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A gas sample is extracted from the sampling point in the 

stack. The sample is collected in an evacuated 2-Q round bottom 

borosilicate flask containing 25 ml of dilute sulfuric acid­

hydrogen peroxide absorbing solution. The nitrogen oxides, 

except nitrous oxide, are measured colorimetrically using the 

phenoldisulfonic acid (PDS) method for analysis. 

If the gas being sampled contains insufficient oxygen for 

the co�version of NO to N02, then oxygen should be introduced

into the flask to permit this conversion. Oxygen may be intro­

duced into the flask by one of three methods: ( 1) Before 

evacuating the sampling flask-, flush with pure cylinder oxygen, 

and then evacuate flask to 75 mm (3.0 in.) Hg absolute pressure 

or less; or (2) inject oxygen into the flask after sampling; or 

( 3) terminate sampling with a minimum of 50 mm ( 2. 0 in. ) Hg

vacuum remaining in the flask, record this final pressure, and

then open the flask to the atmosphere until the flask pressure is

almost equal to atmospheric pressure. The chemical reactions 

that occur during sampling absorption are: 

NO sample: 

N02 sample:

NO sample: 

NO + H2o2 ➔ N02 + H20 ➔ 2N02 + H2o2 ➔ 2HN03
2N02 + H

2
o

2 
➔ 2HN03

(2NO) gaseous + o2 ➔ 2No2 + H2o2 � 2HN03

Method 7 is applicable to the measurement of nitrogen oxides 

emitted from stationary sources. The range of the method has 

been determined to be 2 to 400 mg NOx, expressed as N02 per dry

standard cubic meter without having to dilute the sample. 

The precision of the method ( as measured by repeatability 

and reproducibility of the measurements) in the col labor a ti ve 

/Jf</ 
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studies varies from 6.6% to 15% (repeatability) and from 9.5% to 
19% (reproducibility). See Appendixes A and K, Volume I of this 
Handbook1 for definition and discussion of these measures of data 
quality. 

The method description given herein draws heavily on the 
corresponding guideline document, 2 the collaborative test re­
ports, 3 • 4• 5 and the Reference Method from the 40 CFR 60, July 1,
1978. Section 3. 6 .10 contains a complete copy of the Reference 
Method. Blank data forms are provided in Section 3. 6 .12 for 
the convenience of the Handbook user . 
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Section 3.6 provides the procedures for collecting and 

analyzing a grab sample of oxides of nitrogen (NOx>· The results

are expressed as concentrations of nitrogen dioxide (N02). The

applicable regulation should be consulted to determine any addi­

tional requirements (i.e., velocity traverse or o2 grab sample). 

Method 7 requires less experience and manpower to collect the 

sample than most of . the other reference methods. However, based 

on the wide variations in the collaborative results of analyses 

on aqueous ammonia nitrate audit samples, it is imperative that 

the analyst be familiar with the analytical techniques described 

in the Reference Method in Section 3. 6 .10. A larger number of 

samples (normally 12) is also required to be taken because the 

method collects a grab sample not an integrated sample over an 

extended time. 

The four blank data forms at the end of this section may be 

removed from the Handbook and used in the pretest, test, and 

posttest operations. Each form has a subtitle (e.g., Method 7, 

Figure 3 .1) for helping the user find a similiar filled-in form 

in the method description ( Section 3 . 6. 3 ) . On the blank and 

filled-in forms, the i terns/parameters that can cause the most 

significant errors are starred. 

1. Procurement of Equipment

. Section 3.6.1 (Procurement of Apparatus and Supplies) gives

the spec;ifications, criteria, and design features of the equip­

ment and material required to perform Method 7 . tests with the · 

evacuated flask sampling train. This section is designed to 

guide _the tester in the procureme.nt and initial check of equip­

ment and supplies. The activity matrix (Table 1.1) at the end of 

Section 3. 6 .1 can be used as a quick reference and is a summary 

of the corresponding written description. 

2.' Pretest Preparations 

Section_3.6.2 (Calibration of Apparatus) provides a step-by-, 

step description of the calibration procedures along with the 
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The optimum wavelength 

the. calibration factor 

should be determined each time the spectrophotometer is used to 

analyze NO
x 

samples. The volume of each collection flask must be 

determined with stopcock in place. This volume measurement is 

required only on the initial calibration, provided the stopcock 

is not changed. The calibration section may be removed along 

with the corresponding sections from the other methods and made 

into a separate quality assurance reference manual for use by 

calibration personnel. 

Section 3. 6. 3 (Presampling Operations) provides the tester 

with a guide for equipment and supplies preparation for the field 

test. The calibration data should be summarized on a pretest 

checklist (Figure 3.1, Section 3.6.3) or similar form. A pretest 

preparation form ('Figure 3. 2, Section 3. 6. 3) can be used as an 

equipment checkout and packing list. The flasks may be charged 

with the absorbing reagent in the base laboratory. The method of 

packing and the use of the described packing containers should 

help protect the equipment, but neither is required by the 

Reference Method. 

3. on-Site Measurements

Section 3. 6. 4 (On-Site Measurements) contains step-by-step

procedures for the sample collection and for the sample recovery. 

The on-site checklist. (Figure 4.3, Section 3.6.4) provides the 

tester with. a quick method of checking the requirements. When 

high negati.ve stack pressures are present, extra care should be 

taken to purge the leak-tested sample system and to be sure the 

flask is �75 mm. (3 in.) Hg �solute pressure prior to testing. 

Also the 16-h sample residence time in.the flask must be observed-

4. Post test Operations

Section 3.6.5 (Postsampling Operations) gives the posttest

equipment procedures and a step-by-step analytical procedure for 

determination of . NO
x

, expressed �s N02. · ·.Posttest calibration is

not required on any of the �ampling · equipment. The posttest 
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operation forms ( Figure 5. 3, Section 3 . 6. 5) provide some key 
parameters to be checked by the tester and laboratory personnel. 
The step-by-step analytical procedure description can be removed 
and made into a separate quality assurance analytical reference 
manual for the laboratory personnel. Analysis of a control 
sample is required prior to the analysis of the field samples. 
This analysis of an ir..dependently prepared known standard will 
provide the laboratory with quality control checks on the 
accuracy and precision of the analytical techniques. Strict 
adherence to the Reference Method analytical procedures must be 
observed; for example in the evaporation of the sample, the 
substitution of a hot plate for the steam·bath is not acceptable. 

Section 3 . 6. 6 (Calculations) provides the tester with the 
required equations, nomenclature, and significant digits. It is 
suggested that a calculator 'be used if available to reduce the 
chance of calculation error. 

Section 3.6.7 (Maintenance) provides the tester with a guide 
for a maintenance program. This program is not required, but 
should reduce equipment malfunctions. 
5. Auditing Procedure

Section 3. 6. 8 (Audi ting Procedure) provides a description
of necessary activities for conducting performance and system 
audits. The performance audit of the analytical phase can be 
conducted using an aqueous ammonium nitrate solution. Perform­
ance audits for the analytical phase and the data processing are 
described in Section 3.6.8. A checklist for a systems audit is 
also included in this section. 

Section 3.6.9 (Recommended Standards for Establishing Trace­
ability) provides the primary standards to which.the data should 
be traceable. The analysis of NOx is traceable to primary stand­
ard grade ammonium nitrate. 
6. Reference Material·

Section 3.6.10 (Reference Method) is a copy of the.Reference
Method, on which the quality assurance method description was 
based. 
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Section 3. 6 .11 (References) is a listing of the references 

that were used in this method description. 
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no 

Volume measured within ±10 ml of actual volume? no ___ yes ---

Temperature Gauge 

Was a pretest temperature correction used? _yes no 

If yes, temperature correction ........ -- (within +1 ° C (2° F) of 
reference values for calibration and within-±2° C (4 ° F) of
reference values for calibration check) 

Vacuum Gauge 

Was gauge-calibrated against a u-tube mercury manometer 
(If it was a mechanical gauge)? __Jes __ no ___ not 
applicable? 

Barometer 

Was the pretest field barometer reading within +2.5 mm (0.1 in.) 

"* 

Hg of the mercury-in-glass barometer? __Yes no 

Most significant items/parameters to be checked. 
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Apparatus check 

Probe 

Glass liner 
clean 

Heated properly 

Leak checked 

Collection Flask

Clean 

Leak checked 

Temperature 
gauge 

Evacuation System 

Leak-free pumps 

Manifold and 
tubing 

u-tube manometer

Barometer

Reagents 

Distilled 

Absorbing 

tion* 

water 

solu-
. - . ... 

Sodium hydrox-
ide, lN ,._ 

pH paper 
... ·· .... f 

sam12le Recovery 

Dropper or 
burette 

Sample bottles 

Pipette, 25 ml 

PRETEST PREPARATIONS 

(Method 7, Figure 3.2) 

Acceptable Quantity 

Yes 

.. 

. .

-

. .

-

No 

_,.. _ 

; --
.. 

� . 

-. ' 

-

required 

. . 

... 

. . 
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Loaded 
Ready and packed 

Yes No Yes No 

� 

, . 

. -

•, 

.. 

)
° 

: 

.. 

. '

, 

: 

. 

'·' 

.:. -- -

.. 

* Most significant items/parameters to be checked.
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Sampling 

ON-SITE MEASUREMENTS

(Method 7, Figure 4.3) 

Volume of 25 ml of absorbing solution placed in flask? 
Flask valve stopper in purge position? 

. .. 

Sampling train properly assembled? ____________ _ 
Leak free?* 
Type? 

Stopcock grease used? _______ _ 

Flask evacuated to 75 mm (3 in.) Hg pressure? 
--------

Leakage from manometer ob�ervation?* 
(e.g., maximum change in manometer of <10 mm (0.4 in.) 
Hg/min) 

Initia� pressure of flask recorded?* ___________ _ 
Initial'.. temperature of flask recorded? 
Probe p�iged before sampling? 

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

Sample collected properly?* 
-----------------

•. 

Flask shaken for 5 min after collection and disassembly 
from train?* 

\ 
-----------------------

O x y gen introijuced to flask? ____ Method used? 
Samples properly labeled and sealed and stored for shipment? 

Sample Recovery 

Samples allowed to remain in flasks for minimum of 16 h?* 

Final flask temperature and press�re recorded?* 
Sample transferred td leak-free polyethylene bottle? 
Flask rinsed twice with 5-ml portions of distilled water 

��_rinse_added to bo�tle containing.�ample? 
pH adjusted to between g and 12?* 

* Most significant items/parameters to be checked.

. :; -; � . .  ] ·- .... · .. 
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Phenoldisulfonic acid stored in dark stoppered bottle? 
Sulfuric acid, concentrated, 95% minimum assay reagent 

grade? 

Ammonium hydroxide, concentrated reagent grade? 

Sample Preparation 

Has liquid level noticeably changed?* 

Original volume Corrected volume 

Analysis 

Spectrophotometer calibrated?* 

Setting for maximum absorbance of standard ________ nm 
Control sample prepared?* 

Any solids in sample removed through Whatman No. 41 filter 
paper? 

Absorbance measured at optimum wavelength used for the stand­
ards, using the blank solution as a zero reference? 

All analytical data recorded on checklist and laboratory form? 

* Most significant items/parameters to be checked.
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The activity matrix for apparatus is given in Table 1.1 at 
the end of this section. The required apparatus for a Method 7 
sampling train is shown in Figure 1.1 . Additional specifica­
tions, criteria, and/or design features as applicable are given 
here to aid 'in the selection of equipment to ensure the collec­
tion of good quality data. All new items of equipment are to be 
inspected visually for identification and damage before accept­
ance. Also, if applicable, new equipment is to be calibrated 
according to Section 3. 6. 2, as part of the acceptance check. 

During the procurement of equipment and supplies, it is 
suggested that a procurement log·be used to record the descrip­
tive title of the equipment, identification nWllber (if applica­
ble), and the results o! acceptance checks. An .example of a 
procurement log is shown in Figur�- _ l. i. A blank . copy of this 
form is given in Section 3.6.12 for the Handbook user. Calibra­
tion data generated in the acceptance check are to be recorded in 
the calibration log book. Al ��-�!}�ti ve grab sampling systems or 
equipment capable of measuring sample volume to within .:!:_2% and 
collecting a sufficient sample: volume to allow analytical re­
peatability to within +5% is .acceptable, subject to approval. 

. 
-

The following equipment is specified in the Reference Method. 
1.1 Sampling 
1.1.1 Sampling Probe -: The sampling probe should be made of 
glass (borosilicate) encased in a stainless steel sheath and 
equipped with a heating system capable of p�eventing water con­
densation and with a filter (either in-stabk or heated out of 

' 

stack) to remove particulate matter. A plug iof glass wool in the 
sample probe is satisfactory for the in-stack filter. Stainless 
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steel or TeflonR tubing may also be used for the probe liner. 
Heating is not· required if the probe remains dry during the 
purging period, but it is recommended that the probe bave pro­
vision for heating. The in-stack end of the probe should have an 
expanded diameter for about the first 4 cm to be used for the 
glass-wool filter. A probe of approximately 1.2 m (4 ft) total 
length is usually sufficient for sampling. However, the probe 
tip can be no closer than 1 m ( 3. 28 ft) from the inner wall of 
stacks > 2 m in diameter. When stack gas temperatures exceed 
480° C (900° F), a probe fabricated from quartz (Vycor) should be 
used along with quartz wool for filter material. The main crite­
rion in selecting a probe material is that it be nonreactive with 
the gas constituents and therefore not introduce a bias into the 
analysis. 

A new probe should be· checked visually for specifications 
(i.e., the length and composition ordered). It should be checked 
for cracks, breaks, and leaks on a sampling train. The probe 
heating system should be checked as follows: 

1. Connect the probe (without filter) to the inlet of the
pump. 

2. 
or 3 min. 
touch. 

Electrically connect and turn on the probe heater for 2 
If functioning properly, it will become warm to the 

3. Start the pump and adjust for a flow rate of about
1.0 ..e/min. 

4. Check the probe. It should remain warm to the to�ch.
The heater must be capable of maintaining the exit air tempera­
ture at a minimum of 100° c (212°F) under the above conditions. 
If it cannot, the probe .should be replaced. Any· probe not 
satisfying the acceptance check should be repaired if possible; 
or returned to the supplier. 
1.1.2 Collection Flask - A 2-..e borosilicate round bottom flask, 
with .a short neck and 24/40 standard taper opening is required. 

�rade name. 
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The collection flask should be protected from implosion or break­

age by using (1) tape, (2) a commercial unit encased in foam, or 

( 3) a fabricated closed-cell foam· enclosure. Once the flask has

been connected to the flask valve, both should be marked as a set

and neither should be used at random with other flasks as this

will cause volume fluctuations.with the sample.

1.1. 3 Flask Valve - A T-bore stopcock is connected to a 24/40

standard taper joint. Bores should be numbered but not switched
to prevent leakage problems. The T-bore should be marked to

·avoid turning the stopcock in the wrong direction when sampling.

The flask valve should be marked to identify its matched flask.

1.1. 4 Temperature Gauge - A temperature gauge should consist of

a dial-type thermometer, or equivalent, capable of measuring 1 °c

(2° F) intervals from -5 ° to S0 °C (25 ° to 125 ° F). Dial-type

thermometers are easily damaged, so each new thermometer must be

checked visually for damage, such as a dented or bent stem. Each

thermometer should read within �1 °C (2° F) of the true value when

checked in an ice water bath and at room temperature against a

mercury-in-glass thermometer that conforms to ASTM E-·l No. 63C or

63F. Damaged thermometers that cannot be calibrated must be

replaced.

1.1.5 Vacuum Line - The vacuum line should be of a nonreactive,

thick wall type and should be leak checked at 75 mm (3 in.) Hg of

absolute pressure while connected to the sampling train. The

tubing should be flexible and approximately 1 to 1. 6 m ( 3 to

5 ft) in total length. If the tubing is found to leak, it

should'be rejected.

1 � 1. 6 Vacuum Gauge - A u-tube manometer should be · about 1 m

( 36 in. ) in length with 1-rnm ( 0 .1 in. ) di visions, or the equi va­

lent, capable of measuring pressure to within �2.5 mm (O.l in.)
Hg. If a u-tube manometer is used, no calibration is required.

Upon receipt, the user should verify by reading the instructions
that·the manometer was designed to use mercury. If the manometer

is acceptable, it must then be leak checked. When a mechanical

vacuum gauge is used, it must be calibrated upon receipt by the
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procedures described in Section 3.6.2. If it fails to calibrate, 

it.should be replaced. 

The vacuum gauge should be leak checked as follows: ( 1) 

connect vacuum line to the manometer at the end that connects to 

the sampling train, as shown in Figure 1.1 (2) pull a vacuum of 

75 mm (3 in.) Hg or-less, (3) shut off the valve between the 

manometer and the pump, ( 4) shut off the pump, ( 5) observe the 

vacuum registered on the manometer for any deviation over a 1-min 

period. If there is no deviation, the vacuum gauge is accept­

able; if there is a deviation, the gauge is unacceptable and 

should be corrected or replaced. 

1.1.7 Vacuum Pump - The vacuum pump should be cap_able of produc­

ing a vacuum of 75 mm (3 in.) Hg or less. The pump must be leak 

free when running and when pulling a vacuum (inlet plugged) of 75 

mm (3 in.) Hg. Two types. of vacuum pumps are commonly used--a 

modified sliding fiber vane pump or a diaphragm pump. For safety 

reasons, the pump should be equipped with a three-wire electrical 

cord. To check the pump for leaks, install a vacuum gauge in the 

pump inlet line� Plug the inlet line and run the pump until the 

vacuum gauge reads 75 mm (3 in.) Hg of vacuum. The vacuum read­

ing should remain stable for 30 seconds. 

1.1. 8 Squeeze Bulb - A one-way, hard rubber bulb with about a 

50-ml capacity is needed to purge the sampling system.

1.1. 9 Volumetric Pipette - A 25-ml volumetric glass pipette

(Class A) is needed for addition of reagent to the collection

flask.

1.1.10 Stopcock Grease - An inert, high-vacuum, high-temperature

chlorofluorocarbon grease should be used. Halocarbon 25 - 55 has

been found to be effective.

1.1.11 Barometer - Mercury, aneroid, or other barometers capable

of measuring atmospheric pressure to within 2.5 mm (0.1 in.) Hg

are required._ In many cases, . the barometric reading may be

obtained from ·a nearby National Weather Service Station, in which
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case the station value (which is the absolute barometric pres­

sure) should be requested and an adjustment for elevation differ­

ences between the weather station and the sampling point should 

be applied at a rate of -2. 5 mm Hg/30 m ( O .1 in. Hg/100 ft) 

of elevation increase, or vice versa for elevation decrease. 

Upon receipt, check the barometer against a mercury-in-glass 

barometer. Replace it if it cannot be calibrated to read cor­

rectly. 

1.2 Sample Recovery 

1.2.1 Graduated Cylinder - A 50-ml glass or polyethylene gradu­

ated cylinder with 1-ml divisions is required. 

1. 2. 2 Storage Bottles - A minimum of 12 leak-free polyethylene 

bottles for recovery of samples are needed. The bottles shou1d

be packed in a cushioned, locked container (box or footlocker) 

for shipment. The leak-free seal can be initially checked by 

putting water in each, sealing, and then shaking the container 

upside down. 

1.2.3 Wash Bottle - Glass or polyethylene wash bottles are 

needed for rinsing (transferral) of the sample solution to stor­

age bottles. 

1.2.4 Stirring Rod - A stirring rod (glass or polyethylene) is 

required to check the pH of the absorbing reagent. 

1.2.5 pH Indicating Paper - pH paper with the range of 7 - 14 is 

required to test the alkalinity of the samples. 

1.3 Analvsis 

1.3.l Pipettes - Several volumetric pipettes are required (two 1 

ml, two 2 ml, one 3 ml, one 4 ml, two 10 ml, and one 25 ml); one 

transfer pipette (10 ml with 0.1-ml divisions) is required. 

1.3.2 Volumetric Flasks - One 100-ml volumetric flask, is needed 

for each sample and each standard. Two 1000-ml volumetric 

flasks are required for the blank and the standard nitrate. 

Additional volumetric flasks ( 50 ml) are required for aliquots 

for analysis and for dilution of samples that fall outside the 

calibration range (absorbance >400-µg standard). 
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1.3.3 Evaporating Dishes Several 175- to 2so�ml capacity 

porcelain dishes with lip for pouring are needed, one for each 

sample and one for each standard. The Coors No. 45006 (shallow, 

195 ml} has been found to be satisfactory. Alternatively, 

polymethyl-pentene beakers (Nalge No. 1203, 150 ml) or glass 

beakers ( 150 ml} may be used. When glass beakers are used,· 

etching of the beakers may cause solid matter to be present in 

the analytical step; the solids should be removed by filtration. 

For this reason, glass beakers shouid be used only if necessary. 

1.3 .4 Steam Bath - A steam bath is required to evaporate the 

absorbing solution. Low-temperature ovens or thermostatically 

controlled hot plates kept below 70 °C (160° F) . are acceptable 

alternatives. 

1. 3. 5 Polyethylene Policeman - One stirring rod (polyethylene
j 

policeman) is required for each sample and standard. A glass

stirring rod is not recommended.

1. 3. 6 Graduated Cylinder - A 100-ml graduated glass cylinder

(Class A) with 1-ml divisions is required for additions of dis­

tilled water.

1.3.7 Spectrophotometer - A spectrophotometer capable of measur­

ing the absorption at 410 run ( or the maximum peak), a set of

neutral density filters, and a filter for wavelength calibration

are required.

1.3.8 pH Paper - The paper should cover the pH range of 7 - 14

with intervals of 1-pH unit.

1.3.9 Analytical Balance - One analytical balance that weighs to

O .1 mg and a set of Class-s calibration weights to check the

accuracy of the balance (+0.3 mg) upon receipt are needed.· The

balance should be serviced by or returned to the manufacturer if

agreement cannot be met.

1. 3 .10 Dropping Pipette or Dropper - A dropping pipette, · or a

dropper,. or its equivalent for addition of ammonium hydroxide to

the evaporation dish is needed.

. \ 
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Unless otherwise indicated, it is intended that all reagents 
conform to the specifications established by the Committee on 
Analytical Reagents of the American Chemical Society (ACS), where 
such specifications are available; otherwise, use the best avail­
able grade. 
1.4.1 Samplin,3: - To prepare the absorbing solution, cautiously 
add 2.8 ml of concentrated �so4 to 1 t of deionized distilled
water and mix well. Add 6 ml of 3% hydrogen peroxide, freshly 
prepared from 30% hydrogen peroxide (ACS reagent grade) solution. 
The absorbing solution must be used within 1 week-of its prepara­
tion and if possible within 24 h. Store in a dark:,;.colored bot­
tle. Do not expose to extreme beat or direct sunlight. Note: 
The 30% hydrogen �hould be stored in the refrigerator. 
1. 4. 2 Sample Recovery - Two reagents -are required for sample
recovery.

. Sodium hydroxide (lN) - Dissolve 40 g of NaOH ACS reagent 
grade in deionized distilled water and dilute to 1 R. 

Water - Use deionized distilled to conform to ASTM speci­
fication Dll93-74, Type 3. At the option of the analyst, the 
KMno4 test for oxidizable organic matter may be omitted whenever
high concentrations of organic matter are not expected to be 
present. 
1.4.3 Analysis - For the analysis, the following reagents are 
required. 

Fuming-sulfuric acid - Use 15% to 18% by weight of free sul­
fur trioxide, ACS rea_gent grade. Note: Handle with caution. 

Phenol - Use white solid, ACS reagent grade. 
Sulfuric acid - Use concentrated, 95% minimum assay, ACS 

reagent grade. Note: Handle with caution. 
Potassium nitrate - Dry at .105 ° to 110° c (220 ° to 230°F) for 

a minimum of 2 h just prior to preparation of standard solution, 
ACS reagent grade. 

Standard KN03 solution - Dissolve exactly 2 .198 g of dried
potassium nitrate (KN03) in deionized distilled water and dilute

,,,,-·- ·--,

(i1� 
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to 1 Jl with deionized distilled water. One ml of the working 

standard solution is equivalent to 100 µg of nitrogen dioxide 

(N0
2

). 

Water - Deionized distilled as in Subsection 1.4.2. 

Phenoldisulfonic acid solution - Dissolve 25 g of pure white 

phenol in 150 ml of concentrated sulfuric acid on a steam bath. 

Cool; add 75 ml of fuming sulfuric acid; and heat at 100 ° C 

(212° F) for 2 h. Store in a dark, stoppered bottle. Alterna­

tively, this solution may be purchased prepared, if it meets the 

American Public Heal th Association specification for nitrate-· 

nitrogen in water. 

Ammonium hydroxide - Use concentrated, ACS reagent grade. 
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Table 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS 
AND SUPPLIES 

Action if 
Apparatus/ Frequency and method requirements 
reagents Acceptance limits of measurement are not met 

Probe Borosilicate glass tub- Upon receipt, visual- Return to 
ing, stainless steel or ly check for cracks supplier and . 
Teflon capable of re- or flaws and heating note in pro-
moving particulate and capability curement log 
preventing moisture 
condensation 

Collection Two-liter borosilcate Upon receipt visual- As above 

flask glass round bottom, ly check and leak

short neck w/24/40 check 
standard taper opening 

Flask valve Borosilicate glass T- Visually check upon As above 
bore stopcock w/24/40 receipt 
standard taper male 
joint (joint connection 
to be made by glass-
blower) 

Temperature Dial.;.type, capable of Visually check upon As above 
gauge measuring from -5° to receipt, and compare 

+50°C within 1°C against Hg-in-glass 
thermometer 

Vacuum line Capable of withstanding Upon receipt visual- As above 
tubing 75 mm absolute pres- ly check and leak

sure check 

Vacuum gauge U-tube manometer, open Visually check upon As above 
end, 1 m with 1-mm div- receipt 
isions 

Vacuum pump Pump capable of pulling Upon receipt check As above 
vacuum of 75 mm Hg or with suitable pres-
less sure gauge 

Squeeze bulb Rubber, one-way Visually check upon As above 

receipt 

Volumetric 1- 2- 3-, 4-, 10-, As above As above 
' ' 

pipettes 25-ml glass (Class A)

(continued) 



Table 1.1 (continued) 

Apparatus/ 
reagents Acceptance limits 

Stopcock grease High vacuum, high temp-
perature chlorofluoro-
carbon grease 

Barometer (or Capable of reading at-
consult local mospheric pressure to 
weather sta- +2.5 mm Hg
tion 

Storage bottle Polyethylene, 100-ml, 
or greater capacity, 
screw cap 

Wash bottle Polyethylene or glass 

Glass stirring As above 
rod 

pH paper Sensitive in pH range 
7-14

Volumetric so-, 100-, 1000-ml 
flasks glass (Class A) 

Evaporating Porcelain evaporating 
dishes dishes or polymethyl-

pentene beakers 

Steam bath Evaporate the sample 
solution at a low 
controlled temperature 

Polyethylene Polyethylene stirring 
policeman rod 

Graduated cyl- 50, 100 ml (Class A) 
inders with 1-ml divisions 

(continued) 
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Action if 
Frequency and method requirements 

of measurement are not met 

As above As above 

Visually check; cali- As above 
brate against 
mercury-in-glass 
barometer 

Visually check upon Return to 
receipt supplier and 

note in pro-
curement 
log 

Visually check label As above 
upon receipt 

As above As above 

As above Return to 
supplier 

As above As above 

As above Discard when 
the bottoms 
become etche d

As above Return to 
supplier 

As above As above 

As above As above 



Table 1.1 (continued) 

Apparatus/ 
reagents Acceptance limits 

Spectrophotome- Capable of measuring 
ter absorbance at 410 run 

(such as Bausch & Lomb 
Spectronic 70) 

Dropping Able to add reagents 
pipette or dropwise 
dropper 

Sulfuric acid Concentrated, ACS rea-

• 
gent grade 

Hydrogen perox- 30% aqueous solution, 
ide ACS reagent grade 

Sodium hydrox- ACS reagent grade pel-
ide lets 

Sulfuric acid Fuming, 15-18% free 
sulfur trioxide 

Phenol White solid, ACS rea-
gent grade 

Potassium ni- ACS reagent grade 
trate 
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Action if 
Frequency and method requirements 

of measurement are not met 

Upon receipt, either Adjust, re-
check,wavelength calibrate as 
with filters or en- per manu-
sure optimum wave- facturer's 
length is between instructions 
400 and 415 nm and note in 

procurement 
log 

Visually check upon Return to 
receipt supplier 

Visually check upon As above 
receipt; check speci-
fications 

As above As above 

Visually check upon Return to 
receipt; check speci- supplier 
fications 

As above As above 

As above As above 

As above As above 
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Calibration of the apparatus is one of the most important 

functions in maintaining data quality. The detailed calibration 

procedures included in this section are designed for the equip­

ment specified by Method 7 and described in the previous section. 

Table 2 .1 at the end of this section summarizes the quality 

assurance functions for calibration. All calibrations should be 

recorded on standardized record forms and retained in a calibra­

tion log book. 

2.1 Collection Flask 

Assemble the clean flasks and valves and fill with vater 

(room temperature) to the stopcock. Measure the volume to +10 ml 

by transferring the water to a 500-ml glass (Class A) graduated 

cylinder. Do duplicate volume determinations, and use the mean 

value. Number and,record the volume mean value on the flask or 

foam encasement and in the laboratory , log book. This volume 

measurement is required only on the initial calibration if the 

flask valves are not switched. 

2.2 _ Spectrophotometer 

2.2.l Determination of optimum Wavelength - Calibrate the wave­

length scale of the spectrophotometer every 6 mo. The calibra­
tion may be accomplished by using an .. energy source- with_ an in­

tense line - emission such as a · mercury ·lamp, or by using a -series 

of -glass filters. spanning the measuring range of the·.spectropho­

tometer., Calibration materials are·. available commercially and 

from _ the National Bureau of standards. , Specific , deta:i:ls o� the 

uses of such materials should .be supplied by the vendor. 

In ·_general, when·-�using glass -- filters;· each '·filter .is in-· ·, 

serted . into .. - the light ·path. and the .wavelength dial . i-s rotated : 
until the instrument response is greatest. Then the reading on"­

the dial is noted and can be compared with the true va.lue_. When 
using an alternate · light source, -.- the . instrument lamp i is replaced 
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by the alternate lamp. The wavelength dial is rotated, and the 

dial reading is noted at each peak for comparison with the true 

value. The wavelength scale of the spectrophotometer must read 

correctly within +5 nm of the true wavelength at all calibration 

points; otherwise, the spectrophotometer should be repaired and 

recalibrated. Once the wavelength scale of the spectrophotometer 

is properly calibrated, use 410 nm as the optimum wavelength for 

the measurement of the absorbance of the standards and samples. 

Alternatively, a scanning procedure may be employed to 

determine the optimum wavelength. If the instrument is a double­

beam spectrophotometer, scan the spectrum between 400 and 415 nm 

using a 200 µg No2 standard solution in the sample cell and a

blank solution in the reference cell. If a peak does not occur, 

the .spectrophotometer is probably malfunctioning and should be 

repaired. If a peak is obtained within the 400- to 415-nm range, 

the wavelength at which this peak occurs should be the optimum 

wavelength for the measurement of absorbance of both the stand­

ards and the samples. For a single-beam spectrophotometer, 

follow the scanning procedure described, but scan the blank and 

the standard solutions separately. The.optimum wavelength should 

be the one at which the maximum difference in absorbance between 

the standard and the blank occurs. The data obtained for this 

alternative optimum wavelength determination should be recorded 

on the data form as shown in Figure 2.1. 

2.2.2 Determination of Calibration Factor.-� - The calibration 

factor (Kc) :must be determined in .the verification of the - analyt­

ical technique and solution prepar_ation prior to sample analysis 

with, the. control sample. · After- the· analytical technique and 

solutions have been verified:as to their accuracy and precision, 

a new calibration factor should be determined simultaneously with 

the. field · sample analysis .. :· · Since a detailed discussion · of this 

procedure is included in the sample analysis Section 3.6.5, it is 

omitted here. -· ·· 

2. 3-:. ,Barometer 

.The field barometer should be adjusted initially and before 

each test series to agree within 2.5 mm (0.1 in.) Hg of the 
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Spectrophotometer number PEI-2

Calibrated by J3. (}/Uf0('(LLJ,j

Date ___2=j__J 0-;/f--7----'-7 ____ _ 

Reviewed by /. S�

Absorbance Absorbance Actual 
Spectrophotometer of staRdard of beank absorb�ce of 

setting, nm OD OD OD 

399 _q55 . /85 .170 

400 . Q3'1- . I �'1 . 117 
401 . q 2.0 . ' 3� -1B4
402 . qv� • I l<o . 7f8 

403 . 695 .DQ7 . 1QB

404 . 8q I .O�b . 805 

405 
:gii 

. 080 . �OB 
406 . 01'1 . ,o

407 . a,q . Ob(p . 813 
408 . 'O,, . 06""' . 8%. I 

409 . 81.3 ;057 . SIi,

410 . 8'1� . 04i> . so
,

411 
. B

so . 03(. . '194/, 
412 . ;J..3 . O�I . gq).

413 .81/ .ois . 783 

414 -��
. 015 . 7q I 

415 . 7 5" .ooQ .11(p 
416 .111 ,000 . '111 

a Absorbance of the 200 µg N02 standard in a single beam
spectrophotometer. 

b Absorbance of the blank in a single-beam spectrophotometer.
c For a single-beam spectrophotometer--absorbance of the standard

minus absorbance of the blank. For a double beam spectrophoto­
meter--absorbance of the 200 µg N02 standard with the blank
in the reference cell. 

Spectrophotometer setting for maximum actual absorbance of 
standard . ';OB nm. 

If the maximum actual absorbance occurs at a spectrophotometer 
setting of <399 or >416 nm, the spectrophotometer·must be 
repaired or-recalibrated. 

Figure 2.1. Optimun wavelength determination data form. 
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mercury-in-glass barometer or with the pressure value reported 

from a nearby National Weather Service Station and corrected 

for elevation. The correction for elevation difference between 

the station and sampling point should be applied at a rate of 

-2.5 mm Hg/30 m (-0.l in Hg/100· ft) elevation increase, or vice

versa for elevation decrease.

2.4 Thermometer

The thermometers used to measure the temperature of the 

sample flask should be initially compared with a mercury-in-glass 

thermometer that meets ASTM E-1 No. 63C or 63F specifications as 

follows: 

1. Place both the meroµry-in-glass and the dial-type or an

equivalent thermometer in a� ice bath. Compare readings after 

the bath stabilizes. 

2. Allow both thermometers to come to room temperature.

Compare readings after both stabilize. 

3. The dial-type or equivalent thermometer is acceptable

if values agree within 1 ° c (2 ° F) at both room and ice bath temp­

eratures. If the difference is greater than .:!:_l 0 c (2°F), the 

thermometer should be either adjusted and recalibrated until the 

above criteria are met, or replaced. 

4. Prior to each field trip . the temperatures should then

be compared at room temperature with the thermometer in . the 

equipment. If the value is not within .:!:_2 ° C (4° F} of the mercury­

in-glass thermometer value, the meter thermometer should be 

replaced or recalibrated. 

2.5 Vacuum Gauge 

When a mercury U-tube manometer is used, no calibration is 

required. The U-tube manometer should be checked initially to 

ensure that it is leak free. 

When a mechanical gauge is used, it must be calibrated· 

against a mercury U-tube manometer before the field test unless 

otherwise specified by the administrator. The mechanical gauge 

should be calibrated in the following manner: 
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1. connect the mechanical gauge and the u-tube manometer
in parallel with the vacuum pump. This can be accomplished with 
a T-connection. One line should be placed on the vacuum side of 
the pump, and the other two lines should be placed on the vacuum 
side of the gauge and manometer. 

2. Turn the pump on, and pull a vacuum of about 25 to 50
mm ( 1 to 2 in. ) Hg. Shut off main pump valve and then shut off 
pump. 

3. Observe the U-tube manometer to be sure that the system
is leak free. Any variation >10 mm (0.4 -in.) Hg over a 1-min 
period is not acceptable. The manometer and gauge readings must 
agree within +2 .5 mm (O.l in.) Hg, or the gauge should be re­
paired or replaced. 

4. Turn the ,Pump on, and pull the maximum vacuum for which
the pump is capab.l,e (must be within 75 mm (3 in.) Hg of absolute 
pressure). Shut off the main valve, and then the pump. 

5. Be sure that the system is leak free and again compare
readings. 

6. The gauge must agree within 2.5 mm (O.l in.) Hg at both
vacuums, or the gauge is not acceptable. 
2.6 Analytical Balance 

The analytical balance should always be zeroed and cali­
brated against a standard Class-s weight( s) just before the 
potassium nitrate (KN03) is weighed for the formulation of the
working standard. This calibration should be done in the fol­
lowing manner: 

1. zero the balanc;::e.
2. Place a 5-g and then a 10-g standard weight on the

balance. 
3. Be sure the balance readings of the standardized weights

agree within +2 mg of the standard weights. 
4. Enter the data on the calibration form, Figure 2.2.

-· 5. The weight 'of'"�the'"'··we'fgliing boat and--the -i;�ta�sium
nitrate should be <10 g; if not, heavier standard weights should 
be used to calibrate the balance.· 
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Balance name ---L-A_,£:,,:.:tfa..a....:;A_;-i:::..c=---:..r.....:o _______ Number __ ,{3_1,_'/_4._r_4?_ 

Classification of standard weights 
-------------

Date 

111-w 

--

0.5000 g 1.0000 g 10.000 g 50.0000 g 100.0000 g 

O. S00'-1 o.qqf'l 10. 0001. �o.oooc.. 100. 0004

.-
. .

Figure 2.2. Analytical balance calibration form. 

Analyst 

a..L-t 
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Table 2 .1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 

Apparatus 

Collection 
flask 

Spectropho­
tometer 

Barometer 

Thermometer 

Vacuum gauge 
(mechanical 
only) 

Analytical bal­
ance 

Acceptance limits 

Measure volume within 
+10 ml

1. *Calibrate wave­
length scale

2. *Determine optimum
wavelength within 399

to 416 run

Reading agrees within 
!2.5 mm (0.1 in.) Hg
of mercury-in-glass
barometer

Reading agrees within 
+1°C (2°F) of mercury­
in-glass thermometer 

Reading agrees within 
!2.5 mm (0.1 in.) Hg
of mercury U-tube man­
ometer

Weight within !2 mg of 
standard weights (Class 
S) 

Frequency and method 
of measurement 

On receipt, measure 
with graduated cyl­
inder 

1. Upon receipt and
every 6 mo, use glass
filters or light
source

Action if 
requirements 
are not met 

Recalibrate 

1. Return
to manufac­
turer for
repair

2. Upon receipt and 2. As above
every 6 mo scan be-
tween 400 and 415 nm

with 200 mg N0
2 

stand-
ard solution 

Upon receipt and be­
fore each field test 

As above 

As above 

Use standard weight 

before preparation 
of working solution 

Repair or 
return 

As above 

As above 

Repair or 
return to 
manufacturer 

* The tester may opt to perform either step 1 or 2, both are not
required.
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The quality assurance functions for presampling operations 
summarized in Table 3 .1 at the end of this section. See 

Section 3. 0 .1, Planning the Test Program, of this Handbook for 
details on preliminary site visits. 
3.1 Apparatus Check and Calibration 

Previously used equipment should be visually checked for 
damage and/or excessive wear before each field · test. Items 
should be repaired or replaced (as applicable) if judged to be 
unsuitable for use. A pretest checklist ( Figure 3 .1) summarizes 
equipment calibration. The pretest operations form (Figure 3.2) 
can be used as ari equipment check and packing list. The com­
pleted form should be dated, signe·d by the field crew supervisor, 
and filed in the operational log book. The replacement · of worn 
or damaged items of equipment should be initiated. Procedures 
for performing the checks are given herein; a check is placed in 
the proper row and column as the check/operation'. i� completed. 
Each team will have to construct its own checklist according to 
the type of sampling train and equipment it uses. 
3. 1. 1 Probe ( Fi 1 ter) - Clean the probe internally by brushing
first using tap water, then with distilled deionized water, next
with acetone, and finally allow it to dry in the air. In extreme
cases, the glass liner can be cleaned with stronger reagents.
Note: Do not use ni.tric acid to clean the probe unless a thor­
ough cleaning is performed to remove all the nitrates. In either
case, the object is to leave the glass liner �hemically inez:t to
oxides of nitrogen. If-: . the probe is ·- equipped . with ·_ a beating
system, check to see whether it is operating properly. The probe
should be sealed on the filter _side·· and checked for leaks at an
absolute pressure of <380 mm (15 in.) Hg. The probe must be leak
free under these conditions. This leak check may · be performed

·following the leak check of the sample flask and using the same
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Flask Volume 

Calibrated by 
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------------

Flask volumes measured with valves? ✓ yes no 

Volume measured within ±10 ml? yes no 
---

Temperature Gauge 

Was a pretest temperature correction used? __yes v'no 
If yes, temperature correction ____ (within +1 °C (2 ° F) of 

reference values for calibration and within-±2°C (4 ° F) of 
reference values for calibration check). 

Vacuum Gauge 

Was gauge calibrated against a U-tube mercury manometer 
(If it was a mechanical gauge)? __yes no \/ not 
applicable? 

Barometer 

Was the pretest field barometer reading within +2.5 mm (0.1 in.) 
Hg of the mercury-in-glass barometer? L_yes no 

Most significant items/parameters to be checked . 

. Figure 3 .1. Pretest sampling checks. 
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Acceptable 

Apparatus check Yes No 

Probe 

Glass liner v 
clean 

Heated properly ti 

Leak checked V 

Collection Flask 

Clean ✓ 
Leak checked ✓ 
Temperature 

✓ gauge 

Evacuation system 

Leak-free pumps V 

Manifold and ✓ 
tubing 

u-ttibe manometer ✓ 

Barometer v 

Reagents 

Distilled water v 

Absorbing solu- v 

tion* 

Sodium hydrox- ✓ 
ide, 1 N 

pH paper ✓ 

SamEle Recovery 

Dropper or ✓ 
burette 

Sample bottles V 

Pipette,' 25 ml v" 

Quantity 

required 

g 

1 '-1 

;l.. 

.3 

� 

f 

I &.-I-tr 

I lifer

' l,ttr 

I pk�. 

2 

,4 

:l 
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Loaded 
Ready and packed 

Yes No Yes No 

v 

V 
✓ 

I 

v V 

c./ ,/ 

v II' 

v ,,,,,,,,, 

✓ 

v 
V 

V ✓ 

✓ ✓ 

y .,, 

✓ 

V V 

* Most significant items/parameters to be checked.

Figure 3.2. Pretest preparations. 
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setup as described below in subsection 3 .1. 2. The glass liner 

should be sealed inside the metal sheath to prevent ambient air 

from entering the duct. 

3.1.2 Collection Flask, Flask Valve, and Evacuation System - The 

collection flask and valve in contact with sample gas should be 

cleaned with a strong detergent and hot water, and rinsed with 

tap water and deionized distilled water. Periodically, the 

glassware can be cleaned with a grease remover such as decahydro­

napthalene (c10H
18), followed with acetone, and then with the

cleaning agents named above. An alternate procedure is to use 

dichromate cleaning solution. Do not use solutions containing 

nitrogen. Vapor degreaser can be used to remove the stale vacuum 

grease. 

Stopcocks and joints should be lubricated with a chemically 

inert lubricant. An inert hydrogen-free chlorofluorocarbon 

lubricant can be used. 

The evacuation system ( Figure 1.1) is assembled, and a 

minimum vacuum of 75 mm (3 in.) Hg absolute pressure is produced 

in each flask with the flask valve in the "evacuation" position. 

The vacuum should be held for at least 1 min with the pump valve 

in the "vent" position without appreciable fluctuation (<10 mm 

(0.4 in.) Hg); if this is not possible, check for leaks. 

If the leak check of the probe is to be performed using the 

same setup, the probe tip should be plugged with a rubber stop­

per. Immediately after the sample flask has been determined to 

be leak free, turn the flask valve to the "purge" position. The 

vacuum will initially drop. After the vacuum stabilizes there 

should not be any appreciable fluctuation--that is �10 mm (0.4

in.) Hg over a 1-min perio_d. If stabilization is not obtained, 

check for leaks and correct. 

3.2 Reagents 

Unless otherwise indicated, it is intended that all reagents 

conform to the specifications established by the Committee on 

Analytical Reagents of the American Chemical Society (ACS), where 
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such specifications are available; otherwise, use the best avail­

able grade. 

Chloride is an interference in the phenoldisulfonic acid 

method because even rather low concentrations of chloride result 

in nitrate losses. It is important that the chloride content be 

reduced to a minimum, preferably below 10 mg/t. 

3.2.l Sampling - The absorbing reagent is prepared by adding 2.8 

ml of concentrated sulfuric acid (H2so4) to l t of deionized

distilled water. Mix well, and add 6 ml of 3% hydrogen peroxide 

(H2o2). Prepare a fresh absorbing solution weekly, store in a

dark-colored pyrex container, and do not expose to extreme heat 

or direct sunlight. If the reagent must be shipped to the field 

site, it is advisable that the absorbing reagent be prepared 

fresh on site. 

3.2.2 Sample Recovery - A sodium hydroxide solution (NaOH) is 

prepared by dissolving 40 g NaOH in distilled water and diluting 

to l t. This solution can be transferred to a polyethylene 

1000-ml (32-oz) jar for shipment. Deionized distilled water and 

pH paper-are required to test for basicity and for transferral of 

. samples. 

3.2.3 Analysis - The following reagents are needed for analysis 

and standardization: 

Fuming sulfuric acid - 15% to 18% (by weight) free sulfur 

trioxide (SO3).

Phenol - White solid ACS reagent grade. 

Sulfuric acid - Concentrated = reagent, 95% minimum assay,

ACS reagent grade. 

Standard solution - Dissolve 2.198 g of· dried potassium 

nitrate ---(KNO3) ACS reagent grade in distilled water, and dilute

to 1 t in a volumetric flask. For the working standard solution, 

pipette 10 ml of the resulting solution into a 100-ml volumetric 

flask and.,. dilute .to the mark. Note: One• ml of_ �e .·working 

standard .. solution is equivalent to 100. µg .of nitrogen dioxide. 
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Phenoldisulfonic acid solution - Dissolve 25 g of pure white 
phenol (no discoloration) in 150 ml of concentrated sulfuric acid 
on a steam bath. Cool. Add 75 ml of fuming sulfuric acid, and 
heat at 100° C (212°F) on a steam bath for 2 h. Store in a dark 
stoppered bottle. This acid may also be purchased if it meets 
the American Public Health Association specification for nitrate­
nitrogen in water. 
3.3 Packing Equipment for Shipment 

Equipment should.be packed in rigid containers to protect it 
against rough handling during shipping and field operations (not 
mandatory). 

3.3.l Probe - Pack the probe in a case protected by polyethylene 
foam or other suitable pac�ing material. An ideal container is a 
wooden case (or the equivalent) lined with foam material in which 
separate compartments are cut to hold the individual devices. 
This case can also contain a Pitot tube for velocity determina-

; tions. The case should have handles that can withstand hoisting 
and should be rigid enough to prevent bending or twisting of the 
devices during shipping and handling. 
3 .3 .2 Collection Flask and Valve - The collection flasks and 
valves should be packed securely in a suitable shipping con­
tainer. An ideal container is a case or footlocker of approxi­
mately the following dimensions: 30 in. x 15 in. x 15 in. This 
container, when lined with foam, wi1·1 accommodate eight collec­
tion flasks with the appropriate mated flask valves. 
3.3.3 Evacuation System, Temperature Gauges, Vacuum Lines,and 

Reagents - A sturdy case lined with . foam material can 
contain the evacuation manifold, squeeze bulb, manometer, and 
reagents for sample recovery. Special care should be taken with 
mercury U-tube manometers to avoid any spillages. 
3. 3. 4 Evacuation Pump - The vacuum pump should be packed in a
shipping container unless its housing is sufficient. for travel:
Additional pump oil and oiler jar should be packed with the pump
if oil is required for its operation.
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3. 3. 5 Glass Storage Containers - All glass storage containers

must be packed with cushion material at the top and bottom of the

case, and with some form of dividers to separate the components •
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Table 3.1. ACTIVITY MATRIX FOR PRESAMPLING PREPARATION

Characteristic Acceptance limits 

Apparatus Check 

Probe 1. Clean; glass liner
inert to oxides of ni­
trogen

Frequency and method 
of measurement 

Action if 
requirements 
are not met 

1. Before each test Hust be re­
placed 

2. Heating properly if 2. As above
equipped with heating

Collection 
flask 

Evacuation 
system 

Absorbing 
Reagents 

system

3. Leak free

Clean; volume within 
+10 ml

Vacuum of 75 mm (3 in.) 
Hg absolute pressure 
in each flask; leakage 
rate <10 mm (0.4 in.) 
Hg/min 

Sulfuric acid, 2.8 ml/£ 
concentrated 

Hydrogen perox- 6 ml/! 
ide, 3% 

(continued) 

3. Pressure <380 mm
(15 in.) Hg

Before each test, 
clean with strong de­
tergent and hot wa­
ter and rinse with 
tap and deionized dis­
tilled water; periodi­
cally clean with 
grease remover 

Repeat cleans-· 
ing of flaz!:t 
and/or measure 
volume 

Before each test, Correct leaks 
check for leaks using 
Hg-filled U-tube man-
ometer 

Prepare fresh absorb­
ing solution weekly; 
use graduated pipette 

As above 

Kake up new 
solution 

As above 
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Table 3.1. (continued) 

Characteristic 

Sample Recovery 
Reagents 

Sodium hydrox­
ide 

Water 

Analytical 
Reagent 

Potassium 
nitrate 

Phenoldisul­
fonic acid 
solution 

Acceptance limits 

40 g ACS reagent grade 
NaOH in a 1-R. 
volumetric flask 
(Class A) 

Deionized distilled 
to ASTM specifications 
Dll 93-82, Type 3 

2.198 !0,001 g KN0
3ACS reagent grade 

into a 1-t volumetric 
flask (Class A) 

25 g white phenol 
ACS reagent grade in 
150-ml concentrated 
cylinder (Class A) 

75 ml fuming sul­
furic acid 
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Frequency and method 
of measurement 

Action if 
requirements 
are not met 

On makeup of solution, As.above 
use triple-beam bal-
ance and Class A 
volumetric flask 

Prepare 
fresh for 
each analy­
sis period 

On makeup of solution, Purchase new 
use analytical bal- solution 
ance 

On makeup of solution, 
use triple-beam bal­
ance and graduated 
cylinder 

Make up new 
solution. 

On makeup of solution, As above 
graduated cylinder 
(Class A) 
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The on-site measurement activities includ� transporting the 

equipment to the test site, unpacking and assembling the equip­

ment, confirming duct measurements and traverse points (if volu­

metric flow rate is to be determined), velocity traverse, molec­

ular weight determination of the stack_ gas, moisture content, 

sampling for oxides of nitrogen, and data recording. Table 4.1 

at the end of this section summarizes the quality assurance 

activities relative to on-site measurements. 

4.1 Transport of·Eguipment to.the Sampling· Site 

The most efficient means of transporting or 

equipment from • ground level to the sampling site 

moving the 

(as decided 

during the preliminary site visit) should be used to place the 

�quipment on site. Care should always be . exercised against 

damage to the test equipment or injury to test personnel during 

-the ·moving phase. A "laboratory" type area should be designated

for preparation of absorbing reagent and charging of the flasks.

An acceptable alternative· is to charge the flasks in the home

laboratory. Utilization of plant personnel or equipment (winches

and forklifts) in movement of the sampling gear is highly recom­

mended.

4. 2 Preliminary Measurements and setup .. :
The Reference Method outlines the determination of the 

concentration of oxides . of nitrogen in the gas stream. The 

volumetric flow rate ' must be determined .utilizing Method 2, 

Section ,-3 • l, and Method 4, :Section . 3. 3 of - this Handbook so that 

mass emission rate may be determined.

4·;3 Sampling

•:·. ='•:The -:on-site sampling includes·. preparation and/or ·addition of 

the ·absorbing reagent. to collection flasks (if not· performed at 

home .. ; laboratory), setup of the· evacuation . system,· connection 
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of the electric service, preparation of the probe (leak check and 

addition of particulate filter), insertion of probe into the 

stack, purging of the probe, sealing of the port, evacuation of 

flasks, sampling and recording of the data, and a final leak 
check. In addition, EPA Reference Methods 1, 2, 3, and/or 4 may 
have to be performed simultaneously with Method 7. This will be 

specified by the applicable regulation, and the applicable refer­
ence method should be followed. 
4.3.l Preparation and/or Addition of Absorbing Reagent 

to Collection Flasks - If preparation of absorbing reagent 

is necessary on site, follow directions given in Section 3.6.3. 
Pipette exactly 25 ml of absorbing reagent into the sample flask. 

Place a properly lubricated flask valve into the collection flask 

with the valve turned in the "purge" position. Lubrication of 

joints is intended to prevent leaks and should not seal the bore 
of the stopcock or contaminate the sample. 
4.3.2 Assembling Sampling Train - Assemble the sampling train as 

shown in Figure 1.1 and perform the following: 

1. Visually check probe for liner separation (cracks,
etc.). 

2. Place a loosely packed filter of glass or quartz wool

in the inlet end of the probe to trap any particulates. 
3. Insert the probe into the stack to the sampling point,

and seal the opening around the probe. 

4.3.3 Evacuation, Purge, and Sampling - A sample is taken as 
follows: 

1. · Turn the pump and flask valves to the "evacuate" posi;_

tions and evacuate to a ·minimum of 75 mm (3 in.) Hg absolute 

pressure or until the apparent boiling point is reached (bubbling 

of absorbing solution). 
2. Turn the pump valve to the "vent" position, turn off

the pump and check the manometer for fluctuations. The manometer 

should stay stable (maximum deviation �10 mm (0.4 in.) Hg) for at 

least 1 minute. If the . mercury level changes, check fo·r leaks 
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and eliminate the problem. Pressure in the flask . should be 
<75 mm (3 in.) Hg absolute when sampling is commenced. 

3. Record the volume of the flask and valve (VF), the
flask temperature (ti)' and the barometric pressure (Pbar> on a

data form ( see Figure 4. lA or 4. lB) or in a field laboratory 
notebook. 

4. Turn the flask valve counterclockwise to the "purge"
position. 

5. Turn the pump valve to the "purge" position.
6. Purge the probe and the vacuum line using the one-way

squeeze bulb. 
7. If �ondensation occurs in the probe or the flask valve,

heat the probe until (upon purging) the ·condensation disappears. 
8. Turn the pump valve to the "vent" position.
9. Turn the· flask valve clockwise to its ".evacuate" posi­

tion, and record the difference in the mercury levels in the 
manometer. The absolute internal pressure in the flask (Pi) is
equal to the barometric pressure less the manometer reading {Leg 
A and Leg B}. 

10. Immediately turn the flask valve to the sample posi-
tion, and permit the gas to enter the flask until pressures in 
the flask and sample line (i.e., duct, stack) are equal. This 
will usually require about 15 s; a longer period indicates a 
11plug 11 in the probe, which must be corrected before sampling is 
continued. 

11. After collecting the sample, turn the. flask valve to
its "purge II position .. 

12. Disconnect the· flask and valve from·the sampling train
and shake the flask for at least 5 min.· 
4.3.4 Chemical Reactions of Sample Collection - _If the gas being 
sampled contains insufficient-oxygen for the conversion of NO .to 
NO

2 
(e.g. , an applicable subpart of .the stan��-d. may require

taking a sample of a calibration gas mixture_. of 'NO ·'in N
2

), :then
oxygen should be introduced into the flask to permit this 
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Operator·_·_· ______________ _ 
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Date .;)l�l/17 
Barometric pressure (P bar) .t, .14 in. Hg

Initial pressure 
Sample Sample Probe Flask of flask in. Hg Initial temperature 
point time tempsrature, and valve and valve (VF),

location 24-hr F number ml Leg Ai Leg Bi P 
a 

i 
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Figure 4.lA. Nitrogen oxide field data form (English units). 
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.. 
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Probe Flask 

temperature, and valveoc number 

100 ?2-13 

too 'Pf •I•

,oo Pt:-!, .. 
'· 

,' 

' 

Volume 

City Ac""'&, Oh�o 
Date .:> l').q I,,
Barometric preeaure (P bar) ,oc.,.:). nm Hg

Initial pressure 
of flask mmllg Initial temperature 

and valve (VF),
P a oc (ti)

OK (T )b 
ml Leg Ai Leg Bi i i 

;o,3 3,� ,.,, .,. 'l.. ��.). ;l qa · ').. 

�o,o i,3 n,.5 tt.., �I.).. � �"'· ::l..

">009 �-n..s ,-.o ,-,., �3.5 �<ifo.S 

Figure 4.lB. Nitrogen oxide field data form (metric units). 
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conversion. Oxygen may be introduced into the flask by one of 
three methods: ( 1) Before evacuating the sampling flask, flush 
with pure cylinder oxygen, and then evacuate flask to 75 mm (3.0

in.) Hg absolute pressure or less; or (2) inject oxygen into the 
flask after sampling; or (3) terminate sampling with a minimum of 
50 mm (2. 0 in.) Hg vacuum remaining in the flask, record this 
final pressure, and then vent the flask to the atmosphere until 
the flask pressure is almost equal to atmospheric pressure. 

Chemical' reactions which occur during sampling adsorbtion 
are: 

NO sample: 
NO2 sample:
NO sample: 

NO+ H2o2 ➔ NO2 + H2 o ➔ 2NO2 + H2 o2;➔ 2BNO3•
2NO2+ H2 o2 ➔ 2HNO3.
(2NO) gaseous+ o2 ➔ 2NO2 + H2 o2 ➔ 2HNO3.

4.4 Sample Recovery 
The Reference Method requires a minimum sample absorption 

period of 16 h in the flask. If the laboratory is close by, the 
sample may be left in the flasks for return to the laboratory. 
Otherwise, the appropriate data may be taken in the field, solu­
tions made alkaline and transferred to leak-free polyethylene 
bottles after the required absorption period. 
4.4.1 Flask Pressure, Temperature, and Barometric Pressure 
After the absorption period is completed (�16 h), record the 
barometric pressure and the room temperature ( final temperature 
(tf) on the integrity data forms (Figures 4.2A or 4.2B.)

1. Shake the flask and contents for 2 min.
2. Connect the flask to a mercury-filled u-tube manometer.
3. Open the valve from the flask to the manometer and

record the flask temperature ( tf), the barometric pressure, and
the difference between the mercury levels in the manometer (Leg A 
and Leg B). The absolute internal pressure in _the flask (Pf) is
the barometric pressure less the manometer reading. 

4. Transfer the contents of the flask to a leak-free
polyethylene bottle. 
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Plant ftc.M«t- �oi:>er s>lo..,o,.± Date ___ ..xa,:;...,..)..,.l.,_t..1./_,_1_,1 _____ _ 
Sample recovery personnel ::S,'Wt,aceP b Barometric pressure, (Pb ) A9, i61. ar 
Person with direct responsibility for recovered samples p. Q.o.)C

Final·· pressure, 
in. Hg Final temperature, 

Sample a oR (T ) bnumber Leg Af Leg Bf pf
OF (tf) f 

ft P· I· 
. 1.' o.& :r,.-,., ,� S33 

�p-). ,. � o.t �-,:t'f ;� Sl� 

ftP.l �-0 J. 0 �:9&f "1� ,�� 

0 
Pf • Pbar - (A£ + Bf). Tf • tf + 460 F 

Sample 
recovery pH 

time, adjuated 
24-h 9 to 12 

,�a� .,,,,,. 

1 2, l.f l> ✓ 

1"4 IS' ✓ 

Liquid 
level 
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� 

✓ 

v 

Lab person with direct responsibility for recovered samples G. Fo�·h!t

Dat� recovered samples received 3/c '77 Analyst ;r "rn,c,rg-.t,
All :samples identifiable? 'le:, All liquids at marked level? :ye,
Remarks-----------------------------
Signature of lab sample truatee _.s.;;C,

11:«;ci:0�'5'-'"i:..-.1.1f:os#r
Ya;i..5ill:;_ __________ _ 

Figure 4.2A. NO
x 

sample recovery and integrity 
(!ngli1h units). 

data form 

in. Hg 

Samples 
stored 

in locked 
container 

✓

✓ 



Date __ :.., ___ 1 .. "'LL'...:.) ...... 1�1&.-------

Sample recovery personnel:,: 'n).o•!J>-1' Barometric pressure, (Pbar) -, S 'i' 
Person with direct responsibility for recovered samples p, Ro f>f 

Final pressure, Sample 
1IDD Hg Final temperature, recovery ·PH Liquid 

Sample 
oc (tf) 

time, adjusted level 
number· Leg Af Leg Bf pf K (Tf) 24-h 9 to 12 marked 

� \>• l "f o. � IS·� '"10� aa., &\'f S. 1 ti&\� ✓ ✓ 
ft J>•). 30.6' •o. '?, 10'l a.a.>. i..tf $. � ,;�o ,,I' ✓ 

�P·l SO, it ,s. '4 5>9, • •· "! � ctS. i ' '!. .., 1 ✓ .,...

.. 

I 

0 

pf • pbar - (Af + Bf). Tf ., tf + 273 C • 
Lab person with_ direct· resp�sibility for recovered-samples (z. Eo:s.±er
Da�e recovered s�les .r•ceived. 3 /� _h, Analyst ::y: 1»4ce<V' 
All samples identifiable_? "'/,:, $ All liquids at marked level? y ts

Remarks 
' 

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

Signature of lab•��• truatea __ t,..,�_e.uo&,1«5..,iC-.. _ _..6"""0 ... sa..1&.11.f!..ir'-----------

Figure 4�2B. N�x- s�_ie: recovery and integrity data form
(metric uni ts) • 

nm Hg 

Samples 
stored 

in locked 
container 

v 

✓ 

-
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5. Rinse the flask three times with 5-ml portions of
deionized distilled water, and add the rinse water to the bottle. 

6. Adjust the pH to between 9 and 12 by adding sodium
hydroxide (lN) dropwise (about 25 to 35 drops). Check the pH by 
dipping a stirring rod into the solution and then touching the 
rod to the pH test paper. Remove as little material as possible 
during this step. The pH adjustment is mandatory. The NaOH 
changes the sample, which is in the form of HN03, to NaN03 • If
the pH is not adjusted, the HN0

3 
will be liberated during the 

evaporation phase of analysis. 
4.5 Sample Logistics (Data) and Packing of Equipment 

The above-procedures are followed until the required number 
of runs are completed. Log all data on the form shown in Figure 
4.2 A or 4.2.B 

1. Check all sample containers for proper labeling (ti.me,
date, location, number of test, and any pertinent documentation). 
Be sure that a blank has been taken. 

2. Record all data collected during the ... field test and
duplicate by the best means available. one set of data should be 
mailed to the �ase laboratory, or given to another team member or 
to the Agency; the original data should be hand carried. 

3 . Examine all sample containers and sampling equipment for 
damage, and pack them properly for shipment to the ·base labora­
tory. All shipping containers should be . properly _ labeled to 
prevent loss of samples or equipment. 

4. T.he sampling procedures can be reviewed after testing.or
during the .testing using .an on site measurement checklist . .{Figure 

4. 3).
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Sampling 

Volume of 25 ml of absorbing solution placed in flask? 

Flask valve stopper in purge position? 

Sampling train properly assembled? 

Leak free?* 

Type? 

✓ Stopcock grease used? 

c- zs '-lo 

V 

v 

v

Flask evacuated to 75 mm (3 in.) Hg pressure? ✓ 

Leakage from manometer observation?* O.J/r,1 ,·,v 
(e.g., maximum change in manometer of <10 mm (0.4 in.) 

Hg/min) 

Initial pressure of flask recorded?* 

Initial temperature of flask recorded? 

Probe purged before sampling? v 
----...a....-----------

S ample collected properly?* v 
-----------------

Flask shaken for 5 min after 
from train?* 

collection and disassembly 
✓ 

__ Jtl,�/4�/i.-._ Method used? Oxygen introduced to flask? 

Samples properly labeled and 

/-1As£s 

Sample Recovery 

sealed and stored for shipment? 

/,q/;£ /(;,d 

Samples allowed to remain in flasks for minimum of 16 h?* 

✓ 

Final flask temperature and pressure recorded?* 

Sample transferred to leak-free polyethylene bottle? 

Flask rinsed twice with 5-ml portions of distilled water 
and rinse added to bottle containing sample? � 

pH adjusted to between 9 and 12?* ✓ 

* Most significant items/parameters to be checked.

Figure 4.3. on-site measurements. 
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Table 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS 

Characteristic 

Apparatus 
assembly 

Operational 
check 

Acceptance limits 

Assemble using Fig. 
1.1; no leakage 

Maximum vacuum of 
75 mm (3 in.) Hg abso­
lute pressure 

Leakage rate <10 mm 
(0.4 in.) Hg/min 

Shake flask for 5 min 

Sample recovery Let flask set for a 
minimum of 16 h 

Sample logis­
tics 

Shake flask for 2 min 

Determine flask pres­
sure and temperature 

Adjust pH of sample to 
9-12 with NaOH

Mark sample level on 
container 

Record data on data 
form (Fig. 4.2)

Properly label all 
containers, etc 

Record all data on 
field data forms 
(Fig. 4.1 and Fig. 
4.2) 

Frequency and method 
of measurement 

Before sample collec­
tion, visually and 
physically inspect 
all connections 

Before sample 
collection, use Hg­
filled U-tube man­
ometer 

As above 

During each sample 
collection, use 
manometer, centigrade 
thermometer, and pH 
paper 

Visually check 
each sample 

As above 

Action if 
requirements 
are not met 

Check for 
leaks; repair 
system; repair 
test 

Check system 
for leaks; 
check vacuum 
pump 

Check all 
joints and 
valves for 
source of 
leakage 

Reject 
sample, re­
run test 

Complete the 
labeling 

Complete the 
data records 
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Table 5 .1 at the end of this section summarizes the quality 
assurance activities for sample analysis. If the laboratory 
receives the samples in the sample flask, laboratory personnel 
will have to complete the sample recovery procedures previously 
explained in Section 3.6.4. 
5.1 Procedures For Operating a Spectrophotometer 

The correct manipulations of blanks and sample cells are 
critical. careless technique is unacceptable. The following 
points are recommended and should be adhered to. 

1. Designate the cuvettes as either a blank or a sample
cell. Do not interchange the cells during an analysis because 
they are not always matched. 

2 . Do not touch the bottom of the cuvette with your fin-
gers. 

3. Rinse the cuvette at least twice with the solution you
are about to measure. 

4. Remove lint, liquid 1 and so forth with a lens tissue or
its equivalent. 
5.2 Base Laboratory (Analysis) 
S. 2 .1 Check of Field Sample lntegri ty - If the field samp1es
have been shipped in sample containers, be sure that all samples
are identifiable · and that the liquid level of each is at its

. . 

mark. If a sample is not identifiable or if a loss of liquid is 
detected, not� it on the data fo�, as shown in Fi_gures 4�2A and
4. 2B. When ·a notice�"ie �ount of leakage has occurred, use an
alternative method, sliliject. to-· the, approval of th� administrator,

. � . 

to correct the final value; approval should have.been requested
prior to testing. Ari alternative.method is as follows:

1. Mark the new level of the sample.
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2. Transfer the sample to a SO-ml volumetric flask, along
with two 5-ml deionized distilled water rinsings of the con­
tainer. 

3. Add water to the sample storage container to the init-
ial sample mark, and measure the initial sample volume (Vsoln.)1 in ml. 

4. Add water to the sample storage container to the mark
of the transferred sample, and measure the final volume (Vsoln) 
in ml. 

5. If (Vsoln ·) f 
<Vsoln.' correct the sample volume

1 

(V601n> by using Equation 5-1.

- r vsolnil .

where 

vsoln' 
= 

Vsoln 
= 

vsolni 
= 

vsoln 
= 

f 

vsoln' - vsoln 
l

v 1 . . so nf 

Equation 5-1

sample volume to be used for the calculationsr ml, 

total volume of solution in which the sulfur
dioxide is contained, ml, 
initial sample volume placed in storage container,
ml, and 
final sample volume removed from storage con­
tainer, ml. 

6. Both the corrected and uncorrected values should be 
• I: 

submitted in the test report to the Agency. 
5.2.2 Control Samples and working standards Preparation - The 

�ccuracy and precision of the. analy-:t,ical te�hnigue can be 
determined with control samples. For analysts that are unfamil-

-- ,, ;· . 

iar with these procedures it is recommended that acceptable 
accur.acy �d pr�cision. be demonstrated with the workin� solu�ion 
prior to, th� analysis -�f the field samples. This �rocedure may 

•� . .  , ••· � : 1 :•• • .•• I ' 

help the testi�g company . to detect aI1alytical errors prior to
. l ;. 
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sample analysis and thus prevent having to invalidate the field 

samples and to require a complete retest of the source. 

The control samples and the standard KN0
3 

solution should be 

prepared using the following procedure. 

1. Dry the potassium nitrate (KN0
3

) ACS reagent grade at 

105 ° to 110° C for a minimum of 2 h prior to the preparation of 

the control sample and the standard solution. 

2. Place a 2 g . Class-s weight on the balance. The 

balance must agree within ±2 mg of the Class-s standard weight. 

3. Cool and store KN03 in desiccator. Weigh and then 

dissolve 2.198 ±0.002 g of dried I<No3 in about 800 ml of

deionized distilled water in a 1-.2 volumetric flask (Class A). 

4. Dilute to the mark with deionized distilled water, and

label and date the.solution. 

5. Dilute 10.0 ml of the standard solution to the mark in

a 100-ml volumetric flask with deionized distilled water, and 

label as "control sample" for analysis. 

6. Weigh and then dissolve 2 .198 ±0. 002 g of dried KN03
in about 800 ml of deionized distilled water in a 1-.2 volu­

metric flask (Class A). 

7. Dilute to the mark with distilled deionized water, and

label and date as the standard KN0
3 solution.

8. Dilute 10. O ml of the standard KN0
3 

solution to the 

mark-in a 100-ml volumetric flask with deionized distilled water, 

and label as "working standard KN0
3 

solution" for analysis. 

9. Pipette O. 0, 2-. 0, . 4. 0, 6 .O, and 8. O ml of the working

standard KN0
3 

solution into five 50-ml volumetric flasks. 

10. Pipette 2. o, 4. O, and 6. O ml of the control sample

into another set of 50-ml volumetric flasks. 

11. Add 25 ml of absorbing solution, 10 ml of deionized

distilled water, and then sodium hydroxide (lN) dropwise to each 

of the eight flasks ·until the pH is between 9 and 12 (about 25 to 

35 drops each). Ch�ck for alkalinity by touching a glass rod 

first to the solution and then to pH paper. Note: The pH check 

is mandatory. 
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12. Dilute to the mark with deionized distilled water, and

mix thoroughly. 

5.2.3 Analysis of Control Samples, Standard Solutions, and 

Field Samples - The analysis of the samples has a time-dependent 

color change. To provide an estimate of the accuracy and preci­

sion of the analysis, the control sample is analyzed at the same 

time as the field sample. The standard solutions, field samples, 

and control samples should be analyzed in the following manner. 

1. Pipette a 25-ml aliquot of each solution into a separ­

ate porcelain evaporating dish. 

2. Evaporate the solutions (standards, field samples, and

control samples) to dryness on a steam bath and then cool. Note: 

Do not evaporate on a hot plate or in an oven unless it is 

thermostatically controlled. below 70 ° C (160°F). Remove samples 

from steam bath just before complete dryness is reached (the 

bottom of the dish should be covered with a smooth film), so 

that the last droplet evaporates as the dishes cool. 

3. Add 2. o ml · of phenoldisulfonic acid reagent to each

dried .residue and either mix thoroughly with a polyethylene 

policeman or let the solution stand for 5 min. 

4. Add 1.0 ml of deionized distilled water and four drops

of concentrated sulfuric acid, and then heat the solution on a 

steam bath for 3 min with occasional stirring. 

5. Cool. Add 20 ml of deionized distilled water, and mix

well by stirring. 

6. Add concentrated ammonium hydroxide dropwise ( a 50-ml

burette is suggested) with constant stirring until the pH is 10, 

as determined either by pH paper or by the first yellow color 

that does not fade. 

7. Transfer directly to a 100-ml volumetric flask if the

sample does . not contain solids. Rinse the evaporating dish with 

at least . three 5-ml portions of deionized distilled · water, and 

then add the washings to the contents of the flask. 
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8. Remove any solids from the sample by filtering the
sample through a Whatrnan No. 41 filter paper into a 100-ml volu­
metric flask; rinse each evaporating dish with three 5-ml por­
tions of deionized distilled water; filter these 
three rinses. Wash the filter with at least three 15-ml portions 
of deionized distilled water, and then add the filter washings to 
the contents of the volumetric flask. 

9. Dilute to the 100-ml mark with deionized distilled
water and mix the contents of the flask thoroughly. 

10. Measure the absorbance of the standard solutions at
the optimum wavelength, using the blank solution as a zero 
reference. Note: The flasks should not sit in warm or light 
areas for very long before analysis because precipitates may 
form. 

11. Record the standard solutions and control sample data
on Figure 5.1 or similar form. 

12. Read the absorbance of the field samples from Run 1 and
then one of the control samples; Run 2 and another contro1
sample; and Run 3 and the last control sample. 

13. If the absorbance reading of any field 'sample is
greater than the absorbance reading of the standard sample A

4 (the absorbance of the 400 µg NO2 standard), then dilute the
sample and the blank with equal volwnes of deionized distilled 
water using pipettes to get ratios of 25/5, 25/10, and so forth. 

14. Record all field sample analysis data as shown in
Figure 5.2, and cal�ulate the mass (rn) of NOx for each sample as
µg of NO2.

15. Perform the calculations and the accuracy checks of the
three control samples as shown in Figure 5.1. It is recommended 
that the agreement for each control sample be within ±15%. The 
standard solution and control sample �alytical. form should be 
included in the emission test report . as a documentation of the 
analytical accuracy. This accuracy limit of ±15% for intra­
laboratory control samples is recommended based on the control 
limit of ±20% for interlaboratory audit results discussed in 
Section 3.6.8. 



Plant AC,ml, 'PPwER 2< Q,,IT 

Analyst :T. ff>orj40

Blank used as reference? 
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Date 3-3-77

Optimum wavelength 4
(

)8 nm 

Measured, Calculated Absorbance 
Sample Sample, Working Control absorbance, absorbance, a comparigon 
number µg solution sample OD OD error, % 

b 

Al 100 X ·  
0. /'JA. - -

A2 200 X I). 380 - -

A3 300 X o.s-1,0
- -

A4 400 X 
/'}. 7 70 

- -

Sl 100 X 0;19D O.FII - o. 5

S2 200 X o.3Bt t>.!:13 I o.o
S3 300 X 

0.$?0 iJ,5?/ -o.z

Avg
c 

O. 2.

Absorbance comparison errors: 

% = 100 x [(measured absorbance, OD) - (calculated absorbance, OD)l.
calculated absorbance, OD J 

C Average of absolute values. 

Figure 5.1. Standard solution and control sample 
analytical data form. 
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Plant Ac.ml �EB ';)LAN[ 

Date samples received .!.>/L/77 

Aliquot factor 1-
---------
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Run number ( s) A ?- / 7H RO(.)(.H AP-1 2. 

Date analyzed 3/;3/27 

Samples analyzed by J', N1'¥oAl1 

Blank absorbance VSU) AS At>tl{{ftCt, Date reviewed by T. :5fAV'eAC

Calibration factor (Kc) .Sl-8 Date of review .3/5/11 

Sample Dilution Total mass of NOx Sample absorbance, factor, as N02 in sample, 
number A F m 

AP- I o. 7 L/?, /.D 113"-/ 
AP-l.. ·o. l, !J I /. D le,li:, '6 
,ct?-.5 D. '-I S-0 �-D 9s-o 

m = 2 K AF, Note: If other than a 25 ml aliquot is used for 
analysis, the factor 2 must be replaced by a corresponding 
factor. 

Figure 5.2 NOX laboratory data form .
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16. When the above criteria cannot be met, it is recom-

mended that the analytical techniques be checked and then the 

field sample and control sample analysis be repeated using a 

20.0-ml aliquot of the remaining field samples. 

17. The main parameters of the analytical procedures may

be checked during or after the analysis, using a posttest 

operations form (Figure 5.3). 
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Reagents 

Phenoldisulfonic acid stored in dark stoppered bottle? 
Sulfuric acid, concentrated, 95% minimum assay reagent 

grade? 
Ammonium hydroxide, concentrated reagent grade? 

Sample Preparation 

Bas liquid level noticeably changed?* /Vo 
Original volume Corrected volume -------

Analysis 

Spectrophotometer calibrated?*------"'✓--.....,..------­
Setting for maxi.mum absorbance of standard 4/:D 8
Control sample prepared?* ✓

nm 

Any solids in sample removed through Whatma�/?�· 41 filter
paper? IV µ-r 

Absorbance measured at optimum wavelength used for the stand­
ards, using the blank solution as a zero reference? v 

All analytical data recorded on checklist and laboratory form? 

* Most significant items/parameters to be checked.

Figure 5.3. Posttest operations. 
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Table 5.1. ACTIVITY MATRIX FOR SAMPLE ANALYSIS 

Characteristic 

Control sample 
analysis 

(recommended) 

Field sample 
analysis 

Data recording 

Acceptance limits 

Agree within IS% of 
the working standards 
for each sample 

No sample volume lost, 
or final results 
corrected 

Working standard 
analyzed simultaneous­
ly with field sample 

No absorbance readings 
outside working 
standard solution 
concentration 

All pertinent data 
recorded on Figs. 5.1 
and 5.2 

Frequency and method 
of measurement 

Action if 
requirements 
are not met 

Compare control sample Redo field 
analysis to working and control 
standards analysis samples and/ 

or seek 
assistance 
with analyti­
cal technique 

Compare liquid level 
to mark before 
analysis 

Use same solutions 
and techniques used 
for control samples 

Void sample 

As above 

Dilute sample and Dilute and 
blank with equal reanalyze 
amounts of deionized . 
distilled water 

Visually check Supply missing 
data 
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6.0 CALCULATIONS 

Calculation errors due to procedural or mathematical mis­
takes can be a large component of total system error. Therefore, 

it is recommended that each set of calculations be repeated or 

spot-checked, preferably by a team member other than the one who 

performed the original calculations. If a difference greater 

than typical round-off error is detected, the calculations should 

be checked step-by-step until the source of error is found and 
corrected. A computer program is advantageous in reducing calcu­

lation errors. If a standardized computer program is used, the 

original data entry should be checked, and if differences are 

observed, a new computer run should be made. Table 6 .1 at the 

end of this section summarizes the quality assurance activities 

for calculations. 

Calculations should be carried out at least one extra deci­

mal figure beyond that of the acquired data and should be rounded 

after final calculation to two significant digits for each run or 

sample. All rounding of numbers should be performed in accord­

ance with the ASTM 380-76 procedures. All calculations are then 
recorded on a form such as the one in Figure 6.lA or 6.lB, fol­
lowing the nomenclature list. 

6.1 Nomenclature 

The following nomenclature is used in the calculations. 
A = 

C = 

F = 

m = 

Absorbance of sample. 

Concentration of NO as No
2, dry basis, corrected

to standard conditi�ns, mg;dscm (lb/dscf). 

Dilution factor (i.e., 25/5, 25/10, etc.) required 
only if sample dilution was needed to reduce the 
absorbance to the range of calibration. 

Spectrophotometer calibration factor. 

Mass of NOx as N02 in gas sample, µg.



pf 
P. 

Pstd 

Tf 
T. 

Tstd 

vsc 

= 

= 

= 

= 

= 

= 

= 
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Final absolute pressure of flask, mm (in.) Hg. 

Initial absolute pressure of flask, mm (in.) Hg. 

Standard absolute pressure, 760 mm (29.92 in.) Hg 

Final absolute temperature of flask, K ( QR). 

Initial abs·olute temperature of flask, K ( QR}. 

Standard absolute temperature, 293K (528 Q R). 

Sample volume at standard conditions, dry basis, 
ml. 

Vf = Volume of flask and valve, ml. 

Va = Volume of absorbing solution, 25 ml. 

6.2 Calculations 

The following are the equations used with example calcula­
tion forms Figures 6. lA and 6. lB to calculate the concentration 
of nitrogen oxides. 
6.2.l Sample Volume - Calculate the sample volume on a dry basis 
at standard conditions (760 mm (29.92 in.) Hg and 293K (528 °R)) 
by using the following equation. 

vsc = 

where 

0.3858 

K
1 

= 17.64 

mm Hg for metric units, or

Hg for English units.in. 

Equation 6-1 
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6.2.2 Total 1-19 of No
2 Per Sample - Calculate the total µg of N02

per sample by using Equation 6-2. 

Equation 6-2 

where 

2 = 50/25, the aliquot factor (if other than a 
25-ml aliquot was used for analysis, the
corresponding factor must be substituted).

6.2.3 Sample Concentration - Calculate the sample concentration 

on a dry basis at standard conditions using Equation 6-3. 

Equation 6-3 

where 

� mgLm3

K2 = 10 µg/ml for metric units, or

K2 
= 6.243 X 10-S lbLscf for English units.µg/ml 



Sample Volume 

V sc = 17 • 64 ( V f - 2 5 ) [: ! - : � = L '.!. fi Q ml

Total µg N02 Per Sample

Kc = _s � 8., A = Q_.']_ ':!:. E OD, F = _ .!..·!2 o

Sample Concentration 
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Equation 6-1 

Equation 6.2 

Figure 6.lA. Nitrogen oxide calculation form 
(English units). 
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Sample Volume 

Total µg N02 Per Sample 

Kc = _ S 2. t. , A = 0. 1 'f:. � OD, F = _ 1 · () Q

Sample Concentration 

c - 103 

[ 
m, � = o. !:/ 1: J, x 103 mg/dscf.-

vsc! J 
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Equation 6-1 

Equation 6-2 

Equation 6-3

Figure 6.lB. Nitrogen oxide calculation form 
( metric uni ts) . 
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Table 6.1 ACTIVITY MATRIX FOR CALCULATIONS 

Action if 
Frequency and method requirements 

Characteristic Acceptance limits of measurement are not met 

Sample volume All data available; For each sample, exam- Complete the 
calculation calculations correct ine the data form data or void 

within round-off error the sample 

Sample mass As above As above As above 
calculation 

Sample concen- As above As above As above 
tration 

Calculation Original and check For each sample, per- Check and 
check calculations, agree form independent cal- correct 

within round-off 'error culation using data all data 
on Figs. 4.1, 4.2, and

4.3 

Document and All data available; For each sample, exam- Complete the 
report re- calculations correct ine the data form data or void 
sults within round-off error the sample 
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7.0 MAINTENANCE 
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The normal use of emission-testing equipment subjects it to 

corrosive gases, extremes in temperature, vibration, and shock. 

Keeping the equipment in good operating order over an extended 

period of time requires knowledge of the equipment and a routine 

maintenance program which should be performed quarterly or upon 

improper functioning of the apparatus. It is suggested that the 

vacuum pump be disassembled and cleaned yearly. A summary of 

the components with maintenance procedures is presented in 

Table 7.1 at the end of this section. The following procedures 

are not required, but are recommended to increase the reliability 

of the equipment. 

7.1 Pumps 

Several types . of pumps are used in the present commercial 

sampling trains. The two · most common are the fiber vane pump 

with in-line oiler and the diaphragm pump. The fiber vane pump 

requires a periodic check of the oiler jar. The oil should be 

translucent. During the yearly disassembly or if the fiber vane 

pump starts to run erratically, the head should be removed and 

the. fiber_ vanes changed. The diaphragm pump will show a leak.

when the diaphragm needs changing. If the diaphragm pump runs 

erratically, it is usually due to a bad diaphragm (causing leak­

age) or to malfunctions in the valves. The valves should be 

cleaned annually by complete disassembly of the pump. 

7.2 Shipping Containers 

Since the majority of the sampling train is glassware, the 

shipping containers are very important for protection and safety. 

All shipping containers should be inspected quarterly for their 

condition, and repaired or modified to assure the safety of the 

equipment. 
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Table 7.1 ACTIVITY MATRIX FOR MAINTENANCE 

Action if 
Frequency and method requirements 

Apparatus Acceptance limits of measurement are not met 

Routine main- Proper functioning Perform routine main- Replace parts 
tenance tenance quarterly; as needed 

disassemble and clean 
yearly 

Fiber vane pump Oil translucent pump Check of oiler jar Replace as

leakless and capable periodically; remove needed 
of pulling a vacuum of head and change fiber 
less than 75 mm (3 in.) vanes 
Hg absolute pressure 

Diaphragm pump Leak free, valves func- Clean valves during Replace when 
tioning properly, and disassembly; replace leaking or 
capable of pulling a diaphragm as needed malfunctioning 
vacuum of <75 mm 
(3 in.) Hg absolute 
pressure. 

Shipping con- Protect equipment Inspect quarterly; Replace 
tainer from damage repair as needed 
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An audit is an independent assessment of data quality. In­
dependence is achieved if the individual(s) performing the audit 
and their standards and equipment are different from the regular 
field crew and their standards and equipment. In the case of a 
compliance test, the required performance audits will be 
conducted by the responsible enforcement agency. Routine quality 
assurance checks by a field team are necessary in generation of 
good quality data, but they are not part of the auditing 
procedure. Table 8.1 at the end of this section summarizes the 
quality assurance functions for auditing. 

Based on the results of collaborative tests2 • 3 • 4 of Method 7, 
two specific performance audits are recommended: 

1. Audit of the analytical phase of Method 7.

2� Audit of data processing for both Methods.

It is suggested that a systems audit be conducted as specified by 
the quality assurance coordinator, in addition to these perform­
ance audits. The two performance audits and the systems audit 
are described in detail in Subsections 8.1 and 8.2, respectively. 

8.1 Performance Audits 

Performance audits are generally made to quantitatively 
evaluate the quality of data produced by the total measurement 
system (sample collection, sample analysis, and data process­
ing). It is recommended that these audits be performed by the 
responsible control agency once during every enforcement source 
test. A source test for enforcement comprises a series of runs 
at one source. No performance audit is recommended at this time 
for the sampling phase. The performance audit of the analytical 
phase is subdivided into two steps: (1) a pretest audit which is 
optional, and (2) an audit during the field sampling and/or 
analysis phase which is required. 

8.1.1 Pretest Audit of Analytical Phase Using A�ueous Ammonium
Sulfate (Optional) - - The pretest audit escribed in this 

section can be used to determine the proficiency of the analyst 
and the standardization of solutions in the Method 7 analysis 
and should be performed at the discretion of the agency auditor, 
the laboratory supervisor, source test company, or quality 
assurance officer. The analytical phase of Method 7 can be 
audited with the use of aqueous potassium nitrate samples pro­
vided to the testing laboratory before the enforcement source 
test. Aqueous potassium nitrate samples may be prepared by the 
procedure described in Section 3.6.5 on control sample prep­
aration. 
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The pretest audit provides the opportunity for the testing 
laboratory to check the accuracy of its analytical procedure. 
This audit is especially recommended for a laboratory with little 
or no experience with the Method 7 analysis procedure described 
in this Handbook. 

To obtain pretest audit samples only, the testing laboratory 
should provide a notice 30 days prior to the time of the planned 
pretest audit to EPA's Environmental Monitoring Systems 
Laboratory, Quality Assurance Division, Source Branch, Mail Drop 
77A, Research Triangle Park, North Carolina 27711. This request 
for known quality control samples from the Source Branch is 
different from and does not satisfy the required 30 day notice to 
the applicable enforcement agency as to the intent to conduct a 
compliance test. The laboratory can prepare their own quality 
control sample. The testing laboratory supervisor or quality 
assurance officer can then check the precision and accuracy of 
the analytical system prior to a compliance test with the use of 
the known value samples. All problems indicated by the audit 
should be eliminated prior to the audit by the agency. 

The accuracy for . each of two samples should be within 10 
percent of true value. The relative. error (RE) is a measure of 
the bias of the analytical phase of Method 7. Calculate RE using 
Equation 8-1. 

where: 

Cd - ca RE = 
Ca 

Equation 8-1 
X 100 

= Determined audit sample concentration, mg/dsm3. 

= Actual audit sample concentration, mg/dsm3
•

8.1.2 Audit of Analytical Phase of the Field Test (Required) 
As stated in 40 CFR 60, Section 3.3 .9 (49 FR 26522, 06/27/84), 
the testing laboratory should provide the responsible 
agency/organization requesting the performance test with a 
notification of the intent to test 30 days prior to the 
enforcement source test. The responsible agency obtains the 
audit samples from the approp�iate EPA Regional Quality Assurance 
Coordinator shown in Tabl·e 5. 1 of Section 3. O. 5 of this 
Handbook. The responsible agency then provides the tes·ting 
l�boratory with two audit samples to be analyzed along with t�e
field samples from the enforcement source test. The purpose of 
this audit is to assess the data quality at the time of the 
analysis. 

The two audit samples and the compliance samples should be 
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concurrently analyzed in the same manner to evaluate the tech­
nique of the analyst and the standards preparation. (Note: It is 
recommended that known quality control samples be analyzed prior 
to the compliance and audit sample analysis to optimize the sys­
tem accuracy and precision. One source of these samples has been 
listed above.) The same analyst, analytical reagents, and 
analytical system shall be used both for compliance samples and 
the EPA audit samples; if this condition is met, auditing of sub­
sequent compliance analyses for the same enforcement agency 
within 30 days may not be required. An audit sample set may not 
be used to validate different sets of compliance samples under 
the jurisdiction of different enforcement agencies, unless prior 
arrangements are made with both enforcement agencies. 

Calculate the concentrations in mg/dsm3 using the specified
sample volume in the audit instructions. (Note: Indication of 
acceptable results may �e obtained immediately by reporting the 
audit results in mg/dsm and compliance results in total mg No2;
sample by telephone to the responsible enforcement agency.) 
Include the results of both audit samples, their identification 
numbers, and the analyst's name with the results of the 
compliance determination samples in appropriate reports to the 
EPA regional office or the appropriate enforcement agency. 
Include this information with subsequent compliance analyses for 
the same enforcement agency during the 30-day period. 

The concentration of the audit samples obtained by the 
analyst shall agree within 10-percent of the actual concentra­
tions. If the 10-percent specification is not met, reanalyze the 
compliance samples and audit samples, and include initial and 
reanalysis values in the test report (see Note in first paragraph 
of this section). 

Failure to meet the 10-percent specification may require 
retests until the audit problems are resolved. However, if the 
audit results do not affect the compliance or noncompliance sta­
tus of the affected facility, the Administrator may waive the 
reanalysis requirement, further audits, or retests and accept the 
results of the compliance test. While steps .are being taken to 
resolve audit analysis problems, the Administrator may also 
choose to use the data to determine the compliance or noncom­
pliance status of the affected facility. 

8.1.3 Audit of Data aPiogessing - Calculation errors are
prevalent in Method 7. ' ' Data processing errors can be 
determined by auditing the recorded data on the field and 
laboratory forms. The original and audit (check) calculations 
should agree within round-off error; if not, all of the remaining 
data should be checked. The data processing may also be audited 
by providing the testing laboratory with specific data sets 
(exactly as would appear in the field), and by requesting that 
the data calculation be completed and that the results be 
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returned to the agency/organization. 
checking both computer programs and 
processing. 

This audit is 
manual methods 

useful in 
of data 

8.2 . Systems Audit

A systems audit is an on-site qualitative inspection and 
review of the total measurement system (sample collection, sample 
analysis, data processing, etc.). Initially, a systems audit is 
recommended for each enforcement source test, defined here as a 
series of three runs at one source. After the test team gains 
experience with the method, the frequency of audit may be re­
duced--for example, to once for every four tests. 

The auditor should have extensive background experience in 
source sampling, specifically with the measurement system being 
audited. The functions of the auditor are summarized below: 

1. Inform the testing team of
audits, specifying any area(s) that 
improvement. 

the 
need 

results 
special 

of pretest 
attention or 

2. Observe procedures and techniques of the field team
during sample collection. 

3. Check/verify records of apparatus calibration checks
and quality control used in the laboratory analysis of control 
samples from previous source_ tests, where applicable. 

4. Record the results of the audit
comments to the team management so that 
action may be initiated. 

and forward them with 
appropriate corrective 

While on site, the auditor observes the source test team's over­
all performance, including the following specific operations: 

1. Setting up and leak testing the sampling train.

2. Preparing the absorbing solution and adding it to the
collection flasks. 

3. Collecting the sample.

4. Sample
shipment. 

absorption, recovery, and preparation for 

5. The spectrophotometer calibration should be checked for
every series of analyses. The calculated concentration values 
should not differ from the actual concentrations by more than 7 
percent for three of the four standards. 

Figure 8.1 is a suggested checklist for the auditor. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Presampling preparation 

Information concerning combustion effluents that may 
act as interferents 

Plant operation parameters variation 

Calibration of the flask and valve volume---three 
determinations 

Absorbing reagent preparation 

On-site measurements 

Leak testing of sampling train 

Preparation and pipetting of absorbing solution into 
sampling flask 

Postsampling 
(Analysis and Calculation) 

Control sample analysis 

Sample aliquotting techniques 

Evaporation and chemical treatment of sample 

Spectrophotometric technique 

a •. Preparation of standard nitrate samples 
b. Measurement of absorbance, including blanks
c. Calibration factor(+ 7 percent for 3 of 4

standards)
-

d. Wavelength and absorbance, including blanks
e. Check for calibration of instrument wavelength

(once every six months)

11. Audit results(� 10%)

a. Use of computer program
b. Independent check of calculations

Comments 

Figure 8 .1. Method 7 checklist to be used by auditors. 



Audit 

Spectrophoto­
meter anal­
ysis using 
reference 
samples of 
dilute KNO 

Data 
processing 
errors 
(recom­
mended) 

Systems 
audit-­
observance 
of tech­
nique 
(recom­
mended) 
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURE 

Acceptance Limits 

Measured RE of the 
pretest audit samples 
should be less than 
+ 10% for both audit
results (optional)

Measured RE of the 
audit samples should 
be less than+ 10% for 
both audit samples 
(required} 

Original and check 
calculations agree 
within round-off 
error 

Operational tech­
nique as described 
in this section of 
the Handbook 

Frequency and method 
of measurement 

Frequency: As consid­
ered necessary by the 
testing firm 

Method: Measure 
reference samples 
and compare their true 
value 

Frequency: Once during 
every enforcement source 
test* (required} 

Method: Measure audit 
samples and compare 
their true values 

Frequency: Once during 
every enforcement 
source test* 
Method: Independent 
calculations starting 
with recorded data on 
Figures 4.1 and 5.1 

Frequency: Once during 
every enforcement source 
test* until experience 
gained, then every 
fourth test 

Method: Observation of 
techniques assisted by 
audit checklist, 
Fig. 8.1 

Action if 
requirements 
are not met 

Review operating 
technique and/or 
calibration curve 
check 

Review operating 
technique and/or 
calibration curve 
check and repeat 
the analysis of 
the audit and 
field samples 

Check and correct 
all data for the 
audit period rep 
resented by the 
sampled data 

Explain to team 
their deviations 
from recommended 
techniques and 
note on Fig. 8.1 

*As defined here, a source test for enforcement comprises a series of runs
at one source. Source tests for purposes other than enforcement (e.g., a
research project} may be audited at a lower frequency.
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9.0 RECOMMENDED·STANDARDS FOR ESTABLISHING TRACEABILITY 

To achieve data of·desired quality, two essential considera­
tions are necessary: .. ( 1) the · measurement process must be in a 

state of statistical control at the time of the measurement and 

(2) the. system�tic- errors, when combined with the random varia­
tion (errors or ·measurement), must result in an acceptable uncer­

tainty. As evidence in· support of good quality data, it is

necessary . to perform quality . control checks and independent

audits of the measurement.process; to document these data; and to
use materials, instruments, and measurement procedures that can

be traced to an appropriate standard of reference.

Data must be routinely obtained by repeat measurements of 

standard reference samples (primary, secondary, and/or working 
standards) and the establishment of a condition of process con­

trol. · The wor)tj.ng calibration standards should be traceable to 
standards of higher accuracy, such as that below. 

Class-s weights (made to NBS specifications) are recommended 
for the analytical balance calibration. See Section 3. 6. 2 for 

details on balance calibration checks. 
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.,, lwa4 ... 1e 
Ur.I'"" t>lho:,.be lndlco\td. II Is IDtended that all •  1-mb conrom, ID lh� Jplcl�caUons estlblbhed by the 

Comm!H.-e on An&l)'1 ic&I Juie.•nu ol tbe American 
Ch,mica1 Sodtll', wbcre ,..,..i, sµ,,c:Jdoallons .,.. •"&ii· 
a\>1•; oth<rwue, use th• be.<t •T&U&bl• cr,.dc. 

I.I 6-mpling. To l'"Pf." \l\f aboorbllllf eolutlon cautlOU$1)' Mid 2., nil -..ll'IUd H,so, t.o 1 liter oi ddoriJ&td, diatlll"'1 W&ter. Ml• ••II and add 9 ml of a
llft'C""\ l,yd�m poroa.14', inlh!y prtl>OIN'd f!'Om 10 p,rr�nt hydroten JlfrOlld• aolatlon. The ahsorblnc et>luUon sbould bf Ulf'd within 1 •·f<k 0111.t ,npuatlon. Do not Hl)Oie 1.o flrlttmt hat w dlnct 1unllcht 

1.2 Sample R�. Two NoCtnto an nqiw., ior 
a&mplt NICOYfr)': 

,.u ' lodJ11111 B)'droudt Ot."l. Dt,eol,re 40 c NaOH 
14 dclonl&e4, dlllllled ••tu_,;;;: dilute to t  Uter . . , 

1.2.2 Wator . .  Delon lac�� ID oonfocm lo ASTM . 
lp8CUlmlloD DUD-T•. , � a. .Ai &be epUoD ot. the 

l'f<lOtd •!Je 0.,.1; t""'fl<'l't.ture (Tr), tho �c 
preasure, and the �fl'•••••� btt..-oen the mUCWT lrTtls 
n the mllilometer. Tbe aboolutt lnt.unal p.-..,,un In 
the n&.•k (Pr) i, tho ba.rometr1c Pl"OSSU?'II 1 .... tllf :c&n· 
ometer ,..dine. Tra.nsfer the oontenta ot tb• lluk 10 a 
le&k-lrM pol:,etbylcne bottle. Ri""' I.be fl&&t t-n:. 
witb .6--ml portions ol deionl-.d, distllle<I fttU l:ld 9dd 
the r1Jue weur to th• bottle. AdJu.t the fB t.o b9t>roen 
D and 12 b:, addlna oodlum bydtonde ( N), dlllJIWU< 
(about 25 t.o � droJ>S). Check the pB bJ _ dlppa,s a 
.Urrtng rod lnlD the ooluUon and tMn \OUClllnl Uoo rod 
lotbe pB wt paper. Removt ll! llrtlen,atciftl as .,..n,i. 
dwinc this' step. Mark the btlCht o! the llqU:d _..t oo 
that Ille con!Alner can be cbecl:ed for � a.'ter 
Cransport. Label Ula l>Olltainu to -�>' ld111Uf7 Ill 
eonten1a. 8-1 tbe 0011ta1nu for lhlppfDC. 
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1 9 7 9  

6.5 Vacuum Ga,,, •. C>.111,,.."' m«h11nlra! ,._,cs, tr 
uatd. actdnst • J:>f'""'CWl manoc:;e..cr such a.$ th.: �i· 
lled lo. 2.1.9. 

a.s A nalftlcal Baane,,. cau�,e "ialr_<t Ola:>dA.-d 
welcbta. 
•• Cbltul41""" 

ClffT cut � aako.Uons, nW-:::lng i.t ltL<t - u-�-.. 
d«Jmal llcun br,aod tbat of th♦ ..,'Qui� data. ivr.,,,d 
off tirur,s after llial calt:ulatlana. 

U Nomtnclatart. 
.A.•Ab-banc, d •nople. 
c-ConeaiUsllan of NO, u N-01, d.;• b1si!. Clt'• 

ncted ID ataDdotd .adllio"", � 
Ob/cbc!). . . · . · 

F•Dllutloo ktor II t., 254. 25,10, •IA:.. � 
· only II � dltoll"" - '"""5.d lo flodne,, · 

the a� Into U.. ......, or �bndon). 

anal}'St. the :s:MNO, 1-t for eddl&a'ble orpnlo matter · 
ma., he emlllad WIien bldl -tratlolls ot arpn1c ·· 
m&Lt.u an, not u:PICWCI IO lit s--,lt. · · .. 

U Analnll,'.!'or 1111 lllll,'m. I.be followta& r.,ents 

U A118171ls. Note U1• lntl o(tbe liqnld ln'� 
and l)QJlfttm whether or not an,- •mple wu lolt duritlf 
eblpment; no&. tb .. Ob the IIIlo.l:,tfol clau llblft. JI a 
nOl.l-ble omomtt of leatere has oceo,nd, etbc fticl 
tbc 11tmple or UM mtthod,, aubj,,:t to \be aptft'ftl al 
Ult ,..clm1nlstzalor, to oorrect tbe tin&! naalta. lmatdt­
at.l)' prior lo ona1,,1,, tranafu UM -telll.l ttl the. 
ablppliic container t.o a »ml ,rolumetnc e..t. end 
rlnle tbe container tw1ot "'1th 6--m.l J)CIIUon9 ot de......S 
dlstWed water. Add the nose •atn I<> tbe flalt and . .  
Clllllte t.o lb• mart w1Ui delonlu<l, distilled w ater;  mlz 
tborougblr. Pipette a �ml aliquot tnto tbe � 
naporatiof dlsb. Rttum an7 u.o'DRcl poriloo d Ille 
_,,pie to the polJttbyl<Dt IIIOnC< llottle. J!:,rapcn141 
tbt �:ol aliquot to dt')'MSS on a - b&tb and allow 

K,•!IJ,«bwf IICll!ltlfr (l&ltbn&lon factor. 
111•H••ol�O. u N01 ln ps ump..�. --
Pr• Pinal alaalate .,._,..,. ol llall<, mm Hf (in_ Bil . 

.· P,• tnfuaf. abeolott preantt o1 11w, mm �  on. 
. Hd. . 

P,..•Slandard ebdat•� 'NOn,m Ill' � -r.in. 
&N rtqUlred: 

U.I Fumlnc llal(mic.ldd. Ut.o 11 PffW!lt b:r •eJ1ht 
fret lllltur tnc&lde. HANDLE WITH CAUTION. 

a.u Phenol. White IOUd. u.a 8ulluric Acid. c-.ted IS Jltft,tbt m1nl-
211WD -y. BANDLE WITB CAUTION. 

u., p� Nitrate. Dried at 10.S to m,• C mo 
�� !!..1!cs mlJ!i�:'. el 2 .a just prior to pnpano-

a.u ltondard ENO, lolaUoo. Dlaolft Ga,,tly 
U86

1

t.iot clned po!Ullum nluate LICNO 1) In drloni&tcl, 

. �llod .. �ir■f.c&i.:!t � ;;:_ deionised, 

u.e Wortlnr ltAclard DO. lolutJoa. Dllllt• 10 
ml or tbe ltanda.rd 811111tl011 to 100 ml With delonlstd 
dlttllled .. t.... On. lnlWlller ,,. UM -kine ltandltd 
eolutloo I• equl•altnt to IOO,c !l!IU'.alen dlo&ldt (NO,). 

a.a.7 Water. n.lonlud, dlsllllod .. ta hetlon 1.2.:. 
U.I PlltooldlNllonlc Acid lahaUon. 1>1-lff 25 I 

ot � wblk pb4nol In J.50 ml GOnNntrai.d IUlfwk 
IIC!d on o lnM11'1 bath. Cool, add 71 ml lumJns 111llur1r 
acid, and lleat at 100" ·C (212" J') 1or 2 bows. SIGN In 
a dart, IIOppncl bottle. 
4. Protidwu

U Samplins. . 
U.t Plrottlot 2$ 1111ofab::oo1,mnoluUon111to 11 •mp1" 

Ga$1c, rola!nlnr o suffldent quantit, !or ""' b, prtJW1n1 
tbe cal!brotk>n a1&nd&rd1. Jns,m &be lla.•k ul.-. atop))fr 
Into the IIMk with the whw In the Mpu111" position. 
.A&semble the •mpl!nir train GI .,,..,..,, In FJsnro 7-1 
end pl<>ee tht> probe at UM ampllnc point. lolakt ■urt 
I.bot all llttJnp u. tl«ht and 1-11-fi-.e, ancl I.bat all 
rroun<l aloss Jolnu h•"• bem i,ros,erlr 1,-« with 11 
blih•"IM'uwn, blsh•lel'!J'tlllWhl �hlorotluO&CC'4rbon• 
�d Ml>CoXk areaw. Tum I.be flask .alv• and tht> 
pump -.alvt to th�r "•-tt" posltlcm$. J!:,ratuato · 
th� ftlSk to �5 mm H1 (I In. Ba> ablolut. sw-■urt, or 
lea. E,ro,,uatfon t.o a � approathln« ti•• "Hl>Ot 
Pl'NSW'e of 1r1t1r at tb1 alstln, wmporoture Is deslrabt.. 
Tum tbe pump .,.i,.. to Ila -._� �IUon and turu 
off tho pamp. Cll..:k for '-:!'!t,."l,�nt ti•• m&• 
.OOIIM&or for ...,. � . (.a.IQ' 'fllriatlu.n 

� 1baD 10 mm Be (\U Ill. Bal ewer a periJJ of 
f minut,e la not MeePC&blo. and U. fta!k la 1>ot ID be 

· ....ct Wltll I.be ltuac• problom Is -...cted. Prusure 
In the flar.k Is not lo uooed n""" H1 (S In. Bil 11bloluta 
atthetl-amDltnc la OObllllellald.) Reeord the..-olwne 

· ol tll• llaalr: and' ,11,. CV,). U. fllok "8mpenture (T;). 
and U,. � s--. 1'llrn the llaalt 'ft],re 
eounlcdortwuo t.o ltltl ._ 

$
palltlon and do tho 

- w1tll Ult lJWDP ,ra\-.e. e tbe probe and the 
•-.un tube Ullnl t.bt 1111- b. If condmatlon 
"""111$ !n the lll'Obt and tbe lluk .,.i,.. .,.,., beat the 
p,obe aod pwwe m1W tile -.kNatlon dilal)J)4tl. 
:Su:, tum tbe PlllllP ..i,e to Ill "'ttnl" P,'!!tlon. Tum 
tbe �k fthe dorkwtle t.o Ill -t,, • position and 
fteOrd Ille dlfferenae In ibe lllttt'llr1 In-di In the U1&nom­
eter. Tbe 11beol11te lnt.omol ,,._,,. In \be fluk (P,) 
Is t<luai lo tbo bt.l'Oll>ftric � less the manomet.er 
Ndlnr. lmm.diatelJ tum tho fla!lt ,ral� to the "aam• 
pie" poslUoo, and p,nn11 tho Pl to mitt the fla,k until 
� In the 11&,k and amplo line (I.e., duct, nad<) 
art equal. This will untallr �uirt about 15 ff('(lnds; 
a lonc:u poriod lndlratu • ·'plus" ht tbe p,�, •hlcb 
m,irt t>o -wd belo" amplinc II contlnuea. Afi,,r 
C>Olitdin1 the amplt, tam the ftook ftlve to It.I "purse" 
!)061\.lon and disc'cn-t Ult i.t from the ampllnc 
train. 61late the lla,k for at 1- S mlnnlel. 

U.2 U the ps betni a.ml>lod tsmtalns tnsullldent 
0&>·1en lor the con-.•�lon or l-O to NO, (e.g., an ap­
plicable rubpott or tht.,atandard maT Nqulre ta.kin& a 
a,qple of a ca!lbra.UOn gas mlnlw GI NO In N1)1 tben 
Cf}'&en aball be lnlroduffi! into tbf llask to Jll!11'llt tbls 
COD,rfflion. O•nm .ma:r be lwodu<,ed Into the flask 
b:, oue ol three m,thods; (lJ Bdoro e'Ht'Uatlnr th• 
-=riUnr lla.sk, flusb with pun 

�
der mnen, Ulen 

••arua:� flask to � m,n e, O .in. ) absolute pressur, 
or l,,ss; or (2) lnJert Ol"'!th Into tllo •k after samplln,: ; 
or (3) term1na1e 11.m;il!na "'1th a m.lnlmum ot 50 DI.DI 
HK (1 In. B1t) fttuum mz,lllnfDI In the Ila.sic, .....,rd 
thls :!nil v.e.�ure, and then ,,_ the flask 1o th• •• • 
11>0Sphtre until tbe flask p- 11 almost equal u, 
at.mospb,,;� prtsNro.. 

• .2 61.mplc R<o,,er,·. Lot tl>t flask .. t for a minim um 
of 16 hour, an<! then shake the taftlenl5 for 2 minutes. 

. Con.�� th& ftll!lt to a m,r""urr fi.Ut.d U•\ube:manomtr�r 
Op,rn thB TA1l"6 fto::i lhf. Wt 10 tbe rnanomt-tf'.r aw.! 

lo oool. Add ll ml phtnoldl$ulloDlc od4 aolutlon &o tllt 
clr1ed realdue and tr!UU.te thoniuchlJ 1rltb a pc,ylfU:rl­
Ulf Polloeman. Mat, aUM the lolutlan -.tacta aD the 
naicJue. Add 1 ml delonlaed, dllt1lled - and laar 
dloP1-ot concentrated sullwic add. B•t I.be dDtlon 
oa a ltlam bath ror a mmutu with -iona1 lllllmlc, 
Allo• I.be IOllltlon '° oool, add :I) ml deiolll&ed, dillillfd 
-•• mlz well b7 ltlrriac, and adcl -aeatraia,4 am-
111onlum b;r_drozlde, �pwi1t, with OOIIAl&lt llilrlae, 
1111,11 tbe pH la 10 (U dtwnnlnld b7 pB paper). If 11M 
11tmple contain■ eoUda, tbeso must bt 19111'""4 br 
filtration (oentr1!111atlon 11 an ._p&able al�••· 
111bject to tbe appro,at olthe Admlnillnlor), u llllloq: 
tllter·tbro111h Wbatma.n No. 41 tlltu papa lnt.o a IGl).ml 
..,lwnttrle 1111111:; r1n■e the naporaUn, dish wl&II lillW 
&-ml portions of deionized, dlstlU.d •·aw; fU1.tt UMM 
tb- rin1<1. lll'ai-h the ruwr with at 1- three 1,$,ml 
portion, ot dtlonlwd, dlltlUfd ...-ater. Add tbe 6lter 
wasblnp ·to tbe conwntl of th• ,rolnm.trlc IIDsll: Md 
dilute 10 \he Jll.,11: 1rlth delonl .. d, clilt.llltd ""'1er. JJ 
eolld• &re absent the aolutlon can be tnmr,,!ftO dl,tctly 
to lb• 100.ml ,rolwnetl1c flask and diluted to the mark 
wllb deionlud. dlJtllled •.-.ttr. Mis UH conlfflts of tho 
IIAsll: tborouchlr,, and musur• the abeo&banoit at 11>, 
optimum "'"' •ncth u..d for the atand&rda (&cllon 
&.2.1), ustna the blank'loluUon III c, aero nltrenea. Dilnll 
the ll'tl'lple and tbe blank wl\h equal .olu.,nu ot daiaD· 
bed, dls\illed •·atu If the ahSOth&nce ac-d1 A,. the 
ablorbaooe of tbe 400 ,c No, naod.,d <-a.cucm u.l). 
a. Oulbratln 

U Tlask \'olume. Tbt volumt of Uw eolltction !a.:. 
lluk -nl•e oomhlnation must bf known prior In am· 
Pline. A•mble the tlasll and tlasll nl,r, and 11n -.,,, 
fttff, to tllt alopoock. MMSUre the .,,,,.mn• ot - t.1 
a:10 ml. Record thla ,rolwn• on the flut. 

1.2 Spoe!ropholometu C&llbraUoo. 
a.:u Optimum WH,leo,th O.termlnatlon. Far 'boll· 

aud end ftl1able wHtlencth epec:t:rop"°""""'4n
. 

oallbra.te aplnst 1t1odord -utltd w.-.elensth d '10 
nm, ... ery e months, Altemath·el1, far ""'1ab1" .,...., 
len1th 1pectrophotomol#n. -n the apectnlm betwt<t. 
400 and ,it nm ualnc a :ni..c N01alandard •lutiaa C­
s.c11on a.2.2) . II a poak d- not .,..,..,., � IPIC� 

::r.:.i� ,i{�
bl

i· 1�:�r�:i:�� �:.�.:
r..ngo, tM •·a,r�th at which this peak oc,cnr, lblll br 
th• optimum -••len,tb for the meu,,remenl d • 
lll>rblnce for both the atand&rds and aunplos. 

8.2.2 l>etennlnatlon of 8poctropho1Dmeter Cdl:n· 
lion Feclor I:, . .Add o.o. 1.0. 2.0, J.O. and •.0 ml of tlW 
Ji::NO, .,.orklnc 11&ndlll'd ■olutlon (I ml•IOO ,c NOu lo 
a llr1es of 11•• porcelain n1po11111n, dlsha. To eocl>.add 
211 ml ol absorbinr ooluUon, 10 ml drionhed, dl,dll,,d 
•·ala, and k>dhun bydrolide (IN), clropwiH, until tM 
pH la bchr .. n 9 and 12 CabouL25 lo IS droi,s .,+,J. 
B...-Jnnln,: •1th lhe eupotatlon •tep. lc>llow the ..,.tr-

;!!!a';=� �l,, 5fri:t�1 �lu�!\����
n
d?l�� 

th• mart. M..,o,. th, absorbln .. of Nd> solulion. al th, 
optimum wn•�nJlh, u dewrmlned In S.CUon U.l. 
This <1libration prO<'Odurc must bt n,i-t,d on _._1, .sa,
that aampt.s an' antl)'M'd. Calculate u,,, IPfCtl'op'-" 
�tu calibration factor ,.. folio..,., 

where: 
Equation 7-J 

K •• Callbrstlo11 lector 
A,-Absorbance or th• 100-4 N◊, ,:.andmd 
A1•.Absorbance ol lht 200-,.g 1" 0, lland&rd 
A.1 •AbsorblnN! of the � NO, lt&ndArd 
A,-Absorbenet of tht 40C►·,4: '!'-:0: �.c-.C.•ri 
5.3 llaromrtM. Callbrsu- l,f.alnst & men:w)' b&:""" • 

f'ter. 
�-◄ Tcmr>erat.w� Uau�f•. C&IJT'\t'at,t, dial Utttm,,, . .. 

�ILl11�t tnfTC'l1r)"•in1tltt...� tl)frtnOtlltt.?rs.. 

:. Be>. 
1',•Flnal at.laSe Canperatare of ffuk :r ("R). 
7',•Jnltlal � -� ol llasll: .  "K ("ii). 

,..,...stlJiaanl a.llut.e ICml>f!l'lll,ure, 293" It en" R) 
'lo'.,•S&aiple 'tolmnt at alaadad condltlGDS tdry 

· v,-�,.J;.."'!; r..t and nm. ml. 
V •• \'olwne d abaarbln« IGlala<>G, 26 ml. 

2•10/26, the aliqaol lac:tor. (1! otbtt than • '&-ml 
alit!uot - 'llled for u.lysl•. u,,. �­
Inc l'atW - l>e 1DbllltaledJ. 

._, la,nplt ..._, dey buts. -i.cs to -"Cl 
-,d!Uona. 

v .. -�:: (V,-V.) [�-;;] 

a:K1( V1-25 ml) [�-�]Tr T, 
Equ"ticn i-2 

wben,: 

K1 - 0.38S8 °KB for metric uni-... 
mm g 

- 17.64 . 
0

RH for English units 
111, g 

o.a ·Total ,c J.O. per eamplo. 

.... z K. AF 

Equo. tio:. -; -3 

Nou.-JJ other &!Ian • �ml aliquot 11 uaed lor L�y-
111, tbe factor t - be re� b)' a �-I 
fact.or. 

U lamplt -..uon_ dr7 llula, CIOfftCUd lo 
atand&rd. condltiaDL 

Equation 7-4 

1rbu-.: 

K1 • lOI '::J: for metric U!lita 

. 
- 6.2'3Xl0-- �::. fOC" English units 

7. B161iafr•P-'J 
I, StandeNI llet!todl or Cllaldcal Anal:rtl•. fll.b ed. 

New York, D. Voa 1-onrao.d C..., Jnc. 1962. 'l."CIL I. 
p. !29-330. 

2. Standard Motbod ct Test for Oddes of 1'1� ;a 
Oueouo Combustian Produm (Ploenold 1,..,.11on1, J.r.l! 
Pro,edure). lo: lltlf Book of ASTM Standards, f-L--: :;.· •. 

Pblladelphia, PL HCi1. ASTM Datg,:,atlon D-l� 
p. 7:z.;..,29_ 

a. Jeeob, M. 11 .  TIie C!Mmlw .Alllllr,ls ol J..!r P..:tv.­
ants. New Yorlt. Iala1ocieMe Pat,li$ben, In.:. ?9i.')_ 

. Vol. 10, p. SSI-� 
f. Be1tt7, R. L., L. B. Be,,:tt, Gld B. ·IJ. Ed:roct. 

Detnmlnat.l�n o( <nidesef Nlttopft bst.lJe Pb,:»ldu:;;­
fonk Add Mftbod. llw-cau of lftne.:, U.S. 0.--.,.t.. <>l 
10
i."k°I;,.fi: hT.·��1.1�n. Colla�-... 

Btud:r of Mttbod for Ille De-te<mi.-.a!icn of t.�.n 
Odd• Emissions fna: l'latlontuT &amt-es (J,'o,,.m """' 
Fired s-m Otooa1.onJ. 6outh..-nt Rcscan:h l;&Jtt',t 
report for En•ironmunal Protet'liao .Ag<nry. 1�11 
Tri•nrle Park, N.C. Ot-tobu 5, Jr.>. 

&. Hamll, B. F. end J\. E.  n.om ... Coll•-"� 
Stud)· of M•tbod lar tbe Drt�Uo!l of Mtnc, :, 
O,idt Emissions !JtlD t:1.atlon:>ty So&Tc,$ (Nitric '" 'd 
Plants). &utb..-.st -..cb lnst!tutt ropor: fa, �r 
Ylron.'Yltnt�l Pro\r-'<>n Agmc,-. F.ff',•rrb Tri>ll.le 
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·In K.e&hod V of Appendix A. SecUom

u.2. 2.3.7, -1.2. u. s.2.1, a.2.2. e and v
are amended aa follows:

1. In SecUon 2.3.2. a aemlcolon re­
places the comma between the words 
"atep" and "the." 

2. In Section 2.3.'1, the phrase "<one
for each sample> .. 1n the ftrst Une ta 
eorrected to read "(one for eadl 
aample and each atandard)." 

3. In Section 4.2, the letter ''n" In
the aeventh lll\.e is eon-ected to read 
"'to. .. 

4. In Section -C.3, \he word "poyleth•
ylene" 1n the aseventeenth line ta c:or-
Neted to read ••po4<et.bylene. •• 

I. In Section S.2.1� delete the entire
aecUon and Insert the followtne: 

()pUmum · Wavelenstb DetennlnatloD. 
· Calibrate the waftlensth -1e of the apeo­
tros,botometer eYet7 8 months. 'i'he callllnP,, 
tton JD&7 be a.ccompllabed l>J' Wlins an
enera aource wttb an lnteme 1lne emlMloD
aucb u a mercuJT lamp, or b1' Ulina a Ml1ea

. ot clul tilt.en IIPIQD1Ds the meuartnar
1'&11,e 9f the gpectzophotometer. Callbrat.loa
matert&la are aV&flable commerclaDy· ana
from the N&Uonal Bureau of Standarda.
8Pedficdet.aila OD the we of such ma&erlala
ahouJd he .upplled t,7 the Mador: CIDlftl
Jnformatlon about calllinUoll tecbnlqum 
an be obtamed 1Jom aeneraJ nt.--ce
boob on. ana111,lcal cbemJstr7. The _,._
leDith IIC&le of the spect.rophotometer muat
l'e&d correctly within ± I um at &11 e&Ulft.­
Uon potuta; otberwile, the speetrop� 
.meta' tlball be repa1red and recaHlmlled.
Once the wa.velenath -ie of·the 91Mdro­
phOU>meter la ID proper callbratlon, ue U0
nm aa the optimum wavel� for the mea­
llllmDf!!lt of tbe abeort>ance of tbe ltan­
da:rda and amplea.

Alt.ernaUvely, a we&0olna: procedure may
bfl employed to determine the proper mea­
auina' waveleQ8th. U the lostrumem JI a
double-beam spectrophotometer, ICUI the
apect.rum between 400-and- 415 nm Wlins a
100 ,._ NO. tstaDdard aolutSon 1n the eample

'Uil 1UMI a blank solutlQD tn tbe :refaenm
oen. If a peak doea not occur. the eec:tro­
photometer la probably malfunctlonlns and
abollld be repaired. When a peaJr; ta oa,tamec1
wltblD the 400 to. 4111 am ranse, the ,...,. 

. Jeasth at wb1cb Um .peu occun abaD be
the optimum wavelmlath for &he meume­
ment of ablorbanoe of bot.h the atanduda 
and t.he aamplea. Por a alnsle-beam· apeetio. 
photometer, follow thf' Ka•mlrs -procedure 
cleac21bed above,� tbs& the l>l&Dk IIDd 
lt&nda.rd aolut1ona ahall be scanned � 
111te}J'. The optimum wavelensth ahaD be 
thir wavelensth at. wbkh the ma.ximaa dif­
ference In absorbance between tbe standard 
anct the blank oocun.· 

a. ln . .Sectlon 6.2.2, delete the flnt 
aeven lines and insert the followtrir. 

Determination of . Spectrophotometer 
calibration Padol' IC. Add 0.0 -ml, 2 mJ. 4 
ml, 8 ml, and I ml of the ENO. worktas 
atandard aolutlon <l m1-100 I'll' NO.> t.o a 
eeriee of five 60-ml volumetric flub. To 
4IGcb Ouk. add 25 ml of abeorblDS IIOhiUaa. 

· 10 ml delomr,ed. diatWed -te:r, and aodl&lla
l17droxlde (1 N> �-- until the pB Is .,._ 

tween t and 12 <about 25 t.o JS droPll eadl>. 
OOut.e io the mutt wtth de1oa.lllled, dl!tlD&d 
water. Mis thoroua:hb' and ·pQpeU,e a 2$-ml 
aliQuot of eech aoluUoa Into a � par. 
ceJaln evaponi.ttna dlah. 

'I. In Section u. the word � In 
the tenth line Is corrected to rad 
"'M'. .... " 

8. In Section '1. the WOl"d -Vna" In
<1> ts corrected to read -Van." The
word "drtenninat1on" 1n <CS> la correct­
ed .&o read "Determtnatton.·

*Federal Register, Vol. 43, No. 57-March 23, 1978

/ 
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Blank data forms are provided on the following pages for the 

convenience of the Handbook user. Each blank form has the cus­

tomary descriptive title centered at the top of the page. How­

ever, the section-page documentation in the top right-hand corner 

of each page has been replaced with a number in the lower right­

hand corner that will enable the user to identify and refer to a 

similar filled-in form in a text section. For example, Form 

M7-l.2, indicates that the form is Figure 1.2 in Section 3.6.l of 
the Method 7 Handbook. Future revisions of these forms, if any, 

can be documented. by 1.2A, 1.2B, etc. Twelve of the blank 

forms listed below are included in this section. Four are in the 

Method Highlights subsection as shown by the MH following the 
form number. 

Form 

1.2 

2.1 

2.2 

3.1 (MH)

3.2 (MH)

4.lA and 4.lB

4.2A and 4.2B 

4.3 (MH)

5.1 

5.2 

5.3 (MH)

6.lA and 6.lB

8.1 

Title 

Procurement log 

Optimum wavelength Determination Data Form 

Analytical Balance Calibration Form 

Pretest Checklist 

Pretest Preparations 

Nitrogen Oxide Field Data Form 
(English and metric units) 
NO Sample Recovery and Integrity Data Form

(E�glish and metric units) 

On-site Measurements 

Standard Solution and Control Sampie 
Analytical Data Form 

NOx Laboratory Data Form

Posttest Operations 
Nitrogen oxide Calculation Form 
(English and metric units) 

Method 7 Checklist to be Used by Auditors 

(jil 



PROCUREMENT LOG 

Purchase 
order Date Dispo-

Item description Qty. number Vendor Ord. Rec. Cost sition C0111nents 

Quality Assurance Handbook M7-1.2 
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OPTIMUM WAV��ENGTH DETERM�NA�Iq� _DATA F0Ri4 

Spectrophotometer number 

Calibrated by 

Absorbance 
Spectrophotometer of standard 

setting, run ooa 

399 
400 
401 
402 
403 
404 

405 
406 
407 
408 

409 
410 

411 

412 

413 
414 

415 
416 

Date 

Reviewed by 

Absorbance Actual 
of blank absorbance 

ooh one 

of 

a Absorbance of the 200 µg N02 standard in a single beam
spectrophotometer. 

b Absorbance of the blank in a single-beam spectrophoto­
meter. 

c For a single-beam spectrophotometer -- absorbance of the
standard minus absorbance of the blank. For a double 
beam spectrophotometer -- absorbance of the 200 µg N02 
standard with the blank in the reference cell. 

Spectrophotometer setting for maximum actual absorbance 
of standard· _ _,,_ _______ nm. 

If the maximum actual absorbance occurs at a spectrophotometer 
setting of <399 or >416 nm, the spectrophotometer must be 
repaired or-recalibrated. 

Quality Assurance Handbook M7-2.l



ANALYTICAL BALANCE CALIBRATION FORM 

Balance name Number 
--------------

Classification of standard weights 

-

Date 0.5000 g 1.0000 g 10.000 8 50.0000 g 100.0000 i Analyst 

. 

.. 

i. 

Quality Assurance Handbook H7-2.2 



Sample 
number 

• 

Plant 

NITROGEN OXIDE FIELD DATA FORM 
(English units) 

------------------- City ______________ _ 
Sample location 

--------------- Date ______________ _ 

Operator------------------ Barometric pressure (Pbar) ___ in. Hg

Volume Initial pressure 
Sample Sample Probe Flask of flask in. Hg Initial 
point time temperature, and valve and valve (VF),

location 24-hr OF number ml Leg Ai Leg Bi P a OF (ti)i 

a 

pi• pbar - (Ai+ Bi). 

b T
i 

a t
i

+ 460o
P.

Quality Assurance Handbook M7-4.1A 

-• 

temperature 

OR (T )b 

i 



Sample 
number 

NITROGEN OXIDE FIELD DATA FORM 
(metric units) 

Plant ___________________ _ City ______________ _ 
Sample location _______________ _ Date _______________ _ 

Operator __________________ _ Barometric pressure (Pbar) ___ mm Hg

Volume Initial pressure 
Sample Sample Probe Flask of flask 1IBD Hg Initial 
point time temperature, and valve and valve (VF)'

location 24-hr oc number ml Leg Ai 
Leg Bi

p a oc (ti)i 

temperature 

oK (T ) b

i 

Quality Assurance Handbook M7-4.1B 



Plant 

NO 
X 

SAMPLE RECOVERY AND INTEGRITY DATA FORM 
(English units) 

Date 
-------------- --------------

Sample recovery personnel _____ Barometric pressure, (Pbar) ____ in. Hg 
Person with direct responsibility for recovered samples 

---------

Final pressure, 
in. Hg Final temperature, 

Sample 
number Leg Af Leg Bf P a OF (tf) OR (Tf'ff 

' 

0 

pf = pbar - (Af + Bf) • Tf a tf + 460 F • 

Sample 
recovery pH Liquid 
time, adjusted level 
24-h 9 to 12 marked 

Lab person with direct responsibility for recovered samples ______ _ 

Date recovered samples received ___ _ Analyst __________ _
- All samples identifiable? · 

----- All liquids at marked level? _____ _ 

Remarks------------------------------
Signature of lab sample trustee ___________________ _ 

Samples 
stored 

in locked 
container 

Quality Assurance Handbook M7-'1.'J.A

•



Plant 

NO
X 

SAMPLE RECOVERY AND INTEGRITY DATA FORM 
(metric units) 

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

Date 
---------------

Sample recovery personnel _____ Barometric pressure, (Pbar) ____ mm Hg
Person with direct responsibility for recovered samples 

---------

Final pressure, Sample Samples 
mm Hg Final temperature, recovery pH Liquid stored 

Sample time, adjusted level in locked 
number Leg A

f 
Leg B

f pf
oc (tf) K (Tf) 24-hr 9 to 12 marked container 

Lab person with direct responsibility for recovered samples ______ _ 
Date recovered samples received ____ Analyst ___________ _ 
All samples identifiable? 

-----

All liquids at marked level? ____ _ 

Remarks 
-------------------------------

Signature of lab sample trustee ___________________ _ 
Quality Assurance Handbook M7-4.2B 



STANDARD SOLUTION AND CONTROL SAMPLE 

ANALYTICAL DATA FORM 

Plant 
---------------- Date _____________ _ 

An al y st Optimum wavelengt.h ______ na

Blank used as reference? 
-------

Calculated Absorbance Measured, 
Sample Sample, Working Control absorbance, absorbance, a comparigon 
nuaber µg solution sample OD OD error, � 

a 

b 

Al 

A4 

Sl 
S2 

S3 

100 X 

200 X 

300 X 

400 X 

100 X 

200 X 

300 X 

K = 100 �-�--------- = 
[Al + 2A2 + 3A3 + 4AJ

c 
A2 

+ A2 
+ A2 + A2 

1 2 3 4 

- -· 

-

-

- -

Avg C 

Calculated absorbance: OD= (µg)/Kc i.e., Sl calculated absorbance = 100/X.
C 

Absorbance comparison errors: 

4I = 100 X 
(measur�d absorbance, OD) - (calculated absorbance, OD). 

calculated absorbance, OD 

C 
Average of absolute values. 

Quality Assurance Handbook M7-5.1 



NO LABORATORY DATA FORM 
X 

Plant Run number(s) 

Date samples received 
-------

Date analyzed _______ _ 

Aliquot factor 
----------

Samples analyzed by ____ _ 

Blank absorbance Date reviewed by 
-------

Calibration factor (Kc) Date of,rev,iew 

Sample Dilution Total mass of NOx Sample absorbance, factor, as NO2 in sample, 
number A F m 

rn = 2 K AF, Note: If other than a 25 ml aliquot is used for 
analysis, the factor 2 must be replaced by a corresponding 
factor. 

Quality Assurance Handbook M7-5.2 
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NITROGEN OXIDE CALCULATION FORM

(English uni ts) 

Sample Volume 

P. =
l. 

in. 0 Hg, T, = • R
l. - - -- - - -

K = • 
C ____ , 

A =  

(pf p,] - - ...1:. = ml 
T T, - - - -

f l. 

Total µg N02 Per Sample 

Equation 6.1 

- - - -

OD, F·= 
- - - -

Equation 6. 2

m = 2K
0 

AF= ____ • µg of N02

Sample Concentration 

C = 6.243 x 10-S [ 
m 

vsc ] = 
- - -

x 10-5 lb/dscf 

Quality Assurance Handbook M7-6.1A 



V 
SC 

NITROGEN OXIDE CALCULATION FORM 
(metric units) 

Sample Volume 

- - - -· ml, pf
= - - -·- mm Hg, Tf =

___ ._mm Hg, Ti=

= 0.3858 (Vf - 25)

. 

- - - -

K 

Total µg No2 Per Sample

- - - _., A= _. ___ OD, F =
- - - -

Sample Concentration 

- - - -

K 

ml Equation 6-1 

Equation 6-2 

Equation 6-3 

Quality Assurance Handbook M7-6.1B 
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METHOD 7 CHECKLIST TO BE USED BY AUDITORS 

Presampling Preparation 

1. Information concerning combustion effluents that may
act as interferents

2. Plant operation parameters variation

3. Calibration of the flask and valve volume--­
three determinations

4. Absorbing reagent preparation

On-site Measurements 

5. Leak testing of the sampling train

6. Preparation and pipetting of absorbing solution
into sampling flask

Postsampling 
(Analysis and Calculation) 

7. Control sample analysis

8. Sample aliquotting technique

9. Evaporation and chemical treatment of sample

10. Spectrophotometric technique

a. Preparation of standard nitrate samples

b. Measurement of absorbance, including blanks

c. Calibration factor

d. Wavelength and absorbance, including blanks

11. Calculation procedure and checks

a. Use of computer program

b. Independent check of calculations

Comments 

Quality Assurance Handbook M7-8.l 




