo,t No.. _____ ·••····--•·········· ·-·········-··-

Teat Cate: .... 

THt Times: 

l.11 A: 

Operating Porometen .........._.............. ··•·•-·••··•· 

ll1111C: ·•--··•··•······'····•·········· ......•.•.......•. 

Test Res11lh and Comments 

METHOD RUN A RUN B RUN C 

ST-25 

Run time, minutes 
Stack gas temp., °F. 
Fluoride, ppm 
Flaorlde,· pounds per 
ton of product 

-
FIG IV-80 
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11.3 Pounds of fluoride per ton of product: 

M • 2.94 x ,o-6 {PPM) {Qo> 

p 

Where: M • pounds of fluoride per ton of product
Q .. stack gas volumetric flow rete, ST-17 
Po • production rete, tons per hour (dally everege) 

2.94 X JQ6 • e constant derived ff"Orl'I corrections to standard 
conditions, time end molecular weight. 

12. Reporting 

12.1 Report the date lndlc:eted on Figure IV-80. 

-
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Source Test Procedure ST-26 -
COKE BURN-OFF RATE 

REF: Reg. 10-8-301 

I. Appllcablllty 

1.1 In order to detenntne comp I lance wtth Regulation 10-8-301 for 
pai-ttculete emissions from Fluid Catalytic Cracking Unit Catalyst Regenerators 
It Is necessary to calculate the coke burn-off rate. 

2. Calculation of Coke Burn-Off Rate 
sec 

2.1 Re • 0.0186 QRE<%C02 + SCO> + o_.1303, ORA - 0.0062 oRE(2 + %CO2 + iei) 

Where: 

Re • Coke burn-off rate ( lb/hr) 
0.0186 • materiel balance factor divided by 100 Clb-mln/hr-ft 1 )

SC0i • percent carbon dioxide by volume, dry basis 
SC0 • percent airbon monox Ide by vo Iume, dry bas Is 

0.1303 • material balance factor dfvlded by 100 Clb-mfn/hr-ft 3 
) 

~ • air rate to flued catalyst cracking unit catalyst 
regenerator, es detennlned from flufd aitalytlc 
cr21ckfng unit control room Instrumentation Cdscf/mfn)- 0.0062 • 1Mterlal balance factor dfvlded by 100 (lb-mfn/fir-ft 1 ) 

3. Reference 

3.1 40 CFR 60.106. Test Methods and Procedures Pert CA) (4). 

-
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.......Source Test Procedure s~-27 

PRESSURE DROP, PHASE II GASOLINE VAPOR RECOVERY 

I 

REF: Reg. 1-7-600 

1. Applicability 

l.l This method is used to deternine the pressure drop in 

the vapor lines leading from the dispensinQ nozzle to the 

t~derground tank, inclusively. It is applicable in all cases 

where a Phase II vapor balance system is used. 

2. Principle 

2.1 The pressure drop during refuelin~ is simulated by 

passing nitrogen through the Phase II recovery system at a 

constant rate. The resultant pressure drop is r,easured usin~ 

a pressure gauge. 

3. ~nge 

3.1 The minimum and maximum pressure drops that can be 

measured are dependent upon available pressure gauges. Recommended 

gauge ranges are 0-2 in. H2O and 0-10 in. H2O. 

4. Interferences . . . 

4.1 Any leaks in the nozzle vapor path, vapor hose, or 

underground vapor return piping will result in a low pressure 

drop measurement. 

114 



.• 

( 

NITROGEN 
CYLINDER 

ROTAMETER 

• 

I 
AUTOMOBILE 
FILL NECK 

) H1'GMEI IEL ICS 

0-2 &0-10 
INCHES OF \tATER 

FrnuRr: rv-81 

PRESSURE DROP TEST APPAR1'TUS 



PHASE II -

UAAPGD 

TRST WORKSHEET 

. 

TEST NUMBER 

STA'rION 

ADDRESS 

MANAGER I 

DATJt:! 

CIT'i 

TRL. 

PUMP 
NUHBl-~R 

OAJOLINR 
GRADE 

NOZZU: MFG~ & : 

HODEL NUMBKR 
FLOWHA"rE, 

CFH 
D1NAMIC BACK 

,:. __Pll~JURE 11 Jlr0 
STA'flC BACK 
PH.&:iSUHE 11 1120 

COMHJ!;N•rs 

UJ,;i,•u111!! Al.ikrl!:11 

. 

: .·, 
I 

.. "•• 
'•.. -

FIGIJRP. IV-R2 

) 



- SUMMARY OF 
SOURCE TEST RESULTS 

SOURCE INFORMATION 
Firm RepresentatiYe and Title 

Pl,011e No. 

Firm Name and Address 

le,-t Ne.._................. - . -···---·· 
~ource: 

Tnt D•te:............ . 
Conditioni Owing Test, Tn♦ T-,: 

..... .-.:............. 
Operates hr/day & days/yr 

Operating Parameten l..a I:·-·······-··· ...... 

..... c: ...... ······•· ..... ········-·--

T"t Resulh and Comments 

PUMP NOZZLE DYNAMIC BACK PRESSURE, IN. H20 
METHOD NUMBER TYPE BEFORE DRAINING AFTER DRAINING 

( 

-
FIG IV-83 
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Source Test Procedure ST-28 

HYDROGEN SULFIDE, INTEGRATED SAMPLING 

REF: Reg. 10-8-393 

I. Appllceblllty 

I.I This method Is eppllceble for the determination of 
hydrogen sulfide CH2S) emissions from stationery sources for 
compliance with Reguletlon.10-8-303. 

2. Principle 

2.t Hydrogen sulfide Is collected In e series of tmplngers 
end reacted with elkellne cadmium hydroxide (CdCOH>2> to form 
cadmium sulfide CCdS). The precipitated CdS Is dissolved In 
hydrochloric acid end absorbed In en Iodine solution. The 
iodine consumed Is related to the H2S content of the ges. The 
sample train Is preced•d by en lmplnger containing hydrogen 
peroxide to remove so2 which Interfere with the determination. 

3. Range and·Sensltlvlty 

3.1 The minimum measurable concentration of hydrogen sulfide 
Is 0.0002 grelns/SDCF 

4. Interferences 

4.1 High concentrations of so2 or other acid gases could 
saturate the peroxide lmplnger end Interfere. 

5. Apparatus 

5.1 Probe. The probe Is constructed of borosll lcete glass
tubing. 

5.2 Absorbers. Use five Greenberg-Smith lmplngers. The 
flnel lmpinger hes e thermometer etteche~ to the Inlet stem. 

5.3 Cool Ing system. An Ice beth Is used to contain the 
lmplngers. 

5.4 Semple pump. Use e leek free vacuum pump capable of 
maintaining e 0.5 CFM flow rate et 15 Inches of mercury. The 
pump hes e flow control end vacuum gauge attached to the Inlet. 

5.5 Slllce gel tube. Use epproxlmately 500 cc of slllce 
gel with a drlerlte Indicator to Insure dry gas entering the 
dry gas meter. 

-
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5.6 Ory test meter. Use a dry test meter accurate within - ±2% of the true volume and equipped with a thermometer to 

-

measure the outlet temperature. 

,.1 Connections. Use Teflon tubing ln·maklng all connections 
that come In contact with the sample. Vlnyl tubing Is acceptable 
for all other connections. 

5.8 Barometer. Use a barometer that ls accurate within ±0.2 
Inches of mercury. 

,.9 Rotameter. Use a calibrated rotameter to measure the 
sampllng rate. 

6. Reagents 

6.1 Hydrogen peroxide <H202> solutlon, 3%. Prepare a 
solutlon of 3% by volume hydrogen peroxide In dlsttlled water. 

6.2 Cadmium hydroxide (Cd(OH> 2 >. Mix 4.3 g cadmium sulfate 
hydrate (3CdS04 .eH20> and 0.3g of sodium hydroxide CNaOH) In 
I lfter of dlstllled water. 

7. Pre-test Procedures 

7.1 Add 100 ml of 3% to one lmplnger.H2o2 

7.2 Add 100 ml of Cd(OH)2 to each of three lmplngers. 

7.3 Assemble the semplfng train es shown In Figure IV-84. 

7.4 Leak-test the sampllng train by starting the sample 
pump, plugging the probe, end adjusting the pump Inlet vacuum 
to 10 Inches Hg. The leak rate must not exceed 0.02 CFM through 
the meter. Before stopping the pump, carefully release the 
plug In the sample probe to avoid backflow of the lmpfnger 
solution. 

7.5 Record the Initial dry test meter reeding and barometric 
pressure as shown In Flgu~e IV-85. 

e. Sempllng 

8.1 Each test run shell be of thirty minute duration when 
testing emlss•ons from continuous operations. Each test run 
at batch process operations shall be for 90% of the ~atch time 
or thirty minutes, whichever Is less. If the yellow color of 
cadmium ~ulflde·t• visible 1n the third cadmium hydroxide 
lmplnger discontinue sampling. 

8.2 Position the probe at the sampllng point and stert the 
pump. 
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--8.3 Semple et e constent rete of 14.3 liter/min (0.5 CFM) 
during the test es determined by the rotemeter. Use the 
rotameter only to establish the Initial sempllng rete. Then 
remove It from the system. 

8.~ Record the followlng lnfoM11atlon at five-minute 
Intervals: 

dry test meter temperature 
lmplnger outlet temperature 
dry test meter reading 

8.5 Add Ice as necessary to maintain lmplnger temperatures 
et 7°c or less. 

8.6 At the conclusion of eech run, stop the pump, remove 
the probe from the stack, end record the fine! meter reeding. 

8.7 Teke three consecutive samples. 

9. Post-Test Procedures 

9.1 Disconnect the lmplnger treln from the probe end purge 
the treln with clean ambient elr for 15 minutes to ensure ell 

H2S Is removed from the hydrogen peroxide. 

9.2 Stopper the lmplngers to minimize semple losses. 

9.3 lndlvlduelly enelyze the cedmlum hydroxide solutlons for 
hydrogen sulfide according to enalytlcal procedure Lab 18. 

10 Celculetlons 

10.1 Standard Semple Volume: 

V
0 

• 17.71 VmPb 
Tm 

where: V0 • corrected sample volume, SDCF at 70°F 
and 29.92 In Hg. 

Tm• average ~eter temperature, 0 R, c°F+460) 
Vm • uncorrected meter volume, ft3 
Pb• barometric pressure, Inches Hg. 

17.71 • constant correcting to standard conditions 
C5300R) 

(29.92 Inches Hg) 
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/ 10.2 Hydrogen Sulfide concentration: 

-
where: CH s • Hydrogen sulfide concentration,

2 gralns/SOCF 
W • total weight of hydrogen sulfide 

In the l•plnger catch, for each run, grams 
15.43• factor converting grams to grains 

1 1 • Report I n s 

II.I Report the data Indicated on Figure IV-86. 

( 
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Continuous Emission Monitoring 

Polley and Procedures 

I. Introduction 

• Tfte purpose of this Volume of Manual of Procedures Is to advise 
persons subject to the Regulations of the Bay Area Air Quality 
Mtnagement District of the requirements which must be met by 
comtlnuous emission monitoring lnstallatlons. 

This volume Is en elaboration of the requirements In the Regulations 
and has been adopted by the Board of Directors of this District. 

Persons fall Ing to comply with Its provisions wll I be subject to 
penalty action as provided for In the Health end Safety Code of the 
State of Cellfornla. 

2. App I I ca_b i IJ..!.y. 

The procedures set forth in this Volume ere applicable to the 
requirements for those monitors specified by District regulations. 
Generally, these regulations are designed to fulfill the requirements 
of State and Federal Law, I.e., Sections 42700 of the Cal lfornla 
Health and Safety Code along with Cal lfornla Air Resources Board 
Resolution 75-59 end Title 40, U.S. Code of Federal Regulations, 
Part SI, Appendix P. and Part 60. 

These documents are available to the publ le. Persons subject to 
these monitoring requirements are encouraged to obtain them and review 
their contents. 

3. Instrumentation. 

3.1 General 

The Air Pollutlon Control Officer CAPCO) shall approva plans and 
specifications for monitor selection and placement. 

In al I cases where gaseous monitors are Installed It wll I be necessary 
to determine mass emission rates. Flow rate may be determined 
either by Install Ing a stack gas velocity monitor or by calcu1atlons. 
Any such calculations must be clear, easy to verify, and of 
demonstrated rellablllty. 

All monitors on sources subject to an emission standard shal I be 
equipped with an analog chart recorder. Chart speeds shall be such 
that vlolatlons of the standard are readtly discernible • 

..~ Ill 

The Instrument span shall be two to four times the anticipated stack 
concentration. If necessary to provide a clear record of any 
violations, the Instruments shall be dual range with automatic 
attenuation and an event marker to Indicate span on the chart 
recorder. 



--

In certain s.ltuations It may be possible to use a sing le monitor 
on a combination of sources or, In the case of an extractive 
;ystem, to u~e one monitoring system on multiple sources. The 
APCO wll I approve any such appllcatlons on a case-by-case basis. 

3.2 Specifications 

Factors taken Into consideration when the APCO eYaluates a 
proposed monitor lnstallatlon will be the performance speci-
f lc:::atlons shown In Appendlcles A, B, and C, ff appl lcable, and 
the state of the art. 

3.3 Placement 

The monitoring locatlon shall be such that a representative sample 
Is obtalnable. The APCO may provide alternates to these requirements 
In cases of hardship or physlcal lmposslblllty. 

4 • I n st a II at I on -Sch e du Ies 

Occaslonally additional monitors may be required by written 
notification from the APCO. For the purpose of lnstallatfon 
scheduling, the effective date shall be the date of the letter 
from the APCO. 

The fol I owing timetable shal I apply to such fns·tal la1"1ons. 

4.1 Submittal of Plans and Specifications 

A person shal I respond to the Air Pollut.fon Control Officer In 
writing within 45 days from the date of notification that a 
monitor Is required. Such response shall Include the plans and 
specifications of monitor selection and placement and shall Include 
a descriptive brochure from the manufacturer containing performance 
specifications and an engineering drawing depicting the placement. 

4.2 Proof of Intent~~ Purchase 

Within 45 days of the date :f notification by APCO of approval of 
plans and specifications, e person shall furnish the Air Pollutlon 
Control Officer documentary proof of Intent to purchase, In the 
form of a copy of a purchase order. 

4.3 Completfon of lnstallatlon 

Within 180 days of submission of Intent to Purchase the fnstal latlon 
t~ prellmlnary fleld callbratlon shall have been completed; and 
the Air Pol lutlon Control Officer so notified. 
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4.4 Completfon of Testfng Requfrements 

Wfthfn 45 days of completion of fnstallatlon, all requfred tests 
shall have been completed ~nd reported to the APCO. It may be 
preferable that part of the required testing be done by the 
,anufacturer at the factory. 

4.5 Time Extensions• 
Tl•• extensions may be granted at the dfscretlon of the APCO. 

5. Operation 

5.1 General 

Jnstru•ent ■ al functions are to be reported on the monthly report 
lndfcatlng times, type and a brief description of the repairs. 
Periods of fnoperatfon greater than 24 hours must be reported by 
phone to the District dispatcher by the following working day, 
followed by notification of completfon of repafrs. Repefrs must 
be •ade as soon as possible. Downtimes In excess of tffteen days 
shall be deemed a fallure to monftor. 

A record shall be maintained for each monftor describing mafntenance, 
calfbratfon and fnspectlon. 

~· .. 

r The Source Test Section of this Ofstrfct wf II conduct periodic, 
Field Accuracy tests to assure proper maintenance and accuracy. 

5.2 Callbratlon 

Dally callbratfon and span checks shal I be made as recommended by 
the manufacturer, except for velocity sensfng fnstrumentatfon which 
shall be cal fbrated on a monthly basis. Daffy records shat I be 
kept and adjustments shall be made ff the drift Is greater than 
ten percent of the appl feeble emission standard or, ff none applies, 
ten percent of span. 

Calibration gases shat I be traceable to NBS standards 
where such reference gases are available. Every three months 
from the date of manufacture, gases .must be re-analyzed by the 
reference methods Indicated In the Appendfcfes, unless the manu
facturer guarantees a longer shelf life. Gases should not be 
used after their stated shelf llfe has expired. For extractive 
~ystems, the callbratlon gases must be Introduced as close to the 
~Ip of the probe as possfbfe. 

5.3.Malntenance 

Al I monitoring systems shall be ■ afntalned In a good state of 
repair. At the discretion of the APCO, either complete performence 
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spectftcetion tests or fle)d eccurecy tests may be required after 
repelrs heve been made on the system. 

6. Testing Requirements 

Testing requirements depend on the type of monitor end source. 
Pefformence tests shel I be conducted et the.completion 9f lnstelletlon 
end preliminary field eel ?brettons. A copy of the test results 
shil I be furnished to the APCO end one copy shal I be retelned In 
owners ft Ie. 

6.1 Performance Speclflcetton Tests 

Performence Specification Tests ere detetled tests designed to 
Insure that en Instrument meets performance specifications for 
eccurecy, zero end spen drift, response time end stebll tty. 
These tests ere required on the fol lowing monitors on Indicated 
sources. 

Monitor SOURCES 

Foss I I Fuel Fired Steam Generators, H2S0 4 plants 
Foss 11 Fuel Fired Steam Generetors, HN0 3 plants 
Foss I I Fuel Fired Steem Generators. 
Al I 

Appl iceble Performance Spectftcetton Test Procedures ere appended 
es A, B, end C. These procedures ere identical to EPA Performance 
Specification Tests 1,2 ead 3. 

6.2 Field Accuracy Tests 

Fteld Accuracy Tests ere e portion of the Performance Speclflcetlon 
Test which ere designed to Insure the accuracy of the monitoring 
system. They ere eppltceble to ell systems except trensmtssometers. 
The eccurecy requirement ts that the monitoring system must be 
within ±20% or 10% of the appllceble emission stenderd, whichever ts 
greater, when compared to the Field Accuracy Test Procedure. This 
means that not only the component monitors, but also, the result~nt 
mass emission rate must meet this specification. 

Fteld Accuracy Test Procedure ts shown es Appendix D. 

7. Records Retention 

All persons subject to monitoring re~utrements must maintain a 
f~Je of ell pertinent lnformetlon, emlsston mea•urements, system 
pe·rtonne nee spec If Icet I on end f Ie Id eccu recy tests, ce 11 bret I on 
checks; edJustments end maintenance. 

These records must be retained for not less then two years end 
made aval leble to the APCO upon request. Source Test personnel 
may Inspect them during periodic Field Accurecy TesTs. -
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8. Re-ports 

8.1 Performance Specification Test Report 

This test Is to be conducted by the person responslble for the 
lnstellatlon. One copy of the test results Is to be furnished 
to the APCO upon completion. The APCO wlll notify the person 
of the acceptability of the report. 

4 8.2 Ff e Id Accuracy Test Report 

T-tlfs test may be conducted erther by the person responslbfe for 
rie •onftor or the APCO. Coples of the test results ere to be 
furnrshed by either party to the other upon compfetlon of the test. 

8.3 Report of Excesses 

Any Jndlcated excess of any emission standard to which the st8tlonery 
source rs required to conform, as Indicated by the monitoring
device, shall be reported by tt~~operator of the source by 
telephone to the District dispatcher within 96 hours after such 
occurrence. The report should Include the nature, extent, cause 
and corrective action taken. 

For the purpose of determining en lndrcated excess rn the case of 
a gaseous pollutant an excess wlf f be considered to have occurred 
If the average of any clock hour exceeds the standard, except for 
start-up of sulfuric acrd plants. Prior to July 31, 1981, sulfur 
dioxide emissions during start-up of suffurlc acid plants shall 
be averaged over the first six hours of operation for purposes of 
determining compliance. After July 31, 1981, the start-up 
averaging tl~e shall be four hours.- In the case of opacity, an Indicated excess wll I be considered to 
have occurred rt any cumulatrve period over three minutes within 
any clock hour was In excess of the opacity standard. 

Where computerized date processing systems ere used the APCO 
may approve alternate requirements. 

8.4 Monthly Monltorrng Report 

The data from monitors requrred by this District wlll be used as 
proof of violations of applicable emission standards, to relate 
sources to ground level monitoring excesses and provide emission 
Inventory Information. Therefore, the emissions to be reported 
wlll very with the type of Monitor. The following Is a fist of 
tbe., type of emissions that must be reported for each__ pollutant: 

Po I I utent Emlssron Tyoe 

Opacrty Excesses only 
NOx Mess Emission Rate (Ton/day) plus NOx concentretron 

et 3% 02 for Regula~ed bol lers. 
Average 24 hour concentration, maximum one hour 
concentration, Mess Emission rate, Tons/day, and 
emissions based on production rate. 
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Al I concentration date ts to be reported one dry bests. A 
water monitor Is not necessary for the dry bests calculation. 
Date from·prevlous tests. process parameters or calculations 
11ey be used. 

ln 4 eddltlon to the emission date, the monthly monttortn~ report 
she I I Include: 

= e: the date end time tdenttfytng each period the system 
was lnope~:tlve, except for deity cellbretlons, end 
the netur~ of the repairs. 

b: A Summery ~f the excesses Including e negative decler
etlon If appltcalbe. 

The monthly cellbratlon date on the flow sensor need not be 
reported and ts to be kept evelleble In files. 

An example of the reporting format Is shown es Appendix E. 

Thts report ts due within 30 deys after the end of the month • 

• 

I 
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PERFORMANCE SPECIFICATION . TEST" 1 

Perfor.nance Specification 1 - Perfonnance specifications and 
specification test procedures for transmissometer systems 
for continuous measurement of the- opacity of stack emissions. 

1. Principle and Applicability 
.. 1.1 Principle. The c;,pacity of particulate matter ill 

stack emissions is measured by a continuously operating 
*ssion measurement system. These systems are based upon 
the principle of transmissometry which is a direct measurement 
of the attenuation of visible radiation_ (opacity) by particulate 
matter in a stack effluent. Light having specific spectral 
characteristics is projected from a lamp across the stack 
of a pollutant source to a light sensor. '?he light is 
attenuated due to absorption and scatter by the particulate 
matter in the effluent. 'l'he percentage of visible light 
attenuated is defined as the opacity of the emission. 
Transparent stack emissions that do not attenuate light will 
have a transmittance of 100 or an opacity of O. Opaque 
stack emissions that attenuate all of the visible light 
will have a trans:nittance of O or an opacity of 100 percent. 
The t:ansmissometer is evaluated by use of neutral density 
filters to determine the precision of the continuous 
monitoring system. Tests of the system are perfonned to 
determine zero drift, and response time characteristecs 
of the system.( 

1.2 Applicability. This perfor:nance specification is 
applicable to the continuous monitoring systems specified in 
the subparts for measuring opacity of emissions. Specifi
cation for continuous measurement of visible emissions are 
given in tel:1lls of design, performance, and installation 
parameters, installation requirements, and data compu
tation procedures for evaluating the acceptability of the 
continuous monitoring systems subject to approval by the 
APCO. 

2 • Apparatus
2.1 Calibrated Filters. Optical filters with neutral 

spectral characteristics and known optical densities to 
visible light of screens known to produce specified optical 
densities. Calibrated filters+with accuracies certified 
by the manufacturer to within - 3 percent opacity shall be 
used. Filters required are low, mid, and high-range filters 
with nominal optical densities as follows when the trans
apmeter is spanned at opacity levels specified by applicable 

· subparts: 
Calibrated filter optical densities 

Span Value with equivalent opacity in parenthesis
(percent opacity) 

Low Range Mid-Range High-Range 
so o.1 c20) 0.2 (37) o.3 (SO)
60- - - - - - - - - - - .1 (20) .2 (37) .3 (SO),o- - - - - - - - - - - .1 (20) .3 (50) .4 (60) 
so- - - - - - - - - - - .l (20) • 3 (50) • 6 (75) 
90- - - - - - - - - - - .1 (20) .4 (60) .7 (80)
100 - - - - - - - - - - • l ( 2 0) • 4 ( 6 0) • 9 ( 8 7 1/2} 
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It is recommended that filter calibrations be checked 
with a well-collimated photopic transmissometer of known 
linearity prior to use. 'l'he filters shall be of sufficient 
size to attenuate the entire light beam of the transmi.ssomete.r. 

2.2 Data bcorder. Analog c:ha%t.recorder or other suitable 
device with input voltage range compatible with the analyzer 
fystem output. 'l'he resolution of the recorder's data 
output shall be sufficient to allow completion of the test 
procedures within this specification. 

2.3 Opacity measurment -System. An in-stack transmissometer 
(folded or single path) with the optical design specifications
designated below, associated . .conb:'01. units-and apparatus ..;. 
to keep optical surfaces clean. 
3. Definitions. 

3.1 Continuous Monitoring System. ~e total equipment 
required for the determination of pollutant opacity in a 
source effluent. - Continuous monitoring systems consist of 
major subsystems as follows: 

• 3.1.l Sampling ~terface. 'l'he portion of a continuous 
monitoring system for opacity that protects the analyzer from 
the effluent. 

3.1.2 Analyzer. That portion of the continuous monitoring 
system which senses the pollutant and generates a signal output 
that is a function of the pollutant opacity. · 

3.1.3 Data Recorder. 'l'hat portion of the continuous 
monitoring system that processes the analyzer output and provides 
a pe:=manent record of the output signal in terms of pollutant
opacity. 

3.2 Transmissometer. 'l'he portions of a·continuous monitoring 
system for opacity that include the sampling interface and the 
analyzer. 

3.3 Span. The value of opacity at which the continuous 
monitori?lg ·system· is ·set to produce· the maxi.mum· data-display. 
output. The span shall be set at an opacity specified in each 
applicable subpart. 

3.4 Calibration Error. 'l'he difference between the opacity 
reading indicated by the continuous monitoring system and the 
known values cf a series of test standards. For this method 
~e test standards are a series of calibrated optical filters or 
screens. 
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3.S Zero Drift. The change in continuous monitoring system 
output over a stated period of time of normal continuous 
operation when the pollutant concentration at the time of the 
measurements is zero. 

3.6 calibration Drift. The change in the continuous 
mo!itoring system output over a stated period of time.of normal 
continuous operation when the pollutant· ~ncentration at the 
~ of the measurements is the same known upscale value. 

3.7 System Response. The time interval from a step 
change in opacity in the staclc at the input to the continuous 
monitoring system to the time at which 9S percent of the corres
ponding final value is reached as displayed on the continuous 
monitoring system data recorder. 

3.8 Operational Test Period. A minimum period of time 
over which a continuous monitoring system is expected to 
operate within certain perfon,ance specifications without 
unscheduled maintanence, repair, or adjustment. 

3.9 Transmittance. The fraction of incident light that 
is transmitted through an optical mediam of interest. 

3.10 Opacity. The fraction of incident light that is 
attenuated by an optical medium of interest. Opacity (0) 
and transmittance (T) are related as follows: 

O•l-T 

3.ll Optical Density. A logarithmic measure of the amount 
of light that it attenuated by a.n optical medium of interest. 
Optical density (O) is related to the tl:a.nsmittance and opacity 
as follows: 

O • -log10T 

O • - log10 (l-0) 

3.12 Peak Optical Response. The wa.ve-length of maxi.mum 
Sal'lsitivity of the instrument. 

3.13 Mean Spectral Response. The wave-length which bisects 
the total area under the curv.e obtained pursuant to para.graph 
9.2.l 

3.14 Angle of View. The maximum (total) angie of radiation 
de:tection by the pbotodetector assembly of the analyzer. 

3.1S Angle of Projection. The maximum (total) angle that 
contains 9S percent of the radiation projected from the la.mp 
assembly of the analyzer. 

9 
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3.16 Pathlength. The depth of effluent in the light 
beam between the receiver and the transmitter of the single-pass 
transmissometer, or the depth of effluent between ~e transciever 
and reflector of a double-pass transmissometer. 'rw0 pathlengths 
are referenced by this specification: 
• 

3.16.l Monitor Pathlength. 'l'be depth of effluent· as the 
l:,UStalled location of the continuous monitoring system. 
:: 

3.16.2 Emission Outlet Pathlength. The depth of effluent 
at the location emissions are released to the atmosphere. 

4. Installation Specification. 

4.1 Location. Thr trans:mi.ssometer must be located across· 
a section of duct or stack that will provide a particulate 
matter flow throu;-h the optical volume of the transmissometer 
that is representative of the particulate matter flow through 
the duct or-stack. It is recommended that the monitor path
length or depth of effluent for the transmissometer include 
the entire diameter of the duct or stack. %n inst.a.llations 
using a shorter pathlength, ext:ra·caution must be·used·in 
determining the measurement location representative of the 
particulate matter flow through the duct or $tack. 

4. l. l The transmissometer location shall be downstream 
from a.ll particulate control equipment. 

4.1.2 The transmissometer. shall be located as far from 
bends and obstructions as p:rac:tica.l. 

4.1.3 A transmissometer that is located in the duct or 
stack following.a bend shall be installed in the plane defined 
by the bend where possible. 

r.l.4 'l'he transmissometer should be installed in an accessible 
location. 

4.1.5 When required by the APCO , the owner or 
operator of.a source.must-demonstrate that the transmissometer 
is located in a section of duct or stack where a representative 
particulate matter distributation exists. 'l'he determination 
shall be accomplished by examining the opacity profile of the 
effluent as a series of positions across the duct or stack 
while the plant is in operation at maximum or reduced operating 
rates or by other tests acceptable to.the .APCO. · 
._.. 

4.2 Slotted Tube. Installations that require the use 
of a slotted tube shall use a slotted tube of sufficient 
size and blackness so as not to interfere with the free flow 
of effluent through the entire optical volume of the trans
missometer or reflect light into the transmissometer photodetector. 
Light reflections may be prevented by using blackened baffles 

I 
......... 

-within the slotted tube to prevent the lamp radiation from 
impinging upon the tube walls, by restricting the angle of 
projection of the light and the angle of view of the photo• 
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detector assembly to less than the cross-sectional area of the 
slotted tube, or by other methods. The owner or operator must 
show that the manufacturer of the monitoring system has used 
appropriate methods to minimuze light reflections for systems 
using slotted tubes • .. 

4.3 Data Recorder Output. The continuous monitoring system 
= output shall permit expanded display of the span opacity on a 
: standard 0 to 100 percent scale. Since all opacity standards 
. are based on the opacity of the effluent exhausted to the at:nospher
the system output shall be based upon the emission outlet 
pathlength and. pexmanently recorded. For affected facilities 
whose monitor pathlength is different from the facility's
emission outlet pathlength, a graph shall be provided with the 
installation to show the relationships between the continuous 
monitoring system recorded opacity based upon the emission 
outlet pathlength and the opacity of the effluent at the analyzer
location (monitor pathlength ). 'rests for measurement of 
opacity that are required by this perf'ormance specification 
are based upon the monitor pathlength. 'l'he graph necessary 
to convert the data recorder output to the monitor pathlength 
basis shall be established as follows: · 

log (1-01) • (l1/l2) log (1-02) 

i 
, where: 

01 • the opacity of the effluent based upon 11-- 02 -the opacity of the effluent based upon 12-

11 -the emission outlet pathlength. 

12 -the monitor pathlength. 

S. Optical Design Specifications.
'?he optical design specifications set forth in Section 6.1 
shall be met in order for a measurement system to comply with 
the requirements of this method. 

6. Determination of Conformance with Desi~ Specifications~ 

6.1.l Peak Spectral Response. The peak spectral response 
of the continuous monitoring systems shall :occur between 500 
nm and 600 nm. Response at any wavelength below 400 nm or 

_ above 700 nm shall be less than 10 percent of the peak response 
--~ of the continuous monitoring system.. 

6.1 'l'he continaous monitoring system. for measurement 
of opacity shall be demonstrated to conform to the design 
specifications set forth as follows: 

, 

6.1.2 Mean Spectral Response. The mean spectral response 
o.f the continuous monitoring system shall occur between 500 nm 
and 600 nm. 
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6.1.3 Angle of View. The total angle of view shall be 
no greater than S degrees. 

6.1.4 Angle of Projection. 'l'he total angle of.projection
• shall be no greater than S degrees. · 

6.2 Conformance with reauirements under Section 6.1 of: this specification may be der.ionstrated by the owner or operator
of the •affected facility or by the manufacturer of the opacity 
measurement system. Where conformance is demonstrated by the 
manufacturer, certification that the tests were performed, a 
description of the test procedures, and the test results 
shall be- provided.-by ·the. manu£acture.r.__ If. the source_owner.or 
operator demonstrates conformance, the procedures used and 
results obtained shall be reported. 

6.3 The gene.ral test procedures to be followed to demonstrate 
conformance with Section 6 requirements are given as follows: 
(These procedures will not be applicable to all designs and 
will require ~ification in some cases. Where analyzer and 
optical design is certified by the manufacturer to conform 
with the angle of view or angle of projection specifications 
the respee;ive procedures may be omitted.) 

6.3.l Spectral Response. Obtain spectral data for detector, -
lamp, and filter components used in the measurement system from 
their respective manufacturers. 

6.3.2 Angle o! View. Set the receiver up as specified 
by the manufacturer. Draw an are with radius of 3 meters. 
Measure the receiver response to a ~all (less than 3 centimeters) 
non-directional light source at 5-centimeter intervals on the 
arc for 26 centimeters on either side of the detector center
line. Repeat the test in the vertical direetion. 

6.3.3 Angle of Projection. Set the projector up as 
specified by the manufacturer. Draw an are with radius of 3 
meters. Osing a small photoelectric light detector (less than 
3 centi.mete.rs)., measure. the. light intensity. at 5-centime.ter 
intervals on the arc for 26 centimeters on wither side of the 
light source centerline of projection. Repeat the test in the 
vertical direction. 

7.-Continuous Monitoring System Performance Specifications. 
__ -.. · The continuous monitoring system shall meet the performance

specifications in Table 1-1 to be considered acceptable under 
this method.. 
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TABLE 1-1. Performance Specifications 

r 

Parameter Specifications 

a. calibration error _________ '-. 3 pc:t opacity.l · 
b. z~ drilt (24h) _ _ ______ t 2 ~c:t opacity. l 
c. Calibration drilt_ T24 h)_____ ~ ~ 2 pc:t opacity.l 
d. Response time · 10 s (maximum) 
•• Operational test period: : : : : : 168 h. 

1 Expressed as sum of a.bsolute mean value and the 95 
pc:t confidence interval of a series of tests. 

8. Performance Specification Test Procedures. 'rhe followi..~g 
test procedures shall be used to deteniine conformance with the 
requirements of paragraph 7: 

8.1 Calibration E.-ror and Response Tiz:ie Test. These 
tests are to be perfonned prior to installation of the system 
on the stack and may be performed ~t the affected facility or 
at other locations provided that proper notification is qiven. 
Set up and calibrate the measurement system as specified by 
the manufacturer's written instructions for t..~e monitor 
pathlength to be used in the-installation. Span the analyzer 
as specified in applicable subparts. 

8.1.1 Calil>ration Error Test. Insert a series of calibration 
filters in the transr.li.ssometer path at the midpoint. A 
minimum of three calibration filters (low, mid, and high-range) -
selected in accordance with the tal:lle under paragraph 2.1 and 
calibrated within 3 percent must be used. Make a total of five 
nonconsecutive readings for each filter. Record the measurement 
system output readings in percent opacity. (See Figure l-1). 

8.1.2 System Response Test. Insert the high-range filter 
in the transmissometer path five times and record the time 
required for the system to respond to 95 percent of final zero 
and high-range filter values •. (See Figure l-2). 

8.2 Field Test for Zero Drift and Calibration Drift. 
Install the continuous monitoring system on the affected 
facility and perfor:n the following alignments: 

8.2.l Preliminary Alignments. As soom as possible after 
installation and once a year thereafter when the facility is 
not in operation perform the following optical and zero align~ents: 
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8.2.l.l Optical Alignment. Align the light beam from 

the ·t:-ansmissomete: upon the optical surfaces located across 
the effluent (i.e., the retroflector or photodetector as 
applicable) in accordance with the manufacturer's instructions. 

8.2.l.2 Zero Aligi;ment. Afte.r the transmissometer bas 
been optically aligned and the transmissometer mounting is 
mechanically stable (i.e., no movement of the mounting due to 
thermal con~ac:tion of the stack, duet, etc.) and a clean stack 
condition has been determined by a steady zero opacity condition, 
perfo:m t.~e zero alignment. This a.lic;nment is performed by 
balancing the continuous monitor system response so that any 
simulated zero check coincides with an actutl zero check 
perfo::med across.the.monitor pathlength of the clean.stack. 

8.2.l.3 Span. Span the continuous monitoring system 
at the opacity specified in subparts and offset the ze:o setting 
at least 10 percent of span so that negative drift ce.n be 
quantified. 

8. 2. 2 Final Alic;nm&nts£. Afte:- the preliminary a.lic;nments 
have been completed and the affected facility has bee..~ started 
up and reaches normal operating temperature, re-check the optical 
alic;mnent in accordance with 8.2.l.l cf this 5?ecification. 
If the alignment has shifted, realign the optics, record any 
detectable shift in the opacity measured by the systeJTt that can 
be attributed to the optical realic;mnent, and notify the -
~co. This condition may not be objec:tion~le if the 
affected facility operates within a fti:-ly constant a..~d adequatel~ 
na.rrcw range of operating temperatures that does not produce 
significant shifts in C?tical alignment during no:rmal operation 
of the facility. Onde: circumstances where the facility 
operations ?reduce fluctuations-in the effluent gas teJtt?eratu=e 
that result in significant misalignments, the APCO 
may requi:-e improved mounting structures or another loc~ticn 
for installation cf the tra.nsmissomete:-. 

8.2.3 conditioning Period. After completing the post
startup alignments, operate the syst~ for an initial 168-
hour conditioning period in a noz:ma.l. operational manner. 

8.2.4 Operational Test Period. After eoffi?letin9 the 
conditioning period, operate the systeo for an additional 
168-bour period retaining the zero offset. The system shall 
monitor the source effluent at all times except when being 
zeroed or calibrated. At 24-hour intervals the zero and span 
shall be checked accordina to the manufacturer's instructions. 
Minimum procedures used shall ·?rcvide a system cheek of the 
analyze: internal .mirrors and all electronic circuitry including 
the lamp and photodetector assembly and sha.ll include a 
procedure for producing a simulated zero opacity condition and 
a simulated upscale (span) opacity condition as viewed by the 
receiver. The manufacturer's written instructions may be 
used providing that they equal or exceed these minimum procedure! _ 
Zero and span the transmissometer, clean all optiea.l. surfaces 
exposed to the effluent, realign optics, and make any necessary 

Adjustments to the calibration of the system daily. These zero 
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and calibration adjustments a.nd optical realignments are allowed 
only at 24-hour intervals or at such shorter intervals as 
the manufacturer's written instructions specify. Automatic- corrections made by the measurement system without operator 
interventions are allowed at any time. The magnitude of any 
zero or span drift adjustments shall be recorded. During 

• t:hi5 168-hour operational test period, record the following 
at 24-hour intervals: (a) the zero reading and span re·adings 

= dter the system is calibrated (these readings should be set 
: at the same value at the beginning of each 24-hour period) ; 

(b) the zero reading after each 24 hours of operation, but 
before cleaning and adjustment; and (c) the span reading a£ter 
cleaning and zero adjustment, but be.fore span adjustment. 
(See Figure 1~3). 

9. Calculation, Data Analysis, and Reporting. 

9.1 Procedure for Determination of Mean Values and 
Confidence Intervals. 

9.1.1 The mean value of the data set is calculated 
according to equation l-1. 

Equation l-l 

where xi• absolute value of the individual measurements. 

•sum.of the individual values. 

X • mean value, and 

n • number of data points. 

9.1.2 The 95 per~ent confidence interval (two-sided) 
is calculated according to equation 1-2: 

t.975- _r- _C.I.95 Vn (C x12) - ( 'C x1) 2 
nltjn-1 

Equation 1-2 

where 
. .... xi• sum of all data points, 

t.97s • t1 - a/2 and 

C.I.95 • 95 percent confidence interval estimate of the 
average mean value. 

( 
\ 
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Values for t.975 

n L.975 n t.§75 

2 12.706 10 ~-262 
3- - - - - - - - - 4.303 11- - - - - - - - - - 2.22B 
4- - - - - - - - - 3.182 12- - - - - - - - ~ - 2 .201 
s- - - - - - - - - 2. 776 13- - - - - - - - - - 2 -179 

= 6-· - - - - - - - - 2. 571 14- - - - - - - - - - 2 .160= ,- - - - - - - - - 2.477 1s- - - - - - - - - - 2 .14 s 
e- - - - - - - - - 2.365 16- - - - - - - - - - 2 .1319::::::::: 2:306 - - -··- - - - --·-. 

The values in this table are already corrected for n-l 
degrees of freedom. Osen equal to the nwnber of samples .as 
data points. 

9.2 Data Analysis and Reporting. 

9.2.l Spectral Response. Combine the·spectral data 
obtained in accordance with paragraph 6.3.l to develop the 
.effective spectral response curve of the transmissometer. 
Report the wavelength at which the peak response occurs, the· 
wavelength at which the mean response occurs, and the maximum 
,esponse at any wavelength below 400 nm and above 700 nm · 
expressed as a percentage of the peak response as required 
under paragraph 6.2 

9.2.2 Angle of View. Osing the data obtained in accordance 
with paragraph 6.3.2, calc:ulate.the response of the receiver 
as a function·of viewillg angle in the-horizontal ·and vertical 
directions (26 centimeters of arc with a radius of 3 meters 
equal 5 degrees). Report relative angle of view curves as 
required under paragraph 6.2. 

9.2.3 Angle of Projection. Using the data obtained in 
accordance with paragraph 6.3.3, calculate the response of the 
photoelectric detector.as a.function·of projection·angle i.n 
the horizontal and vertical directions. Report relative angle 
of projection curves as required under paragraph 6.2. 

9.2.4 calibration Error. Osing the data. from paragraph
8.1 (figure l-1), subtract the known filter opacity value 
from the va.lue shown by the measuremen't system for each of 
the 15 read.ings. Calculate the mean and 95 percent confidence·.•. 
interval of the five different values at each test filter 

. value according to equations 1-l •nd l-2. Report the sum of 
the absolute mean difference and the 95 percent confidence 
interval for each of the three test filters. 

-
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Figure 1-1, Calibr~tion Error Test 

Calibrated Neutral Density Filter Data 
(See paragraph B.1.1) 

~w ~d High
Range_-_____, opacity Range \opacity· Range ___,opacity 

( 

\.. 
I 

Span Value , opacity 

Date of Test Location of Test 
~ 

Calibrated Pilter1 · Analyzer Reading·· · Differences2 
I Opacity I Opacity 

l. 

2. 

3 •. 

4.----------------,-------------------
s.__________________________________ 

7. 
6.----------------------------------_ 

a.__________________________________ 

9.__________________________________ 

10·-------------------------------
11.______________________________ 

12._______________________________ 

ll._______________________________ 

14 ·---------------------------------15 ._______________________________ 

Mid High 

Mean Difference 

Confidence Interval 

Calibration error• Mean Difference3+c.I. 

1 
tow, mid or high range 

3
2calibration filter opacity - analyzer reading

Absolute value 
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9.2.S Zero Drift. Using the zero opacity values measured 
every 24 hours during the field test (paragraph 8.2), calculate 
the differences between the zero point after cleaning, aligning, 
and adjustment, and the zero value 24 hours later just prior 
to cleaning, aligning, and adjustment. Calculate the mean 
value of these points and the confidence interval using 
equations 1-1 and l-2. Report the sum of the absolute mean 

• value and the 95 percent confidence interval. 

= 9.2.6 Calibration Drift. Using the span value measured= every 24 hours during the field test, ca1c:ulate the differences 
between the span value a.fter cleaning, aligning, and adjustment 
of zero and span, and the spa.n value 24 hours later just 
after cleaning, aligning, and adjustment of zero and before 
adjustment of span. calculate the mean value of these points 
and the confidence interval using equations l-1 and l-2. 
Report the sum of the absolute mean value and the confidence 
interval. • 

9. 2. 7 -Response Time. Using the data from paragraph 8. l, 
calculate the time interval from filter insertion to 95 percent 
of the final stable value for all upscaie and downscale traverses. 
Report the mean of the 10 upscale and downscale test times. 

. 9.2.B Operational Test Period. During the 168-hour 
operational test period, the continuous monitoring system 
shall not require any corrective znaintenance, repair,-replace
ment, or adjustment other than that clearly specified as. 
required in the manufacturer's operation and maintenance 
manuals as routine and.expected during~ one-week period.
If the continuous monitoring system is operated wi-;hin the 
specified performance parameters and does not require 
corrective maintenance, repair, replacement, or adjustment 
other than as specified above during the 168-hour test period,
the operational test period shall have veen successfully 
concluded. Failure of the continuous monitoring system to 
meet these requirements shall call for a repetition of the 
168-hour test period. Portions of the tests which were satis
factorily completed need not be repeated. Failure to meet 
any performance specification(s) shall call for a repetition of 
the one-week operational test period and that specific portion 
of the tests required by paragraph 8 related to demonstrating 
compliance with the failed specification. All maintenance 
and adjustments required shall be recorded. Output readings 
shall be recorded before and a.fter all adjustments • 

._;. 10 References. 

10.1 •Experimental Statistics,• Department of Commerce, 
National Bureau of Standards Handbook 91, 1963 pp. 3-31, 
paragraphs 3-3.1.4. 

10.2 •Performance Specifications for Stationary-Source 
Monitoring Systems for Gases and Visible Emissions,• Environmental 
Protection Agency, Research Triangle Park, N.C., EPA-650/7-74-013, 
January 1974. 
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Zero Setting (See paragraph 8.2.1) Date of Test 

Span Setting 

- - - -

Date ~ero Reading
and (Before cleaning Zero Drift (after cleaning , zero 
Time and adjustment) ( Zero) adjustment but before span

adjustment) · 

. 

• 
-

Zero Orift • Mean Zero Drift* + CI (Zero) -
Calibration Drift • Mean Span Drift* + CI (Span) -

•Absolute value . 

Calibrate 
Drift 
( Span) 

-
-

. 
. 

-

Figura 1-3. Zero and Calibration Drift Test 
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Span Filter ________________ I 

Analyzer Span Setting_____________ I 
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l. 
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~igure 1-2. Response Time Test 
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PERFO~CE SPECIFICATION TEST 2 

Perfoniance Specification 2 - Performance specifications and 
specification test procedures for Monitors of so2 and NO· 
from stationary sources. x 

·•
1. Principle and Applicability. 

= l.l Principle. The concentration of sulfur dioxide or 
;oxides of nitrogen pollutants in stack emissions is measured 

by a continuously operating emission measurement system. 
Concurrent with operation of the continuous monitoring system, 
the pollutant concentrations are also measured with reference 
methods (Appendix. A). An average of the continuous monitoring 
system data is computed for each reference method testing period 
and compared to determine the relative accuracy of the continuous 
monitoring system. Other tests of the continuous monitoring 
isystem are also performed to determine calibration error, drift, 
and response characteristics of the system. 

1.2 Applicability. This perfo~ance specification is 
applicable to evaluation of continuous monitoring systems for 
measurement of nitrogen oxides or sulfur dioxide pollutants. 
Tests specifications contain test procedures, installation 

·requirements, and data computation procedures for evaluating the 
acceptability of the continuous monitoring systems. 

• 
2. Apparatus.

2.1 Calibration Gas Mixtures. Mixtures of known concentratio: 
of pollutant gas in a diluent gas shall be prepared. The pollutant 
gas shall be sulfur dioxide or the appropriate oxide(s) of 
nitrogen specified by paragraph 6 and within subparts. For 
sulfur dioxide gas mixtures, the diluent gas may be air or 
nitrogen. For nitric oxide (NO) gas mixtures, the 

• diluent gas shall be oxygen-free ( <l0ppm) nit::-ogen, and for 
nitrogen dioxide (N0 ) gas mixtures the diluent gas shall be 
air. Concentrations2of approximately SO percent and 90 percent
of span are required. The 90 percent gas mixture is used to set 
and to check the span and is referred to as the span gas. 

2.2 Zero Ga.s. A gas certified by the manufacturer to 
contain less than l ppm of the pollu~nt gas or ambient air 
may be used. 

2.3 Equipment for measurement of the pollutant gas concent
- ration using the reference method specified in the applicable 

.... standard. 

2.• Data Recorder. Analog chart recorder or other 
suitable device with input voltage range compatible with analyzer 
system output. The resolution of the recorder's data output shall 
be sufficient to allow completion of the test procedures 
within the specification. 

21 



C 

2.5 Continuous monitoring system for S02 or NOx pollutants 
as applicable. 

3. Definitions. 
3.1 Continuous Monitoring System. ~e total equipment 

required for the determination of a pollutant gas ·concentration 
in a source effluent. Continuous monitoring systems consist= of major subsystems as follows: 

3.1.l San;,ling Interface. That portion of an extractive 
continuous monitoring system that·performs one or more of the 
foloowing operations: acquisiilon, trans'DOrtation, and condit
ioning of. .a. smuple..of. th~ .source efflnent:or_ that .portion of 
an in-situ continuous monitoring system that protects the anal
yzer from the e.ffluent. 

3.1.2 Analyzer. That portion of the continuous monitorinq 
system.which senses the pollutant gas and generates a signal 
output that is a function of the pollutant concentration. 

3. l. 3 Data Recorder. That portion of the continuous 
monitoring system that provides a permanent record of the 
output signal in terms of concentration units. 

3.2 Span. The value of pollutant concentration at 
which the continuous monitoring system is set to produce the 
maximum data display output. The span shall be set at the 
concentration specified in each applicable subpart. 

3.3 Accuracy (Relative). 'l'he degree of correctness 
with which the continuous monitoring system yields the value 
of gas concentration-of a sample relati:ve ~o the value given. 
by a defined reference method. This accuracy is expressed 
in terms of error. which is the difference between the paired 
concentration measurements expressed as a percentage of the 
mean reference value. 

3.4 Calibration Error. The difference between the 
pollutant.concentration.indicated.by the continuous monitoring. 
system and the known concentration of the test gas mixture. 

3.5 Zero Drift. The change in the continuous monitoring 
system output over a stated period of time of normal continuous 
operation when the pollutant concentration at the time for the 
measurements is zero. 

3.6 calibration Drift. ~e change in the continuous 
monitoring system output over a stated ti.me period of normal 
continuous operations when the pollutant concentration at the 
time of the measurements is the same known upscale value. 

3.7 Response Time. The time interval from a step change 
in pollutant concentration at the imput to.the continuous -
monitoring system to the time at which 95 percent of the 
corresponding final value is reached as displayed on the continuous 
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monitoring system data recorder. 

3.8 Operational Period. A min.iJnum period of time over 
which a measurement system is expected to operate within 
certain performance specifications without unscheduled main
tenance, rep~, or adjustment. 

• 3.9 Stratification. A condition identified. by a difference 
in excess of 10 percent between the average concentration in 

= the duct or stack and the concentration at any point more 
- than 1.0 meter from the duct or stack wall. 

4. Installation Specifications. Pollutant continuous monitoring 
systems (so2 and NOx) shall be installed at a sampling
location where measurements can be made which are directly 
representative .(4 .l), or which can be corrected so as to 
be representative (4.2) of the total emissions from the affected 
facility. Confo:m.ance with this requirement shall be accomp
lished as follows: 

4.1 Effluent gases may be asst1Jlled to be nonstratified 
if a sampling location eight or more stack diameters (equivalent. 
diameters) downstream of IUJ.Y air in-leakage is s.elected • 

. This assumption and data correction procedures under paragraph 
4.2.1 may not be applied to sampling locations upstream of an 
air preheater in a stream generating facility under Subpart D 
of this part. For sampling locations where effluent gases

( are either demonstrated (4.3) or may be assumed to be 
nonstratified (eight diameters), a po.int (extractive systems) 
or path (in-situ systems) of average concentration may be 
monitored. 

4.2 For sampling locations where effluent gases cannot 
be assumed to be nonstratified (less than eight diameters) 
or have been shown under paragraph 4.3 to be stratified, 
results obtained must be consistently representative (e.g. 
a point of average concentration may shift with load changes) 
or the data generated by sampling at·a point (extractive
systems) or across a path (in-situ systems) must be corrected 
(4.2.1 and 4.2.2) so as to be representative of the total 
emissions from the affected facility. Conformance with this 
requirement may be accomplished in either of the following 
ways: 

4.2.1 Installation of a diluent continuous monitoring 
system (02 or co2 as applicable) in accordance with the procedures 

..:. under paragraph 4.2 of Performance Specification 3 of this 
appendix. If the pollutant and the diluent monitoring systems 
are not of the same type (both extractive or both in-situ), 
the extractive system must use a multipoint probe. 

4.2.2 Installation of extractive pollutant monitoring 
systems using multipoint sampling probes or in-situ pollutant

.monitoring systems that sample or view emissions which are' consistenUy representative of the total emissions for the entire 
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cross section. The Administrator may require data to be 
submitted to demonstrate that the emissions sampled or 
viewed are consistently representative for several typical 
facility process operating conditions• 

• 4.3 The owner or 9perator may perform a traverse to 
che.racteri:e any stratification of effluent gases that might= exist in a stack or duct. If no stratification is present,= sampling procedures under paragraph 4.1 may be applied even 
though the eight diameter criteria is not met. 

4.4-. When single point sampling probes for extractive 
systems are installed within the stack or duct under para
graphs ·4 .l ·and -·4·. 2·~1, the· sample 1DllY" not-~be- extracted· -at 
any point less than 1.0 meter from the stack or duct wall. 
Multipoint sampling probes installed under paragraph 4.2.2 
may_be located at any points necessary to obtain cons~stently 
representative samples. 

5. Continuous Monitoring System Performance Specifications. 
The·"t:onti.nuous monito::ing system ·shall meet- the per- · 

formance specifications in Table 2-1 to be considered acceptable
under this method. 

TABLE 2-l. PERFORMANCE SPECIFICATIONS -
Parameter Specification 

l. Aecuracr 

2. Calibration errorl -

3. Zero drift (2h) 1 

4. Zero drift (24h) l 

s. Calibration drift (2h) l 

6. Calibration drift (24h) l 

7. Response time 

8 • Operational period 
. 

•.Pi 

!_ 20 pct of the mean value of the 
reference method test data. 

( 5 pct of each (50 pct. 90 pct) 
-calibration gas mixture value. 

2 pct of span 

Do. 

Do. 

2.5 pet. · of span 

15 min maximum. 

16B h minimum 

1 Expressed as sum of absolute mean value plus 9~ pct confidence 
interval of a series of tests. 
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·- 6; Performance Specification Test Procedures. The following 
test procedures shall be requirenemts of paragraphs. For 
NOx analyzers that oxidize nitric oxide (NO) to nitrogen 
dioxide (NO2), the response time test under paragraph 6.3 
of this method shall be performed using nitric oxide (NO) 

c span gas. Other tests for Nox continuous monitoring systems
under paragraph 6.l and 6.2 and all tests for sulfur dioxide 

; systems shall be. perfol:lned using the pollutant span gas
specified by each subp&rt. 

6.1 Calibration Error Test Procedure. Set up arid 
calibrate the complete continuous monitoring system according 
to the manufacturer's written inst.ructions. This m2.y be 
accomplished either in the laboratory or in the field. 

6.1.1 Calibration Gas Analyses. Triplicate analyses 
of the gas mixtures shall be performed within two weeks 
prior to use using Reference Methods 6 for SO2 and 7 for 
NOx• Analyze each calibration gas mixture (SOI, 90\) and 
record the results on the exampl~ sheet shown in Figure 2-1. 
Each sample test result must be within 20 percent of the 
averaged result or the tests shall be repeated. This step 
may be omitted for non-extractive monitors where dynamic 
calibration gas mixtures are not used. (6.1.2). 

/ 6.1.2 Calibration Error Test Procedure. Make a total 
of 15 nonconsecutive measurements by alternately using zero- gas and each calibration gas mixture concentration (e.g., 
o,, SO\, o,, 901, SO\, 901, SOI, 01, etc.). For nonextractive 
continuous monitoring systems, this test procedure may be 
performed by using two or more calibration gas cells whose 
concentrations are certified by the manufacturer to be 
functionally equivalent to these gas concentrations. Convert 
the continuous monitoring system output readings to ppm and 
record the results on the example sheet shown in Figure 2-2. 

6.2 Field Test for Accuracy (Relative), Zero Drift, 
and Calibration Drift. Install and operate the continuous 
monitoring system in accordance with the manufacturer's 
written instructions and cravings as follows: 

6.2.1 Conditioning Period. Offset the zero setting at 
least 10 percent of the s~an so that negative zero drift 
can be quantified. Operate the system for an initial 168-hour 

__;. conditioning period in no_rmal operating manner. 

6.2.2 Operational Test Period. _Operate the continuous 
monitoring system for an additional 168-hour period
retaining the zero offset. The system shall monitor the source 
effluent at all times except when being zeroed, calibrated, 
or backfl.li.shed. 

-
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6.2.2.1 Fteld Test for Accuracy (See Appendix 0). -
6.2.2.2 Fleld Test for Zero Drift end Calfbretlon Drift. 

For extractfve systems, determfne the values given by zero 
end span gas pollutant concentrations et two-hour Intervals 
untll 15 sets of date ere obtained. For nonextractlve 
measurement systems, the zero value ~DY be determined by 
mechan1celly producing a zero condition that provides a 
system check of the analyzer Internal mirrors end all electronlc 
c~rcultry Including the radiation source and detector -assembly 
or by Inserting three or more callbratlon gas cells and computing 
t~e zero point from tho upscale measurements. If this latter 
ttchnlque Is used, a grephCs) must be retained by the owner 
or operator for each measurement system that shows the relation
ship between the upscale measurements and the zero point. The 
span of the system shall be checked by using a calibration gas 
cell certified by the manufacturer to be functlonally equivalent 
to 50 percent of span concentration. Record the zero and span 
measurements (or the computed zero drift) on the example data 
sheet shown In Figure 2-4. The two-hour periods over which 
measurements are conducted need not be consecutive but may not 
overlap. All measurements required under this paragraph may 
be conducted concurrent with tests under paragraph 6.2.2.1. 

6.2.2.3 Adjustments. Zero and calibration corrections 
and adjustments ere allowed only at 24 hour Intervals or at 
such shorter Intervals as the manufacturer's written Instructions 
specify. Automatic corrections made by the measurement system ---. 
without operator Intervention or Initiation ere allowable at 
any time. During the entire 168-hour operetlonel test period, 
record on the example sheet shown In Figure 2-5 the values given 
by zero end span gas pollutant concentrations before end after 
adjustment et 24-hour Intervals. 

6.3_ Fie Id Test for Response Time. 

6.3.1 Scope of Test. Use the entire continuous monitoring 
system es Installed, Including sample transport I Ines If used. 
Flowrates, llne diameters,· pumping rates, pressures (do not allow 
the pressurized calibration gas to change the normal operating 
pressure In the sample llne), etc., shall be at the nominal 
values for normal operation as specified In the manufacturer's 
written Instructions •.If the en~lyzer ls used to sample more 
than one pollutant source (stack), repeat this test for each 
sampling point. 

6.3.2 Response Time Test Procedure. Introduce zero gas Into 
the continuous monitoring system sampling Interface or as close to 
the sampling Interface as possible. When the system output 
reeding has stabilized, switch quickly to a known concentration 
of pollutant gas. Record the time from concentration switching 
to 95 percent of final stable response. For non-extractive 
monitors, the highest avalfable calibration gas concentration 
shell be switched Into and out of the sample path and response 
times recorded. Perform this test sequence three (3) times. -Record the results of each test on the example sheet s~own In 
Figure 2-6. 
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7. Calculations, Data Analysls and Reporting. 

7.1 Procedure for determination of mean values and- confJdence Intervals. 

7.1.1 The mean value of a data set Is calculated according 
to equation 2-1 • .. n-X • 1 I: 

= n I• I XI: Equation 2-t. 
wher-e: 

x1 • absolute value of the measurements 

L. • sum of the fndlvldual values 

X • mean value, and 

n • number of data points 

7.1.2 The 95 percent confidence Inter-val (two-sided) 
Is calculated ace~rdlng to equation 2-2: 

C. I. 95 • t.975 

-/n n-1 

Equation 2-2. 
f where: 

X1 • sum of al I data points 

• -t 1 - a/2, andt.975 

C!l.95 • 95 percent confidence Interval estimate of the average 
mean value. 

VALUES FOR• t. 975 

t.975" 2 12.706,- - - - - - - - - - 4.303 
4- - - - - - - - - - 3. 182,: : : : : : : : : : 2.776 
6 2.571,- - - - - - - - - - 2.447 

2.365e: : : : : : : : : : 
9 2.306 

2.262 
II 2.228 
10::::::::: 

._ -.. 
12 2.201 
13 2 .176 
14 _ _ _ _ _ _ _ _ _ 2. 160 
15 --------- 2.14516 2. 131 

The values In this table are already corrected tor n-1 degrees of 
freedom. Use In equal to the number of samples as data points. 

7.2 Data Analysis and Reporting 
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7.2.l Accuracy (See Appendix D). 

7.2.2 calibration Error. Osing the data from paragraph
6.1, subtract the measured pollutant concentration determined 

'under paragraph 6.1.l (Figure 2-1) from the value-shown by 
the continuous monitoring system for each of the five readings 

; at each concentration measured under 6.1.2 (Figure 2-2). 
Calculate the mean of these difference values and the 95 
percent confidence intervals according to equations 2-1 and 
202. Report the calibration error (the sum of the absolute 
value of the mean difference and the 95 percent confidence 
interval) as a percentage of. each respective calibration 
gas concentration. Ose example sheet shown in Figure 2-2. 

7.2.3 Zero Drift (2-hour). Osing the zero concentration 
values measured each two hours during the field test, calculate 
the differences between consecutive two-hour readings expressed 
in ppm. calculate the mean difference and the confidence 
interval using as the sum of the absolute mean value and the 
confidence interval as a percentage of span. Use example 
sheet shown in Figure 2-4. 

7.2.4 Zero Drift (24 Bour). Using the zero concentra~ion 
values measured every 24 hours during the field test, calculate 
the differences between the. zero point after zero adjustment 
and the zero value 24 hours later just prior to zero ad
justment. Calculate the mean value of these points and the 
confidence interval using equations 2-l and 2-2. Report the 
zero drift (the sum of t~e absolute mean and confidence 
interval) as a percentage of span. Use example sheet shown 
in Figure 2-5. • 

7.2.S Calibration Drift (2-hour). Using the calibration 
values obtained at two-hour intervals during the field test, 
calculate the differences between consecutive two-hour 
readings expressed as ppm. These values should be corrected 
for the corresponding zero drift during that two-hour period. 
Calculate the mean and confidence interval of these corrected 
difference values using equations 2-l and 2-2. Do not use the 
differences between non-consecutive readings. Report the 
calibration drift as the sum of the absolute mean and confidence 
interval as a percentage of span. Ose the example sheet shown 
in Figure 2-4. 

.... -
7.2.6 calibration Drift (24 hour). Using the calibration 

values measured every 24 hours dufing the field test, calculate 
the differences between the calibration concent;.ration reading 
after zero and calibration adjustment, and the calibration· 
concentration reading 24 hours later after zero adjustment 
but before calibration adjustment. Calculate the mean value --.. 
of these differences and the confidence interval using 
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- equations 2-1 and 2-2. Report the calibration drift (the sum 
of the absolute mean and confidence interval) as a percentage 
of span. Ose the example sheet shown in Figure 2-5. 

.. 7.2.7 Response Time. Osing_the charts from paragraph 
6.3, calculate the time interval from concentra":d.on switching 

= to 90 percent to the final stable value for all upscale and 
: downscale tests. Report the mean of the three upscale test 

times and the mean of the three downscale te~t times. The 
two average times should not differ by more than 15 percent of 
the slower ti::le. Report the slower time as the system 
response time. Ose the example sheet shown in Fi~e 2-6. 

7.2.8 Operational Test Period. During the 168-hour 
performance and operational test period, the continuous 
monitoring system shall not require any correcti~ maintenance 
repair, replacement, or adjustment other than that clearly 
specified as required in the operation and maintenance manuals 
as routine and expected during a one-week period. If the 
continuous..monitoring system operates within t.."le specified 
performance parameters and does not require corrective . 
maintenance, repair, replacement or adjustment other than 
as specified above during the 168 hour test period, the 
operational period will be successfully concluded. Failure of 
the continuous monitoring system to meet this requirement
shall call for a repetition of the 168-hour test period. 
Portions of the test which were satisfactorily completed 
need not be repeated. Failure.to meet any performance
specifications shall call for a repetition of the one-week 
performance test period and that portion of the testing which 
is related to the failed specification. All maintenance 
and adjust:nents-·required··shal.l·· be recorded;· · Output readings 
shall be recorded before and after all adjustments. 

s. ~ferences. 

8.1 •~nitoring Instrumentation for the Measurement 
of Sulfur Dioxide in Stationary Source Emissions,• Emvironmental 
Protection· Agency;· Research ·.Triangle -Park, ·N .c., F.ebrua.ry ~1973 •. 

8.2 •Instrumentation for the Determination of Hitrogen 
Oxides Content of Stationary Source Emissions,• Environmental 
Protection Agency, P.esearch Triangle Park, !-1. C. , Volume 2, 
AP'l'D-0942, January 1972. 

~ 8.3 •Experimental Statistics,• Department of Commerce, 
Handbook 91, 1963, pp. 3-31, paragraphs 3-3.1.4. 

8.4 •Performance Specificaitons for Stationary-Source 
Monitoring Systems for Gases and Visible Emissions,: Environ
mental Protection Agency, Research Triangle Park, N.C., 
EPA-650/2-74-013, January 1974. 
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C 

ate Reference Method Used 

: 

Mid-Range Calibration Gas Mixture 
Sample l _________;pm 

Sample 2 ppm 

Sample 3 pm 

1'rerage___________.ppm 

High-Range (s;ean) Calibration Gas Mixture 

&ample l ~ 

Sample 2 ppm 

Sample 3 J?P1D 
Average ppm 

rigure 2-1. Analysis of Calibration Gas Mixtures 

-._.. 
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Figure 2-3. Accuracy Determination (so2 and NOx) 

,J 
,J 

·,' Reference Metnod-Samnles ,, " " 
Date 502 NO NO NO NOx Analyzer 1-hour Dlfferenc 

Teat and Sample 1 Sampfe 1 Sampfe 2 Sampfe 3 Average Average (ppm)* (ppm)
No. Time (ppni) (ppm) (ppm) (ppm) (ppm) so2 NOx so2 NOX 

. 
1 

2 

3 

4 . • . 
5 . 
6 -
7 I· . 
8 I 

9 

Mean reference method Hean reference method Average of 

test valua (S02) test value (NO,t) the differences 

Mean differences**• ppm (S02),• ppm (NOx)• 

951 Confidence intervals••+ ppm (S02),• :!:_ r,pm (NOx)-
Accuracies• Hean difference (absolute value) + 951 confidence interval x 1oo•_l(S02),•_l(NOx)

Hean reference methoa value . 

• Explain and report method used to determine integratod averages. 
~• Meah differences• the average of the differences minus the mean reference method test value. 
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Figure 2--1. Zero and Colibratlon Drift (2 llour) 

Data Zero Span Calibration 
Sot Time 7.ero Drift Spnn Drift Drift 
flo. negin End Date Reading ( zero) noacllng ( Span) ( Sp,m-1.ero) 

)
4--------------------------------

5--------
G--------
7 

0 

9_________________________________________________ 

10________________________________________________ 

11 

12 
13 ------------------------------------------------______________________________________________ 

1-1 

_______+ CI (Zero) ________ ~Zero Drift • Hoa·n 7.ero Drift* Span X 100 • 

Calibration Drift a Mean Span Drift*____ .+ Cl (Span) _____ x Span x 100=. -------
*J\bsolute Value. 
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""A 

.
Date Zero 
and Zero Drift 
rrime Reading ( Zero) 

• 

Span Calibration 
needing Drift 

. (After zero adjustment) ( Span) 

Zero Drift• Hean Zero Drift* 

.. Instrument Span. 
Calibration Drift• Hean Span Drift* 

.- Instrument Span
• 

"Absolute Value 

+ C.I. (Zero) 

X 100 • . 
+ C.I. (Span) 

X 100 • • 

Figure 2-5. Zero and Calibration Drift (24 lfour) · 
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-------------
-----------

-----------
-----------
------------
----------

------------
---------

- Date of Test 
__________p,pmSpan Gas Concentration 

C __________ppmAnalyzer Span Setting 
: 

= 
l seconds 

Opscale 2 seconds 

3 -----------seconds 

Average upscale response seconds 

l seconds 

2 seconds 

3 seconds 

Average downscale response seconds 

Syste.m·average response time (slower time} • seconds-
I deviation from slower • average upscale minus average do~-nscale 
syst~~ average·response XlOO\=

slower ti.me • 

Figure 2-6: Response Time 

.... 

-
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--.._PERFORMANCE SPECIFICATION TEST 3 

Performance Specification 3 - Performance specifications 
and specification test procedures for monitors of co aiid 

C 202 from stationary sources. 

= l. Principle and Applicability.= l.l Principle. Effluent gases a.re continuously 
sampled and a.re analyzed for carbon dioxide or oxygen by a 
continuous monitoring system. Tests of the system a.re 
prefornied during a minimum operating period to determine 
zero dr_ift, calibration drift, and response ti.me character
istics. 

l.2 Applicability. 'rhis performance specification~ 
is applicable to evaluation of continuous monitoring 
systems for measurement of carbon dioxide or oxygen. 
These specifications contain test procedures, installation 
requirements, and data computation procedures for 
evaluating the acceptability of the continuous monitoring 
systems subject to approva.l by the ll.CO..... _. 
Sampling may include either extractive or non-extractive 
(in-situ) procedures. 

2. Apparatus. • -2.1 Continuous Monitoring System for Carbon Dioxide 
or Oxygen. 

2. 2 Calibration Gas Matures. Mixture of known 
concentrations of carbon dioxide or oxygen in nitrogen or 

.air. Midrange and 90 percent of span carbon dioxide or 
oxygen concentrations a.re required. The 90 percent of 
span gas mixture is to be used· to set and check the 
analyzer span and is referred to as span gas. For oxygen 
analyzers, if the span is higher than 21 percent o2 , ambient 
air may be used in ·place of the 90 percent of span calibration 
gas mixture. Triplicate analyses of the gas mixture (expect 
ambient air) shall be perfooned within two weeks prior to 
use using Reference Method 3 or this pa.rt. 

2.3 Zero Gas. A gas containing less than -100 ppm 
of carbon dioxide or oxygen. 

. ._.. 2. 4 Data Recorder. Analog chart recorder or other 
suitable device with imput voltage range compatible with 
analyzer system output. The resolution of the recorder's 
data. output shall be sufficient to allow completion of the 
test procedures within this specification. 
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3. Definitions.·- 3.l Continuous Monitoring Systen. The total equipment 
required for the determination of carbon dioxide or oxygen 
in a given source effluent. ~he system consists of three 
major subsystems:

• 
3.l.l Sampling Interface. That portion of the continuous 

: monitoring system that performs one or more of the following 
- operations: delineation, acquisition, transportation, and 

conditioning of a sample of the source effluent or protection 
of the analyzer from the hostile aspects of the sam;>le 
or source environment. 

3~1.2 Analyzer-;· -rhat· portion of•· the ·continuous ·· 
monitoring system which senses the pollutant gas and 
generates a signal output that is a function of the pollutant
concentration. 

3.1.3 Data Recorder. That port.ion of the continuous 
monitoring system that provides a permanent record of the 
output sign.al a te:ms of·concentraticn· units. 

. 3.2 Span. The value of oxygen or carbon dioxide 
concentration at vhic:h the continuous monitoring syst~ 
is set that produces the maximum data display output. 
For the purposes of this method, the span shall be set no 
less than l.5 to 2.5 ti.mes the normal carbon dioxide or 
normal oxygen concentration in the stack gas of the affected- facility. 

3.3 Midrange. The value of oxygen or carbon dioxide 
concentration that is representative of the normal conditions 
in the stack gas of the affected facility at typical operatinq 
rates. 

3.4 Zero Drif~. The change. in the continuous 
monitoring system output over a stated period of time of 
normal continuous operation when the carbon dioxide or 
oxygen concentration at the time for the measurements is 
zero. 

3.S Calibration Drift. The change in the continuous 
monitoring system output over a stated time period o! nor.nal 
continuous operation when the carbon dioxide or oxygen 
continuous monitoring system is measuring the concentration 
of span gas• .... 

3.6 Operational Test Period. A minimum period of 
time over which the continuous monitoring system is expected 
to operate within certain performance specifications
without unscheduled maintenance, repair, or adjustment. 

\ ..,____, 
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3.7 Response Time. '1'he time interval from a step 
change in concentration at the input to the continuous 

C 

monitoring system to the time at which 95 percent of the 
corresponding final value is displayed on the.continuous 
monitoring system data recorder. 

; 
4. Installation Specification. 

Oxygen or·carbon dioxide continuous monitoring 
systems shall be installed at a lopation where measurments 
are directly representative of the total effluent from the 
affected facility or representative of the same effluent 
sampled by a or NOx. continuous monitoring system.so1This requiremen'C. shall De complied with by use of applica.ble
requirements in Perfo:cmanee Specification 2 of this appendix 
as follows: 

4.1 Installation.of Oxygen or Carbon Dioxide Continuous 
Monitoring Systems Not Used to Convert Pollutant Dea. 
A sampling location shall be selected in accordance with the 
procedures under paragraphs 4.2.1 or 4.2.2, or Perfo::c:mance 
Specification 2 of this appendix. 

4.2 Installation of Oxygen er Carbon Dioxide Continuous 
Monitoring Systems Osed to Convert Pollutant Continuous 
Monitoring System Data to Onits of Applicable Standards. The 
diluent continuous monitoring system (oxygen or _carbon -. 
dioxide) shall be installed at a sampling location where 
measurements that can be made are representative of the 
effluent gases sampled by the· pollutant continuous monito~ing 
system(s). Conformance with this requirement may be 
plished in any of the following ways: 

accom

4.2.1 -rbe sampling location £or the diluent system 
shall be near the sampling location for the pollutant
continuous monitoring.system such that the same approximate 
point .(s) (extractive systems) or path (in-situ systems) in 
the cross section is sampled or viewed. 

..:.. 

4.2.2 The diluent and pollutant continuous monitoring 
systems may be installed at different locations if the 
effluent gases at both sampling locations are nonstratified 
as dete:cmined under paragraphs 4.1 or 4.3, Perfoonance 
Specification 2 of this appendix and there is no in-leakage 
occurring between the two sampling locations. If the 
effluent gases are stratified at either location, the 
procedures under paragraph 4.2.2, Performance Specification
2 of this appendix shall be used for installating continuous 
monitoring systems at that location. 

--
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5. Continuous Monitoring System Performance Specification. 
The continuous monitoring system shall meet the perfor·- mance specifications in Table 3-1 to be considered acceptable

under this method. 
C 

6. Performance Specification Test Procedures. 
The following test procedures shall be used to 

= dete:rmi.ne conformance with the requirements of paragraph 4.= Due to the wide variation existing in analizer designs and 
principles of operation, these procedures are not·applicable 
to all analyzers. Where this occurs, alternative. procedures, 
subject to the approval of the . APCO . , may be 

• employed. Any-such alternative .procedures ·must ·.£ulf.ill. 
the same purposes (verify response, drift, and accuracy) as 
the following procedures, and must clearly demonstrate con-
formance with specifications in table 2-l. · 

6.1 Calibration Check. Establish a calibration 
curve for the continuous monitoring system using zero, 
mid.ra.nge, .. and .span concentration qas.'mixtures. Verify 
that the resultant curve of analyzer reading compared 
with the calibration gas valae is consistent with the 
expected response curve as described by the analyzer manu
facturer. If the expected response curve is not produced, 
additional calibration ga.s measurements shall be made, 
or additional s~eps undertaken to verify the accuracy of( the response curve of the· analyzer. • 

6.2 Field Test for Zero Drift and Calibration Drift.- Install and operate the continuous monitoring system in 
accordance with the manufacturer's written instructions 
and drawings· ·as·-follows; · 

Table J-1. Performa,zice Specifications 

Parameter Specification 

l. Zero drift (2h)l 0.4 pct 02 or 
2. Zero drift (24h)I" - - - - - - - 0.5 pct 02 or 
3. calibration drift-(2hT1- - - - 0.4 pct o2 or 
"· calibration drift (24h)T - - - - 0.5 pct 02 or 
5. Operational period __ : : : : 168 h minimum 
6. Response time _______ _ 10 min. 

__.,. 

1Expressed as sum of absolute mean value plus 95 pet
confidence interval of a series of tests. 

39 

https://dete:rmi.ne


c 

.-..
6.2.l Conditioning Period. Offset the zero setting 

at least 10 percent of span so that negative zero drift 
may be quantified. Operate the continuous monitoring 
system for an initial 168-bour conditioning period in a 
normal operational manner. 

6.2.2 Operational Test Period. Operate the continuous 
m:>nitoring system for an additional 168 ?rour period 
maintaining the zero offset. The system shall monitor the 

; source effluent at all times except when being zeroed, 
calibrated, or backpurged. · 

6.2.3 Field Test for Zero Drift and Calibration Drift. 
Determine the values given by zero and midrange gas concen
trations at two-hour intervals until 15 sets of data are 
obtained. For non-extractive continuous monitoring systems, 
determine the zero value given by a mechanically·produced 
zero condition or by computing the zero value from upscale 
measurements using calibrated gas cells certified by the 
manufacturer. The midrange checks shall be performed by 
using certified calibration gas cells functionally equivalent 
to less than ~O percent of span. Record these readings on 
the example sheet shown in Figure 2-1. These two-hour 
periods need not be consecutive but may not overlap. 
In-situ CO2 of 02 analyzers which cannot be fitted with a 
calibration gas cell may be calibrated »y alternative 
procedures acceptable to the AP~ -• Zero and --
calibration corrections and adjustments are allowed only 
at 24-hour intervals or at such shorter intervals as the 
:manufacturer's written instructions specify. Automatic 
corrections made by the continuous monitoring system without 
operator intervention or initiation are allowable at any 
time. During the entire 168-hour test peric;,d, record 
the values given by zero and span gas concentrations before 
and after adjustment at 24 hour intervals in the example 
sheet shown in Figure 3-2. 

6.3 Field Test for Response ·Time. 

6.3.l Scope of Test. 
This test shall be accomplished using the continuous 

monitoring system as installed including sample transport 
lines if used. Flow rates, line diameters, pumping rates, 
pressures (do not-allow the pressurized calibration gas 
to change the normal operating pressure in the sample line),
etd., shall be at the nominal values for normal operation 

._.. as specified in t.ae manufacturer• s written instructions. 
If the anal}'%er is used to sample more than one· source 
(stack), this test shall be repeated for each sampling 
point. 
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6.3.2 Response Time Test Procedure 
Introduce zero gas into the continuous monitoring 

system sampling interface or as close to the sampling inter
face as possible. When the system output reading has 
stabilized, switch quickly to a known concentration of gas

C 
at 90 percent of span. Record the time from concentration 
switching to 95 percent of final stable response. After 

= the system response has stabilized at the upper lev~l,= switch quickly to a zero gas. :Record the time from concen
tration switching to 95 percent of final stable response. 
Alternatively, for nonextractive continuous monitoring 
systems, the highest available calibration gas concentration 
shall. be .switched .into. and out ·of the sample. path and .. response 
times recorded. Perform this test sequence three 
(3) times. For each test, record the results on t~ data 
sheet shown in Figure 3-3. 

7. C&lculations, Data Analysis, and Reporting. 

7.1 Procedure for determination of .mean values a.nd 
confidence. intervals. 

7.l.l The mean value of a data set is calculated 
according to equation 3-l. 

( i• 

· Equation 3-1 

where: 
Xi• absolute value- of the measurements, 

D • sum of the individual values, 

x • mean value4 and 

n • number of data points. 

7.2.l The 95 percent confidence interval (two-sided) 
is calculated according to equation 3-2: 

C.I. • t.97595 Vna:x12) - (!:X1)2
ny"n-l 

Equation 3-2.-.... where: 
1: X • sum of all data points, 

t.975 • ti - a/2, and 

C.I. 95•'95 percent confidence interval estimates of the 
average mean value. 
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Values for t.975 

n t.975 
2- - - - - - - - - - - - -- - - - - - - - -12. 706 
3- - - - - - - - - - - - - - - - - - - - 4 .303-.il!t 

4- - - - - - - - - - - - - - - - - - - -_ - 3 .1s·2 
s- ... - - - - - - - - - - - - - - - - - - 2.766 
,- - - - - - - - - - - - - - - - - - - - 2.571 

• ,- - - - - ... - - - -- - - - -- - - - - - - - - 2 .447. 
a- - - - - - - - - - - - - - - - - - - - 2. 3&5 

; 9- - - - - - - - - - - - - - - - - - - - - 2.306ltf _________________ ..., - 2.262 

u- - - - - - - - - - - - - - - •·• - - - - - 2.228 
12- - - - - - - - - - ... - - -. - - - - - - - 2.201 
13- - - - - - - - - - - - - . - - - - - - 2.l.79 
14- - - - - - - - - - - - - - - - -- - - - 2.160 
is- - - - - - - - - - - - - - - - - - - - -- 2.14s ________________ .., ___ _
16- - - - - - - - - - - - - - - - - - - - - 2.131 

'l'he values in this table are already corrected for n-1 
·degrees of freedom. Osen equal to the number of samples 
as data points. 

7.2 Data Analysis and. Reporting. 

7.2.l Zero Drift (2 hour). Osing the zero concentration 
values measured each two hours during the field test, 
CalC'\.1,late the differences between the consecutive two-hour 
readings expressed in ppm. calculate the mean difference 
and the confidence interval using equations 3-l and 3-2. 
Record the sum of the absolute mean value and the confidence 
interval on the data sheet shown in Figure 3-1. 

7.2.2 Zero Drilt (24 hour). tJsing the zero concent
ration values measured. every 24 hours during the field . 
test, calculate the difference between the zero point after 
zero adjustment and the zero value 24 hours.later just 
prior to zero adjustment. Calculate the mean value of 
these points and the confidence interval using equations 
3-1 and 3-2. Record the zero drift (the -sum of the . 
absolute mean and confidence interval) on the data sheet 
shown in Figure 3-2. 

7.2.3 Calibration .Drift (2 hour). Osing the calibration 
values obtained at two-hour intervals during the field test, 
calculate the differences between consecutive two-hour readings 
~ressed as ppm. These values should be corrected for the 

__ -.. corresponding zero drift during that two-hour period. cal
culate these corrected difference values using equations 3-1 
and. 3~2. Do not use the differences between non-consecutive 
readings. Record the sum of the absolute mean and confidence 
interval upon the data sheet shown in Figure 3-1. 

-
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7.2.4 calibration Drift (24 hours). Using the 
calibration values measured every 24 hours during the field 
test, calculate the differences between the calibration 
concentration reading after zero and calibration adjustment 
and the calibration concentration reading 24 hours later 

• after zero adjustment but before calibration adjustment. 
Calculate the mean value of these differences and t:he confidence 

= interva.l using equations 3-l and 3-2. Record the sum of the 
: absolute mean and confidence interval on the data sheet shown 

in Figure 3-2. 

7.2.5 Operational Test Period. During the 168-hour 
perfo:z:mance and operational test period, the continuous 
monitoruig · system shall.. not· receive. any. -cor:ective. maintenance, 
repair, replacem~t, o;- adjustment oth•r than that clearly 
specified as required in the manufacturer's written operation 
and maintenance manuals as routine and expected during a 
one-week period. If the continuous monitoring system operates 
within the specified performance parameters and does not 
require corrective maintenance, repair, replacement or adjustment 
other than.as.specified abov.e during the. 168-hour test pe:iod, 
the operational period will be successfully concluded. Failure 
of the continuous JDOnitoring system tlo meet this requirement 
shall call for a repetition·of the 168 hour test period. 
Portions of the test which were satisfactorily completed need 
not be repeated. Failure to meet any performance specifications 
shall call for a repetition of the one-week perfonnance test 
period and that portion of the testing which is related to the 
failed specification. All maintenance ant adjustments required- shall be ·recorded. output readings shall be recorded before 
a.nd after all adjustments. 

7.2.6 Response·Time. Using the·data developed under· 
paragraph 5.3, calculate the time interval from concentration 
switching to 95 percent to the final stable value for all 
upscale and downscale tests. Report the mean of the three 
upscale test times and the mean of the three downscale test 
times. The two average times should not differ by more than 
15 percent of the slower time. ·Report the slower time as 
the system ·response· time.-·· Record the··results on-Pigure-J-3. 

8. References. 

8.1 •Performance Specifications for Stationary Source 
Monitoring Systems for Gases and Visible Emissions•, Environ

.. mental Protection Agency, Research Triangle Park, N.c., 
EPA-650/2-74-013, January 1974. 

8.2 •Experimental Statistics,• Department of Commerce, 
National Bureau of Standards Handbook 91, 1963, pp. 3-31, 
paragraphs 3-3.l.4. 
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&~yu~u J-i. ~ero ana ~-A1orat1on ur1tt (2 hourJ 

Data Zero Span Calibration 
Set '1-ime Zero Drift · Span Drift! • Drift 
No Begin Bnd Date Reading ( Zero) R~pdd.ng ( Span) (Span-Zero) 

1 -
2 

3 

4 

s 
6 

A,,. 7 . -

a 
9 

Lo 

Ll 

1.2 

ll 

l4 

!LS 

Zero Drift• Mean Zero Drift*_________+ CI (Zero) _______ -
Calibration Drift• Mean Spnn Drift*_________ + DI (Span) -------------· 
* 1\bsolute Value. 

) ) ) 
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!Date 
Cand Zero 

!Time Reading 
= 

Zero Zero Calibration 
Drift Reading Drift 

( Zero) (After Zero adjustment) ( Span) 
-

Zero Drift• Mean 

-
Calibrat10.im-irt • 

"!' 

*Absolute Value 

-

. 

Zero Drift• + C.I.(Zero) 

• 

Mean Span Drift• +c. I. {Spa:1) 

. 

Fi;ure 3-2. Zero a.,d Calibration Drift (24 hour) 

-

-

. 

._.. 
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Date of Test 

Span Gas Concentration ~ 
C

1\naly:er Span Setting ;ppm 
= 
: l. seconds 

Upscale 2. seconds 

3. seconds 
\ 

Average upscale response seconds 

1. seconds 

Downscale 2. seconds 

3. seconds 

Average downscale response--------seconds 

-System average response time -(slower time) • seconds 

I deviation from slower. Average upscale minus average downscale x 1001 
system average response slower time 

-------------• 

. Pigure 3-3. Response 

-. 
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FIELD ACCUqACY TEST 
PRO CE DURE FOR CONT INUOUS E!-11 SS IC:J 1101l ITORS 

I. ~op Ii cab i _l_..!...!1. 

& I.I This procedure Is used to evaluate the accuracy of 
continuous mass emission monitorln~ systems for sulfur dioxide, 
nl~ogen oxides, carbon monoxide, carbon dioxide, oxv~en or any 
ott-rer gaseous compounds whose·monltorlng may be required by the Bay 
Area Air Oual ity Management District. Both the accuracy of the 
gas species concentration analvzer and the accuracv of the stack 
gas flow rate monitor are tested. 

2. Principle 

2.1 A (:ontlnuous gas samole, representative of at,.,ospheric 
emissions, is extracted from the source and conditioned to remove 
moisture and particulate material. A smal I portion of the conditioned 
sample is passed through a continuous analyzer sensitive to the 
species of interest. The average concentration of the specie determined 
over 90 minutes is compared with a similar reading determined 
by the continuous emission monitoring system. 

2.2 Carbon dioxide and carbon monoxide are analyzed bv 
non-dispersive infra-red spectoscopy (~DIR). Sulfur dioxide 
Is analyzed ~Y ultraviolet (UV) absorption soectroscopv. nxiccs of 
nitrogen arc analyzed as NO by che~i luminescent detection. Oxv~en 
is analyzed by galvanic measurement at a samole/fuel eel I interface. 

2.3 A pitot tube is used to measure the velocity pressure 
in the stack, from which the stack ~as volumetric flow rate is 
calculated. 

3. lnterferances 

3.1 The various analytical methods have potential 
interferences as described below. 

3.1. I Carbon dioxide - methanol, ethanol and water. 
(No i nterterences ezlst with the analyzer mentioned In 1.1. I) 

3.1.2 Carbon monoxide - evano~en, methyl azide 

3.1.3 Nitrogen oxides - other nitrogen compounds <except 
ammonia) 

··" 3 • I • 4 S u I f u r d i ox I de - e I em e n ta I s u I f u r , s u I f u r t r-1 ox i d c , 
carbon disulfide. 

3. 1.5 Oxygen - halogens and halogenated compounds. 
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3.2 If interferences ere enticipeted with the use of eny 
method herein, the Source Test Section of the BAAPCO should be 
consulted or else en elternete method(s) es described In MOP., 
Vol IJ, Source Test Polic~ jnd Procedures she I I be used. 

4. ~ampllng Ports end Fectllttes 

= I.I Sempl Ing ports end fecll tttes she I I be provide~ for 
pur.;,oses of field eccurecy tests of continuous monitoring systems 
eccording to the requirements of Sections 2.3 end 2.4 of "Source 
Test Pol icy" In Menuel of Procedures, Vol IV, Source Test Policy 
end Procedures. 

S. Apparatus 

S.I Instrumentation 

S.1.1 The anelyzars, by test species, are Indicated below. 

S.1.1.1 Cerbon dioxide - Use Infrared Industries Inc. 
lnfrered Ges Analyzer Model 703, or equivalent. 

S.1.1.2 Cerbon Monoxide - Use MSA Co. LIRA Model 202 
carbon monoxide enelyzer, or eq~tvelent. 

S.1.1.3 Oxides of nitrogen - Use Thermo Electron Corporation 
chemllumlnlscent Anelyzer Model IOA, or equlvelent. -

S.1.1.4 Sulfur dioxide - use E.I. DuPont de Nemours end Co. 
Photometric Analyzer Model 400, or equlvelent. 

S.1.1.S Oxygen - Use Teledyne Analytlcel Instruments Model 
326 Anelyzer, or equlvelent •. 

S.1.2 Potentlometrlc recorder - The recorder monitors end 
records the continuous output from the enelyzers. 

5.2 Semple conditioning, zero elr, end spen ges system.(Figure I) 

5.2.1 Meterlels end construction - Except es specified, ell 
velves, fittings, I Ines end other semple-contectlng surfaces shel I 
be Teflon or stainless steel. 

S.2.2 Semple probe - Use a boroslltcete gJess tube fitted et 
the downstream end withe tubing connector. The length of the probe 
shell be et least equal to the radius of the stack being tested. If 
stack temperature exceeds soooF., substitute quartz for the boro
stllcate tube. Other sample probes ere acceptable subject to prior 

approval by ~he Source Test Section. 

5.2.3 Moisture condensers -- Use modified Greenberg-Smith 
lmplngars with the Impaction plate removed end the Inlet tub~ shortened 
to 3 or 4 Inches. At least two condensers shell be connected In -series. Other condensers are acceptable If t~ey ere es efficient es 
lmplngers. 
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5.2.4 Ice bath - Immerse the condensers In an Ice bath 
during sampling. 

- 5.2.5 Particulate filter - Use a Baisten type 95 holder 
with grade B filter, or equivalent, In the sample system. 

5.2.6 Pumps - Use leak-free, Teflon-tined diaphragm pumps, 
Thomas Industries Model No. 908CAl8TFE, or equlvalent,· In the 
sample end zero air systems. The pumps msut have a free-flow 
C?peclty of at least 28 titers/min <1.0 CFM). 

5.2.7 Back pressure regulator - Use a back-pressure regulator 
to maintain sample and zero gas pressures to the analyzers at 5 pslg. 

5.3 Zero Air System (Figure I) 

5.3.1 This system provides clean dry atmospheric air for 
analyzer calibration. 

5.3.2 Gas scrubber - Use e bed of sl Ilea gel, Ascarlte 
<or soda-I lme>, and charcoal to remove moisture, carbon dioxide, 
and hydrocarbons from the zero air system. 

5.4 Span gas-cylinder of appropriate species with Inert 
balance at a concentration between 20% and 80% of full scale on 
the analyzer. The concentration shall be traceable to primary 
standards. 

( 
5.5 Velocity Measurement - Refer to Source Test Procedure 

ST-17, (M.O.P., Vol IV). 

6. Pre-Test Procedures 

6. I Instrument w·a rm-up - ti me s ha I I be per manufacturer's 
recommendation or until stability Is achieved. 

• 
6.2 Leak Test - The sempl Ing system shell be leak-test~d 

by turning on the sample pump, plugging the probe end ascertaining 
that the sample pressure to the ~nalyzer falls to zero. Other leek 
tests ere acceptable subject to prior approval by the Source Test 
Section. 

6.3 Calibration, Zero - Zero air she! I be Introduced at the 
manufacturer's recommended flow rate, end the analyzer shall be 
zero-edJasted, except the oxygen analyzer she I I be adjusted to 
read 20.9%. 

·~ 6.4 Calibration, Span - Span gas shall be Introduced et the 
rate In 6.3, end the analyzer span shell be eccordlngly adjusted 
(except the oxygen analyzer.) 

'-" 
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-.
6.5 Concentration Traverse - The stack she I I be traversed 

with the probe~~ deTermine whether the concentration of env of 
the species of interest Is red Iel ly verlent. The probe shzil I 
be positioned et epproxlmetely 1/5, 2/5, 3/5, 4/5 zind 5/5 of 
the stzick diameter, long enough et each point to record zi representzitive 
measure of the concentration of eech test species. If the concentration 
of eny test species varies et any single point by over 10% of the 
ev~rege over el I points, the stack shall be traversed during sempl ing 
ec~ordlng to peregraph 7.2. 

7. }empllng_ 

7.1 Sampling shell be done continuously fore 90 minute 
period. The enelyzer(s) shzill be zero end span-checked zit the 
beginning and end of the test period eccordlng to paragraphs 
6.3 end 6.4. · · 

7.2 If steck traversing ts necessary (see peregreph 6.5>, 
the traverse points shel I be es specified in Source Test Procedure 
ST-IS CM.O.P., Vol. IV). Eech traverse point shell be sampled for 
en eque·I I ength of ff me. 

7.3 The continuous emission monitor shell not be adjusted 
during the test period. 

8. ~uxiliery Tests 

8.1 Weter Vapor - The moisture content of the stzick ges 
shzil I be measured o·nc:e· during the field eccurecy test period 
according to Source Test Procedure ST-23 CH.O.P., Vol. IV) 
unless It Is rel lebly known by other means. 

8.2 Steck Ges Flowr~te - The flow rete shell be determined 
eccordlng to-Source Test Procedure ST-17 once during the 
test period. The exect time Intervals during which the stack 
velocity pressure Is measured shell be recorded on the steck flow 
rate monitor chert. 

9. Celculettons Ceech test period) 

9.1 The calculetlons herein assume thet the stack monitors 
report date et ectuel steck (wet) conditions. 

9.2 The tlme-evereged (dry besls) test concentretlon of 
eech species, Cr, she I I be computed. 

9.3 Th~ steck gas water vapor content, HCJ>, shell be 
co~puted es In Source Test Procedure ST-23. 

9.4 The test stenderd dry steck ges flowrete, Q , shell 
be computed es In Source Test Procedure ST-17. 

0 

9.5 The tlme-evereged concentration Cectuel besls) of eech 
species es measured by the continuous monltor<s>, C~, shell be 
computed. -

9.6 The ev~rege monitor concentretl60Cs> she I I be changed 
toe dry basis es: 

,o . 
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.. C:1 x I 00C\1 
100 - H - 9,7 The actual stack gas flow rate as reported by the 

monitor at the time of the velocity pressure test shal I be corrected 
to standard dry conditions as 

C 

O'M • OM x 530°R x P x 100 
29,92 In, Hg x T x (100 - H)

= 
= where: Q1 • actual stack gas flow rate as reported by•1 

monitor, CFM. 

P • stack stat I c pressure , I n ch es of Hg • ( abs > 

T • stack temperature, 0 R. 

10. Rep()rtin~ 

10.1 The data Indicated in Table I shal I be reported for 
each test period and as the average of the test periods. 

(. 
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- TABLE l - Field Accuracy Reporting Data 

Fir1n Name and Address: 

FiJ:m Represe_ntative and Title: 

Source: 

Testing Fir1n and Personnel: 

Test Cate: 

Test Tir.ies: Ru..~ A RunB Run C 

Test· Method used on eac:..~ component Tested: 

f 
Summary o! Field Accuracy Results: 

Flowrate, soc..~ 

Water Conten~ 

S02, P?M (c.-y) 

S02, lb/hr. 

NOx, ppm (<!:y) 

NOx (as !-102) 

CO2, \ (d...ry) 

02, \ (dry) 

. Tes t Metho d Resu l ts I Source Monito= ?.esul ts 
Run A Avg..Run CRu."l B Run A Run Run C IA'Bl 

\ • 

lb/hr. 

I 
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AIP. 
□ AY /\REA 

QUALITY 'lAN/\GEr'F.NT OISTRICT 

!~ONTHLY CONTINUOUS El~ISSION ~1(Hl1Tn~1:u: P.F.POP.T 

COMPANY: SOURCE: 

MONTH: POLLUTANT: 

bAY 

., 
3 
4 
5 

EMISSION DATA 

AV~RAGE 24Hr~ 
CONCENTRATION,ppm 

l-41NIMUM I Hr. 
CONCENTRATION,ppm 

0/\ IL Y 1-1AS S 
EMISSION, TONS 

EMISSION BASED ON 
PRO OU CT I ON" 

I 6 
i 7 
hiai-t-------+-----4-------L------ -

c; 
10 
I I 
12 
131--:1~~:---"f----------+----------+----------+----------
I~ 

I I Ci 
I 7 
18 
19 
?O 
21 
22 
23 
24 
25 
26 

_£=-7--t·---------1
28 ------------1-- -------·· 
29l:_Jf3of~+----_-_-:_-_-_-_-:_-_-_-_-:_-_-_-_+t-!-:_-:_-:_-:_-:_-:_-:_-:_-:_-:_:_:_:_:_:_:_:_:_:_~.J..~----====J- . -_-:_:_:_:_-:_-=._·. -= 
,, I --------+---------_J 
•For"Sulfuric Acid plants and Sulfur Rocovorv Units use pounds per short 
ton of production based on a dallv average. This date rcouiromcnt is 
n O t Z1 P p I i C Z1 b I e t O Oth e r- SOU r Ce S Or th OS e· Cr., i S S 1 0 n p O I n t S SC r V i n C'I 

multiple sources. 
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11. STATEtiENT OF EXCESS EMISSIONS 
(Ne~atlve declaration Required, Including Opacity) 

l)ATE TI t-tE DURATION 

... 
-

= 
= 

MAGNITUDE REf~ARY.S 

: 

~I I. MONITOR MALFUNCTION 

( 

CATE TI t.;E DURATION PROBLE~/CORRECTIVE ACTION 

. 

-
··"" 

Signature and Dato 
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l. GROUND LEVEL MONITORING FOR SULFUR DIOXIDE AND HYDROGEN
SULFIDE · 

REF: Regs. l-510- 9-1-501, 9-1-604' 
9-2-501, 9-2-601 

l.l General. Thia section outl1nes the proce~es to• 
be used tor atmospheric sampling ot·hydrogen sulfide and= 

: 
ault'ur di.oxide.concentrations in order to tultill 

requirements ot Regulation 9-1-110.2 and Regulation 9-2-301. 

l.2 Instrumentation. When required under Regulation 

9-1-501.: ~r aegulation 9~2-501, the person responsible 

tor emissions shall provide recording instrumentation at 

not leas than three sites chosen to monitor the ambient 

air in the area surrounding the emission source and one 

aeteorologics.J. station to record Wind speed and direction. 

( Additional instruments may be required in specific cases 

- where necessary t~ meet the intent of the appropriate 

section. The instruments must be sutticient 1n number 

to give reasonab~e assurance that any ground level limits 

exceeding t·hose permitted will be detected. All analytical 

instrumentation must be capable of detecting ground level 

concentrations which exceed the allowable 11.mits. All 

instrumentation shall be continuous and equipped With a 

strip chart recorder. 

l.2.1 Sultur Dioxide Instrument Specifications. The 
.... -

instruments shall be ot a type which.Will continuously 

detect and record minute-by-minute fluctuations of 

concentrations ot aul.1'ur dioxide in th~ range from 

0.01 ppm (vol) to 1.00 ppm (vol). 
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1.2.2 Hydrogen Sulfide Instrument Specifications. The 

recording instruments shall be of a type which will 

continuously detect and record minute-by-minute fluctua

tions of concentrations or H2S in the range fro~ 0.01 ppm 

(vol) to 0.10 ppm ·(vol), or to 0.20 ppm (vol).= 

1.2.3 Meteorological Instrument Specifications. Meteoro

logica.l instruments she.ll be capable of continuously 

measuring and recording wind direction to within ten 

degrees ot arc, a.nd wind speed to within one mile per hour 

(mph) at wind speeds less than 25 mph and with a threshold 

no greater than 3 mph. The width of the wind recording 

charts shall be adequate to determine the wind components 

as specified .. 

1.3 Siting. The instruments shall be installed and 

operated 1n locations which adequately represent ma.ximum 

ground level concentrations ot the measured air pollutants. 

Sites will be chosen to intercept most :frequent ground 

level max:1mum concentrations, but in conformance with 

Regulation 1-52.0. Proper siting will be taken to require 

ths.t a preponderant downwind exposure over_the calendar 

year be accumulated by the instruments of a given network, 

during their hours or operation. Ibwnwind exposure exists 

when the mean Wind direction lies 1n the arc within 22.5 
..... 

degrees of a direct line from source to monitor. The 

effective source height and the preva.lent stability class 

associated Wilth the most frequent wind directions are used 

to calculate the most probable distances for ma.x1mum 
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ground level concentrations. A station may be placed 

- at or within the property line if the location is otherwise 

acceptable and provi~ed that the person responsible for 

the stations agrees 1n writing that such locati~n shall, 

for the purposes of District requirements, be deemed to= 
: 

be off the property from which the emissions occur. 

The wind measuring site (or sites) shall be located at the 

source or with the ground level monitors. In either case, 

they must be high enough and openly exposed so as to be 

tree of interrerence from builcU.ngs, trees, or local 

terrain. Final approval of the siting of ground level 

monitors and meteorological instrumentation shall be 

with the APCO. 

1.4 Ma.intenance. Regulation 1-510 requires that the ·- person responsible tor monitoring provide care and main

tenance in order to assure that the instruments !'unction 

properly and accurately measure ground level concentrations. 

A record ot consistent instrument downtime may be considered 

:failure to meet this requirement. The APCO may require 

submission ot maintenance records. 

1.5 Calibration. Regulation 1-510 requires that the 

person responsible tor monitoring perform periodic calibra-

__;.. tiona to assure that the instruments provide acceptable 

monitoring ot ground level concentrations. Addi~ionally, 

a field calibration aha.11 be performed after a.ny relocation 

of an analyzer or major repair work. For sult'Ur dioxide the 
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-reference method for calibration is specified in Section 

1.5.6 of this volume; for hydrogen sulfide, in Section 

1.5.7. 

As a quality assurance measure, District personnel will 
= - periodically inspect sites, and may perform calibration 

audits on the ground level monitors to determine accuracy. 

Accuracy of a calibration is expressed as the deviation 

between the analyzer response obt&ined under test conditions 

and the results ot the reference procedure when samples of 
I 

the s8.llle test gas are taken at approximately the same time. 

Deviation is calculated as a percent of the reference 

results. 

Analyzer value - Reference value 
~Deviation• X 100 --. 

Reference value 

'l'he acceptable limit for su1!'ur dioxide analyzer cali

brations is± 10~ deviation. 'l'he acceptable limit for. 

hydrogen sulfide analyzer calibrations is+ 15% deviation.-
A record of unacceptable calibrations will be considered 

failure to meet the requirement. 'l'he APCO may require 

submission of calib·ration records. 

1.5.1 Dynamic Calibration Procedure. A dynamic calibration 

is a performance test of the entire analyzer system under 
__... 

simnlated operating conditions. The analyzer system 

inclu~es the ana.lyzer; recorder and/or data transmission 

system, and the sampling system with its sample lines and -sample filters. 
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The procedure is to allow the analyzer system to sample 

- a zero air to establish an analyzer zero response 

.._ 

(baseline) and to sample test-gas mixtures of known 

concentration trom a c&libration gas system (see Fig. 1) · 
C 

to establish an upscale ~esponse. A test-gas mixture 
= 

with concentration approximately equal to midscale of the 

analyzer range should be used. The reference methods 

SUl.tur Dioxide Analytical Precedure 1.5.6, ~drogen SU.lfide 

Analytical Procedure 1.5.7 contained in this volume are 

used to verity test-gas concentrations. 

The test-gas concentration and the analyzer response are 

used 1n the formula in callbration 1.5 to determine the 

percent deviation. The analyzer response is the net 

reading derived by subtracting the zero response (baseline) 

from response.to the test gas. The analyzer should be 

corrected to make its response conform to_ the known test

gas concentration. A:t"ter adjustments are made, it is 

necessary to repeat the sampling process to reestablish 

both the zert> and upscale a.nalyzer responses. Linearity 

and low level response are determined by varying the 

diluent air calibration gas ratios to provide test gas 

concentrations throughout the entire range of the analyzer. 

1.5.2 Zero (Diluent) Air. Zero air is used to establish 
._.. a baseline point ot reference and as a diluent in prepara

tion ot test gas mixtures. This air must be free or any 

substances which can alter the test gas mixtures or can 

5 
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attect the analyzer response or the reference method. Zero 

&ir can be obtained in pressurized gas cylinders or by 

properly tiltering and drying air obtained With an air pump • 

• 1.5.3 Calibration Gas System. A calibration gas system 
= 
: consists ot a source of diluent air, a source of calibra

tion gas, a mixing chamber and a delivery ma.nifold from 

which analyzers and reference sampling trains can sample 

the test gas. The test gas is prepared by thoroughly 

m:1.xing the c&11brat1on gas and diluent air 1n various 

known proportions. The calibration gas can be obtained 

from a permeation device or from a pressurized cylinder 

containing a suitable concentration ot the calibration gas. 

The calibration gas system should be positioned as close 
\
/ 

as is practical to the analyzer and reference sampling- apparatus to minimize losses. Sample lines, now metering 

devices, mixing chambers, all other parts of the calibration 

system, as well as the analy:er system should be or 

materials which will not affect the test gas concentration. 

All components uaed 1n the calibration procedure should 

be allowed sufficient time to stabilize before reference 

samples are taken and before analyzer response is determined. 

Pressurized Gas standards . . ·-· .. 

._.. Qas standards in pressurized cylinders can be used as a 

gas source to be diluted 1n a calibration gas system or 

used directly when the concentration is within the operating 

range of the analyzer. Cylinders can be prepared in the 

6 



laboratory or obtained commercially in various concentra

tions with or without analysis based on reference methods. 

Such gas standards should be restandardiz:ed against the 

reference method at a minimum of' once every six months. 

Reference samples must be taken each time if a nonstandardized 
= 

gas source is used in the performs.nee of an instrument 

ce.1ibrat1on. 

PP-rmeation Device 

A penaeation device, based on the dif'f'usion of' a gas through 

a plastic membrane, can be used as a gas source in a 

calibration gas system. The dif't'Usion rate is a t'Unction of 

temperature and therefore constant temperature must be 

maintained throughout the calibration. Permeation devices -are available commercially With or without analysis based 

on the reference method. Certified permeation devices 

should be ste.ndardized grav1metr1cally or against the 

accepted reference method at a minimum or once every six 

months. Reference samples must be taken each time if' a 

nonstandardized permeation device is used• 

. 
Precautions to be taken with permeation devices include: 

a. Storage or the device in a dry nitrogen atmosphere, 

preferably between 20 to 25°c. 

b. Use of' a dry, analyte-f'ree carrier gas • 
..... 

c. Hanclling of' a permeation device only in a well 

vented atmosphere. 

d. Allowance of a minimum or 24 hours for f!. per

meation to establish temperature equilibrium before use. 
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1.5.4 Calculations. 

a. Conversion Factors 

µg S02 
• µl S02 .. 2.6 µg/"1,1 

= 
= µg ~s 

• µl HeS 
1.4 µg/µl 

b. 'l'o calcul.ate parts per million concentration 

from the known emission rate ot a permeation device, 

use the following equation: 
p 

PPM • 
Qd 

Where: P • permeation rate in µl/minute 

Qd • rate of diluent in liters/minute 

c. To calculate parts per million concentration 

when using a pressurized gas standard1 use the 

following equation: 
X CPPM • 

Where: Fo • diluent air now 1n ml/minute 

F]. • calibration gas now in ml/minute 

C • concentration of calibration gas in ppm 

1.5.5 Calibration Becords. Calibration records shall 

- be maintained contun:ing the information necessary to.... 
determine test gas concentrations and to determine the 

percent deviation or an analyzer's response to known 

test-gas concentrations.
/ 
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1.5.6 Sulfur Dioxide Reference Procedure 

Principle 

The method is based on the absorption of sulfur dioxide 

contained 1n a dilute calibration stream by a solution 

of sodium tetrachloromercurate (TCM). A stable complex 
= 

is formed, which is then reacted with formaldehyde 

pararosaniline resulting is a colored pararosaniline 

derivative. The optical density, spectrophotometrically, 

is proportional to the a.mount of su.1fur dioxide initially 

absorbed. 

Reagents 

l. Absorbing Solution {TCM) 

Dissolve 27.2 g of mercuric chloride and 11.7 g of 

sodium chloride in distilled water and dilute to -
l liter. The absorbing reagent is stable for 6 

months. 

2. Pararosa.niline Hydrochloride Solution 

Dissolve 0.15 g of pararosa.nillne in l liter of 

distilled water c~-=--·:: :'..'."l:!.ng 81 mi of concentrated 
I 

hydrochloric acid. Mix well and allow to stand for· 

two days before using. A new standard curve should 

be prepared for each new batch. This reagent is 

stable tor 6 months. 

3. Formaldehyde Solution 0.2" 
-._.... Dilute 0.5 ml ot 37~ formaldehyde solution to 100 ml 

with distilled water. This solution should be pre

pared prior to use. 

. 9 



A_pl)aratus 

1. Midget impingers,-such as Ace Glass ·Inc. Cat. No 7531. 

2. Air pump w1th tlow control and w1th a minimum 

capacity ot 2 liters per minute through a midget
• 

1mp1nger. 
= 
= 3. Spectrophotometer, suitable tor measurement 

at 56o ± 25 ma. 

4. Flowmeter, Oto 2 liter per minute range. 

5. Stopwatch. 

Sam:t>le Collection ........ . -··--· 
l. Preset the air pump to a nowrate ot approxi

mately l liter per minute. Prepare the sampling 

train by connecting the nowmeter to the sample 

manifold (Fig. 1, 1.5.3). 

2. Pipet 10.0 ml ot absorbing solution into a 

midget 1mpinger. Connect the 1mp1nger to the 

tlowmeter, and attach the air pump to the exit tube 

ot the 1mp1nger. 

3. When the calibration stream is stable and at the 

desired concentration level, start the air pump and 

the stopwatch. Immediately make the minor adjust

ment for a desired tlow rate ot 1.0 liter/min. and

maintain flow tor a time interval sufficient to 

collect trom 5 to 13 pg ot S02. For stream concen
..... trations approaching or greater than 1.0 ppm, a 

now rate ot 0.5 liter per minute may be used. 

10 



4. Take at least two samples for each calibration 

point. 

Analysis 

c l. To the contents or each 1mpinger add l~O ml of 

= 0.2~ ~ormaldehyde solution and 1.0 ml or pararo
= 

saniline hydrochloride solution. Thoroughly mix 

and allow 30 minutes for color development. 

2. Prepare a 10.0 ml reagent blank in the same manner 

as the collected samples. -

3. With the spectrophotometer at 560 nm, set the 

reagent blank at 100% transmission_. 

4. Read the~ transmission of each sample and from 

a standard curve, obtain the total micrograms of 

s02 collected. 

Preparatio~ of Stand~rd Curve 

1. Dissolve 0.4ooo g of sodium meta bisulfite 

(Assay 65.5~ as so2 ) in distilled water and bring 

to l liter in a 1 liter volumetric flask. This 

yields a solution or approximately 260 µg of s02/ml. 

2. standarclize using standard solutions or iodine 

and thiosulfate (Ref. 2). 

3. Ma.lee proper dilutions w1th 'l'CM absorbing solution 

to obtain a working standard contaim.ng 2.6 µg so2 
per ml • 

. _... 
4. Add respectively o, 1.0, 2.0, 3.0, 4.o, and 5.0 ml 

of the working standard to. a series or graduated 

test tubes. Add sufficient volumes of absorbing 

solution to make 10.0 ml of total volume. 

11 
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5. Develop color as described above in the 

Analysis Section. 

6. P1ot ; transmission vs. micrograms S02 on 

semi-logarithmic graph paper to obtain the standard.. 
curve. = 

: 

"g S02 From Standard Curve 

.... 

Sample Vol. (in liters) x 2.6 

Reterences 

1. West, P., Ge.eke, Anal. Chem. 28, 1816-19, 1956. 

2. Xoltbo:t't and Sandell, Textbook ot Quantitative 

Inorganic Analysis, Thi.rd Edition, 1952, MacM1ll.&n Co. 

1.5.7 ~drogen Sulfide Reference Procedure 

Princi_ple 

The method is based on the ~bsorption of hydrogen sulfide, 

contained in a dilute calibration stream, by a suspension 

o:t' cadmium hydroxide and arabino galactan. The formed 

cadmium sulfide 1s then reacted With N-N D.1.methyl-P-. 

phenylenediamine dihydrochloride and terric chloride to 

make methylene blue. The methylene blue formed, propor

tional to the hydrogen sulfide absorbed, is measured 

spectrophotometrically. 

B!!&j!ienta 

l. Absorbing Solution 

Dissolve 2.7 got &nhyd.rcus cadmium sulfate and 10 g 

ot arabino galactan 1n approximately 500 ml ot 

12 



distilled water. Dissolve 0.3 g of sodium hydroxide 

in approximately 100 ml distilled water. Mix the 

two solutions slowly while stirring. Add distilled 

water to make 1 liter or absorbing solution. The 

absorbing solution is stable for 3 months. 

2. Test Amine Solution 

Dissolve 0.375 g of N-N dimethyl-P-phenylenedia.mne 

dihydrochloride in 100 ml of 1:1 (v/v) sulfuric acid. 

The solution is stable for 6 months. 

3. Ferric Chloride Solution 

Dissolve lOOg of ·Fec13.6 H20 in sufficient water to 

ma.ke 100 ml of solution. The solution is stable for 

6 months. 

A_pparatus 

1. Midget impingers,such as Ace Glass Inc. Cat. No. 7531. 

2. Air pump w1th flow control and w1th a mini.mum 

capacity of 2 liters per minute through a midget 

impinger. 

3. Spectrophotometer, suitable for measurement 

at 670 + 25 nm·.-
4. Flowmeter, Oto 2 liter per minute range. 

5. stopwatch. 

Se.m_ple Collection 

l. Preset the air pump to a flowrate or approxi

mately 1 11ter per minute. Prepare the sampling 

tra.in by connecting the flowmeter to the sample 

manifold (Fig. 1, 1.5.3). 

13 



2. Pipet 10. 0 ml of thoroughly shaken absorbing 

- solution into a midget 1.mpinger. CoMect the impinger 

to the tlowmeter and attach the air pump to the exit 

·• 
tube ot the 1.mpinger. 

3. When the c&l.1.bration stream is stable and at the 
•:: desired concentration level, start the air pump 

and the stopwatch. Immediately make the minor 

adJustment tor a desired now rate ot 0.1 liter/min. 

and maintain :t'low tor a time interval sufficient to 

collect trom 3 to 8 µg ot ~s. 
4. Take at least two samples tor each calibration 

point. 

Ac.&l;ysis 

1. Add consecutively 0.3 ml ot test amine solution, 
( and one drop of ferric chloride solution to the 

- contents of each 1.mpinger. Thor.oughly mix to insure 

that the precipitate has been dissolved, and allow 

30 minutes for color development. 

2. Prepare a 10.0 ml reagent blank in the same manner 

as the samples. 

3. With the spectrophotometer set at 670 nm, set 

the reagent blank at 100,; T. 

4. Read the,; transmission ot each sample and from 

a standard curve, obtain the total micrograms ot 
-__., 

~S collected. 

~tmara~i~ri__o~ S~an?-rd _Qµ~~ 

1. Dry a crystal ot Na2S. 9 H20 w1th clean absorbent 

paper and break into small pieces. 

14 
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2. Dissolve 0.71 g of sodium sulfide in distilled 

water and bring to 1 liter in a 1 liter volumetric 

flask. This yields a solution containing approxi

mately 100 µg ~s per ml.C: 

3. Standardize immediately prior to use, using= 

standard solutions of iodine and thiosulrate (Ref. 3). 

4. Make proper dilutions with distilled water so as 

to obtain a working standard solution containing 

about 10 µ g H2S per ml. 

5•.Add respectively o, 0.2, o.4, o.6, o.8, and 1.0 ml 
I 

of the H2S working standard to a series of graduated 

test tubes. Add sufficient volumes of absorbing 

solution to make 10.0 ml of total volume. 

6. Develop color as described above in the Analysis -, 
Section. 

7. Plot~ transmission vs. micrograms H2S on semi

logarithmic paper to obtain the standard curve. 

Calculations • 
1,1.g H2S From standard Curve x 10~ 

Sa.mple Vol. {liters) x 1.4 

References 

1. Jacobs, et al, Anal. Chem.~' 1349, 1957 

2. Bamesberger, Adams Environ. Sci. and Tech. 3, 

258-61 (1969) 
._.... 

3. Kolthof'f and Sandell, Textbook or Quantitative 

Inorganic Analysis, Third Edition, 1952, MacMillan Co. 

-
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1.6 Reporting. Data recorded by the required instrumen

tation shall be exam1n~d at least once every seven days 

to determine whether the allowable limits have been exceeded, 

• and to determine whether the instrumentation has operated 

= properly. Instrument downtime exceeding a continuous 24 
= 

hour period and recorded data exceeding allowable limits 

shall be reported to the APCO Within the next mormal working 

day following ~'TI!m1nat1on. 

A summary ot data obtained during each calendar month shall 

be submitted to the APCO Within 30 days following the end 

ot the month. The summary shall include excesses over 

allowable 11m1ts, mass emission rate trom sources, and 

notations tor instrument downtime or other loss of data. 
(. 
\ 

'-,..· 

.... -
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2. ATMOSPHERIC . SAMPLING OF GROUND ~...I, LEAD CONCENTRATIONS 

REF: Regs. l-510, 11-1-501, 
11-1-662 to 11-1-603 

2.1 General. This section outlines the procedures to be 

used tor calculation of mass emission limits and tor 
= = atmospheric sa.mp11ng of ground level l~ad concentrations 

in order to tul!ill requirements of Regulations 11-1-302 and 
11-1-303. 

2.2 Mass Emission Limitations. Emission limitations 

required to meet Regulation 11-1-302 shall be determined 

by use of formulas 4.1 and 5.13, and figures 3-3 and 3-9, 

in "Workbook of Atmospheric Dispersion Estimates," by 

D. Bruce Turner, Public Health Service Publication No. 

999-AP-26, Revised 1969, pub_lished by the U•.s. Department 

of Health, Education and Welfare. In using said equations 

and figures, a neutral or "D" stability category.shall be 

assumed, a ·w1nd shall be assumed that remains throughout 

the averaging period directed withi.n a 22.50 sector of the 

compass rose at an average speed of two meters per second, 

and an ambient air temperature of 293°K shall be assumed. 

2.3 Instrumentation. The person responsible for emissions 

of lead, who has elected to be regulated by Regulation 

ll-l-303 shall provide, install and :maintain not less than 

four directionally controlled high-volume samplers located 

.~. in the area surrounding the source and shall provide at 

least one recording meteorological station equipped to 

record wind speed and wind direction. 

17 



4 

2.3.1 Instrument Specification. High-volume samplers, 

as described in Appendix B, "Reference Method for the 

Determination of Suspended Particulates in the Atmosphere 

(High-Volume Method)", Federal Register, Vol. 36·, No. 84, 
= 
: Friday, April 30, 1971, shall be fitted with a control 

device which will cause the sampler to operate only during 

those periods when the ambient airflow to the sampler is 

from a specified sector. Means shall be added to record 

the elapsed time of sampler operation. 

2.3.2 Meteorological Instrument Specifications. Meteoro

logical instruments shall be capable or continuously measuring 

and recordi.ng w1nd direction to Within ten degrees of arc, 

and wind speed to within one mile per hour (mph} at wind 

speeds less than 25 mph, and With a threshold no greater 

than 3 mph. The width of the Wind recording charts shall 

be adequate to determine the wind components as specified. 

2 •.4 Instrument Siting. High-volume samplers shall be 

positioned in pairs along vectors ot wind direction passing 

over the source. The number of wind vectors required for 

monitoring or a site shall be determined from a wind rose 

applicable to the site. The wind rose shall be as described 

in "some Applications ot statistics to Meteorology", by 

._.. Bans Panotsky and Glenn Briar, Mineral Industries Extension 

Service, Pennsylvania State University, pages 15-16, 1958. 

Two such w1nd roses shall be used, one tor the period 

November through April, and one for the period May through 

October. The requirements or this section apply to each 

18 
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one independently. 

On each wind rose, a primary vector is drawn in the direction 

of the most frequent winds, and passing through the emission 

point. This vector is the centerline of a sector of 45° 
= 

of arc (vector direction plus and minus 22.50). Similar 

treatment of at least one additional vector shall be provided 

to ensure that the sectors as a group encompass at least 

one-half of the exposure +ndicated by the wind rose • 

. 
A pair of samplers shall be installed along each vector. 

One shall be upwind, and its data will be used 1n determin

ing background concentrations; the other shall be downwind, 

and its data will be used in determining source-impacted 

concentrations. These samplers shall be located as close -
as possible to the points at which.maximum ground level 

concentrations are predicted by dispersion analysis to occur 

most frequently. In no case shall the location of the 

sampler be on the property on which the emissions occur 

unless the person responsible for monitoring agrees in 

writing that such location shall, for the purpose of 

District requirements, be deemed off the property. 

Meteorological instruments shall be placed as close to the 

emission source as u practicable while providing a reason
-. ably unobstructed exposure to the ~low or ambient air. 

Positioning of all instruments shall be determined in con

sultation with the APCO. 

19 



2.5 Instrument Operation. The monitoring system shall be 

operated for 24 consecutive hours, at least once every 

three days. lllring this period, meteorological instruments 

shall be operated continuously; and all samplers 1n the 

system shall be ready to operate, and shall operate wh~n= 
: 

ever the wind direction is within the sector tor which 

controls are set. Samplers shall be operated, and samples 

obtained, 1n accordance with the specifications as described 

1n Appendix B, "Reference Method tor tne Determination of 

Suspended Particulates in the Atmosphere (High-Volume 

Method)", Federal Register, Vol. 36, No. 84, Friday, 

April 30, 1971. 

2.5.1 Filter Media. Glass-fiber filters having an initial 

collection efficiency of at least 99 percent for particles 

ot 0.3 µm. diameter are suitable for sample collection. 

2.6 Maintenance. care and maintenance shall be such that 

the instruments will function properly and record the 

lead concentrations 1n the area. 

2.7 calibration. calibrations shall be performed to 

assure that the volume or air sampled is accurately known. 

High-volume sampler calibrations shall be performed by 

use ot the Calibration Procedure 1n Appendix B - Reference 

..... Method for the Determination ot Suspended Particulates in 

the Atmosphere {High-Volume Method), Federal Register, 

Vol. 36, No. 84, Friday, April 30, 1971 or any equivalent 

method. 
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2.8 Analysis. Lead collected on the filters shall be 

analyzed by Laboratory Procedure No. 4A "Determination 

of Lead Content 1n Atmospheric Particulate Matter". The 

<· APCO may require submission o~ tilter samples for com

= parative analysis. 

2.8.1 De.ta Analysis. Arithmetic means of lead concentra

tions shall be computed from all samples obtained during 

a thirty day period. Two separate arithmetic means shall 

be computed, one for all the background samples and one 

for all samples influenced by the source. All means 

shall be running means, updated at each subsequent 24-hour 

sample to include data for a thirty day period. 

2.9 Reporting. A summary of data obtained from sampling 

and analysis and from the meteorological instrumentation, 

shall be submitted to the APCO within 30 days following 

the end of the month. 
• 

..~. 
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