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ENVIRONMENTAL PROTECTION
AGENCY

[ 42 CFR Part 4101

NATIONAL PRIMARY AND SECOND-
ARY AMBIENT AIR QUALITY
STANDARDS

Notice of Proposed Standards for Sul-
fur Oxides, Particulate Matter, Car-
bon Monoxide, Photochemical Oxi-
dants, Hydrocarbons, and Nitrogen
Oxides

Section 109 of the Clean Air Act, as
amended December 31, 1970 (Public Law
91-640), directs the Administrator of the
Environmental Protection Agency to
publish, no later than January 30, 1971,
proposed national primary and second-
ary ambient air quality standards for
each pollutant for which air quality cri~
teria were issued prior to enactment of
the amendments. The section also pro-
vides that after December 31, 1970, the
Administrator shall, simultaneously with
his issuance of air quality criteria and
information on control techniques for a
pollutant, publish proposed national
primary and secondary ambient air qual-
ity standards for that pollutant. Pri-
mary ambient air quality standards de-
fine levels of air quality which the Ad-
ministrator judges necessary, based on
the air quality criteria and allowing an
adequate margin of safety, to protect the
public heglth. Secondary ambient air
quality standards define levels of air
quality which the Administrator judges
necessary, based on the air quality cri-
teria to protect the public welfare from
any known or anticipated adverse efiects
of an air pollutant.

Prior to December 31, 1970, air quality
criteria had been issued for these five
pollutants: Sulfur oxides and particu-
late matter (34 F.R. 1988) ; carbon mon-
oxide, photochemical oxidants, and hy-
drocarbons (35 F.R. 4768). The Admin-
istrator has determined that nitrogen
oxides, which are present in the ambient
air as a result of emissions from numer-
ous and diverse mobile and stationary
sources and for which air quality criteria
were not issued prior to December 31,
1970, are air pollutants which adversely
affect public health and welfare. In ac-
cordance with section 108 of the Act,
the following are published in a notice
in this issue of the FEDERAL REGISTER:

1, A list of air pollutants, required to
be published no later-than January 30,
1971, which identifies nitrogen oxides as
air pollutants for which air quality cri-
terla will be issued and for which na-
tional primary and secondary ambient
air quality standards will be promulgated,
and

2. An announcement of the issuance of
air quality criteria for nitrogen oxides.

Pursuant to section 109 of the Clean
Air Act, notice is hereby given of pro-
posed national primary and secondary
ambient air quality standards as set forth
in Part 410 below, which would be added
to Chapter IV of Title 42, Code of Fed-
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eral Regulations, With respect to carbon
monoxide, hydrocarbons, photochemical
oxidants, and nitrogen oxides, adverse
welfare effects have not been.observed
{0 occur at levels below the levels of the
proposed primary standards. For each of
those pollutants, therefore, the proposed
secondary standard has been specified ab
the level of the proposed primary stand-
ard.

‘The characteristics of the six air pol-
lutants named above are, briefly, as
follows: .

Sulfur ozxides. Sulfur oxides, which
arise primarily from the combustion of

sulfur-containing fossil fuels, are preva~-

lent in polluted air. Their presence in the
ambient- air has been associated with
& variety of respiratory diseases and in-
creased mortality rates. They represent
& significant economic burden and have
& nuisance impact, Sulfur dioxide is an
indicator of the presence of sulfur oxides
in polluted air and is an important index
of the effects which have been associated
with these contaminants.

Detailed information on sulfur oxides
is presented in the document “Air Quality
Criteria for Sulfur Oxides” (NAPCA Pub-
lication No. AP-50), which provided a
basis for the development of the stand-
ards set forth below.

Particulate matter. Particulate matter
refers to any matter dispersed in the
air, whether solid or liquid, in which the
individual particles are larger than small
molecules but smaller than 500 microns.
Particles smaller than 1 micron in
diameter originate in the atmosphere
principally through condensation and
combustion, while larger particles arise
principally from erosion and abrasion.
Particulate matter of technological
origin is pervasive in its distribution and
is associated with a variety of adverse
effects on public health and welfare. Par-
ticulate matter in the respiratory tract
may produce injury by itself, or it may
act in conjunction with gases, altering
their sites or their mode of action. Parti-
cles cleared from the respiratory tract by
transfer to the Iymph, blood, or gastro-
intestinal tract may produce effects
elsewhere in the body.

Detajled information on particulate
matter is presented in the document
“Air Quality Criteria for Particulate
Matter” (NAPCA Publication No. AP-
49), which provided & basis for the devel-
opment of the standards set forth below.

Carbon monoxide. Carbon monoxide is
the product of incomplete combustion of
carbonaceous fuels and is widely preva-
lent in ambient air. It is absorbed
through the lungs and reacts primarily
with the hemoglobin in-red blood cells.
It decreases the oxygen carrying capac-
ity of the blood and reduces the avail-
ability of oxygen transported to vital tis-
sues by the blood. .

Detailed information on carbon mon-
oxide is presented in the document “Air
Quality Criterla for Carbon Monoxide”
(NAPCA Publication No. AP-62), which
provided a basis for the development of
the standards set forth below.

Photochemical oxidants. Photochemi-
cal oxidants are produced in the atmos~
phere when reactive organic substances,

principally reactive hydrocarbons, and
nitrogen oxides are exposed to sunlight,
Photochemical oxidants cause irritation
of the mucous membranes, demage to
vegetation, and deterioration of mateo-
rials. They affect the clearance mecha-
nism of the lungs and alter resistanco
to respiratory bacterial infection. Photo~
chemical oxidants have been implicated
as accelerators in the aging process.

Detailed information on photochemi-
cal oxidanfs is presented in the docu-
ment “Air Quality Criterlo for Photo-
chemical Oxidants’ (NAPCA Publication
No, AP-63) which provided a basis for
the development of the standards sob
forth below.

Hydrocarbons. Hydrocarbons are pri-
marily associated with the processing,
marketing, and use of petroleum prod-
ucts and are widely prevalent in the am«
bient air. They constitute the prineipal
portion of these volatile reactive orpanie
substances in the atmosphere which are
the precursors of other compounds
formed in the atmospheric photochemi~
cal system and which result in the mani-
festations of photochemieal smog, Meth~
ane, which occurs naturally in tho at«
mosphere at relatively high levels, is not
considered to be involved in the photo-
chemical reactions. The only direct effect
attributable to ambient levels of hydro-
carbons is the vegetation damage from
ethylene.

Detailed information on hydrocarbong
is presented in the document “Air Qual-
ity Criteria for Hydrocarbons” (NAPCA
Publication No. AP-64) which provided o
basis for the development of the stand-
ards set forth below.

Nitrogen orxides. Nitrogen oxides result
from the fixation of nitrogen and oxygen
at high temperatures and are typleally
associated with combustion processes.
They are also related to certain chemienl
processes. The principal nitrogen oxide
formed- in the combustion process is
nitric oxide. This compound has not been
shown to have health or welfare effcots
at present or anticipated amblent con-
centrations. However, there are soveral
atmospheric reactions which lead to the
oxidation of nitric oxide to nitrogen dl-
oxide, and the presence of nitrogen di=
oxide in ambient air has been associated
with a variety of respiratory disences.
Nitrogen dioxide is essential to the pro-
duction of photochemical smog, At
higher concentrations, its preszence has
been implicated in the corrosion of cleg-
trical components as well as veretation
damage,

Detailed information on nitrogen ox-
ides 1s presented in the document “Air
Quality Criteria for Nitrogen Oxides”
(EPA Publication No, AP-84) which pro«
vided e basis for the development of tho
standards set forth below.,

The air quality criteria documents ro-
ferred to above are available from the
Superintendent of Documents, Govern-
ment Printing Office, Washington, D.C.
20402. Prices are as follows:

Sulfur oxides (AP-50)ccaccuna —————— £1.26
Particulate matter (AP-49) aecumuceua 1,16
Carbon monoxido (AP-62) acecweecaun 60
Hydrocarbons (AP-64) aeeeunnceanaas - 126
Photochemical oxidants (AP-63)amae. 1.76
Nitrogen oxldes (AP-84) cceuemeuewaman 1.60
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Orders for any of the above documents
should be accompanied by a check or
money order paysble to the Superin-
tendent of Documents.

Copies .of the summary-and-conclu-
sions chapter of each air quality criteria
document are available free of charge
from the Air Pollution Confrol Office,
Environmental Protection Agency,—5600
Fishers Lane, Rockville, MD 20852, At-
tention: Publications Section.

Interested persons may submit written

comments in triplicate to the Office of

the Acting Commissioner, Air Pollution
Control Office, Environmental Protection
Agency, Parklawn Building, Room 17-59,
5600 Fishers Lane, Rockville, MD 20852.
All relevant comments received not later
than 45 days after the publication of
this proposal will be considered. The
standards, modified as the Administrator
deems appropriate after consideration of
comments, will be promulgated no later
than 90 days from the date of publica-
tion of this notice, as required by the
Act.

This notice of proposed rulemaking is
issued under the authority of section 4,
Public Law 91-604, 84 Stat. 1679.

Dated: January 25, 1971,
WiLiaM D. RUCKELSHAUS,
Administrator.

A new Part 410 would be added to
Chapter IV, Title 42, Code of Federal
Regulations, as follows:

PART 410—NATIONAL PRIMARY

AND SECONDARY AMBIENT AIR

QUALITY STANDARDS

Sec.

410,1 Definitions.

4102 Scope.

4103 Measurement corrections.

4104 National primary ambient air qual-
ity standards for sulfur oxides
(sulfur dioxide).

410.5 National secondary ambient air qual-
ity standards for sulfur oxides
(sulfur dipxide).

4106 National primary ambient afr quality
standards for particulate matter.

4107 National secondary ambient air qual-
ity standards for particulate mat-
ter,

4108 National primary and secondary am-
bient air quality standards for car-
‘bon monoxide.

410.9 National primary and secondary ams-
. blent sair quality standards for
photochemical oxidants,

410.10 National primary and secondary am-

bient air quality standards for
) hydrocarbons.
410.11 National primary and secondary ams=

" bient air quality standards for ni-
trogen dioxide,

Appendix A—DMethod for Determination
of Sulfur Dioxide (Pararosaniline
Method).

Appendix B—FProcedure for Determination of
Suspended Particulates (High Vol-
ume Method).

Appendix C—Method for Continuous Meas-
urement of Carbon Monoxide (Non-

ive Infrared Spectrometry).

Appendix D—Method for Determination of
Oxidants (Neutral Buffered Potas-
sium Yodide Method). “

Appendix E—Part 1: Method for Continuous
Aeasurement of Hydrocarbons
(Flame Ionization Method).

Part 2: Method for Measurement of
Methane, -
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Appendix F—Mcthod for Determinatfon of
Nitrogen Dioxide in the Atmosphere
(24-Hour Sampling Method).

§ 410.1 Definitions,

(a) As used in this part, all terms not
defined herein shall have the meaning
given them by the Act.

(b) “Act” means the Clean Air Act,
as amended (Public Law 91-604).

(¢) “Agency” means the Environmen-
tal Protection Agency.

(d) “Administrator” means the Ad-
ministrator of the Environmental Pro-
tection Agency.

§ 410.2 Scope.

(a) National primary and secondary
ambient air quality standards under sec-
tion 109 of the Act are set forth in this
part.

(b) National primary ambient air
quality standards define levels of air
quality which the Administrator judges
are necessary, with an adequate margin
of safety, to protect the public health,
National secondary ambient air quality
standards define levels of air quality
which the Administrator judges neces-
sary to protect the public welfare from

.any known or anticipated adverse effects

of a pollutant. Such standards are sub-
ject to revision, and additional primary
and secondary standards may be promul-
gated as the Administrator deems neces-
sary to protect the public hexlth and
welfare.

(c) The promulgation of national pri-

‘mary and secondary ambient air quality

standards shall not be considered in any
manner to allow significant deterioration
of existing air quality in any portion of
any State.

(d) The proposal, promulgation, or re-
vision of national primary and secondary
ambient air quality standards shall not
prohibit any State from establishing am-
blent air quality standards for that State
or any portion thereof which are more
stringent than the national standards.

§ 410.3 DMeasurement corrections,

All measurements of air quality are
corrected to o reference temperature of
20° C. and to a reference pressure of 760
millimeters of mercury.

§ 410.4- National primary ambient air
quality standards for sulfur oxides
(sulfur dioxide).

'The nationgl primary ambient air
quality standards for sulfur oxides,
measured as sulfur dioxide by a method
referenced to the pararosaniline method,
as described in Appendix A to this part,
are:

(a) 80 micrograms per cubic meter—
annual arithmetic mean,

(b) 365 micrograms per cubic meter—
maximum 24-hour concentration not to
be exceeded more than once per year.

§410.5 National secondary ambient air
quality standards for sulfur oxides
(sulfur dioxide).

The national secondary ambient air
quality standards for sulfur oxides, meas-
ured as sulfur dioxide by a method ref-
erenced to the pararosaniline method, as
described in Appendix A to this part, are:
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(a) 60 microzrams per cublc meter—
annual arithmetic mean.

(b) 260 micrograms per cubic mefer—
maximum 24-hour concentration not to
be exceeded more than once per year.

§410.6 National primary ambient air
quality standards for particulate
matter. -

The national primary ambient air
quality standards for particulate maft-
ter, measured by the high-volume sam-
pling method, as described in ‘Appendix
B to this part, are:

() 75 micrograms per cubic meter—
annual geomen_'lc mean,

(b) 260 microzrams per cubic mefer—
maximum 24-hour concentration nof to
be exceeded more than once per year.

§410.7 National secondary ambient air
quality standards for particulate
matter.

The national secondary ambient air
quality standards for particulate matter,
measured by the high-volume sampling
method, as described in Appendix B o
this part, are: .

(a) 60 micrograms per cubic meter—
annual geometric mean.

(b) 150 micrograms per cubic meter—
maximum 24-hour concentration not to
be exceeded more than once per year.

§ 410.8 National primary and secondary
ambient air quality standards for
carbon monoxide.

The national primary and secondary
ambient air quality standards for carbon
monoxide, measured by the nondispersive
Infrared method, as deseribed in Ap-
pendix C to this parf, or egquivalent
method, are:

(2) 10 millisrams per cubic mefer—
maximum 8-hour concentration nof to
be exceeded more than once per year.

(b) 15 milligrams per cublc meter—
maximum 1-hour concentration not to be
exceeded more than once per year.

§ 410.9 National primary and secondary
ambient air quality standards for
photochemical oxidants.

The national primary and secondary
ambient air quality standards for photo-
chemical oxidants, measured by a method
referenced to the neutral-buffered 1 per-
cent potassium lodide colorimeteric tech-~
nique and corrected for inferferences due
to nitrogen oxides and sulfur dioxide, as
described in Appendix D to this part, are: -
125 micrograms per cubic meter—maxi-
mum 1-hour concentration not to be ex-
ceeded more than once per year.

§410.10 National primary and second-
ary ambient air guality standards for
hydrocarbons.

The national primary and secondary
ambient air quality standards for hydro-
carbons, measured by the flame ioniza-
tion detection method, as described in
Appendix E to this part (Part 1), and
corrected for methane in the sampled
air by the procedures described In Ap-
pendix E to this parf, or by an equiva-
lent procedure, are: 125 micrograms per
cubic meter—maximum 3-hour concen-
tration (6 to 9 am.) no$ to be exceeded
mora than once per year.
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§410.11 National primary and second-
ary ambient air quality standards for
nitrogen dioxide.

The national primary and secondary
ambient air quality standards for nitro-
gen dioxide, measwed by & method
referenced to the 24-hour sampling
method, as described in Appendix F to
this part, are:

(2) 100 micrograms per cubic meter—
gnnual arithmetic mean.

(b) 250 micrograms per cubic meter—
24-hour concentration not to he ex-
ceeded more than once per year.

APPENDIX A

PART 1~~METHOD FOR DETERMINATION OF
SULFUR DIOXIDE (PARAROSANILINE METEOD)

1. Principle and applicability of method.
1.1 Sulfur dioxide is absorbed from alr in a
eolution of potassium tetrachloromercurate
(TCM). A dichlorosulfitomercurate complex,
which resists oxidation by the oxygen in the
air, is formed.12 Once formed, this complex
{5 stable to strong oxidants (e.g., ozone,
oxides of nitrogen).

12 ‘The complex is reacted with pararos-
gniline and formaldehyde to form in-
tensely colored pararosaniline methyl sul-
fonic acid. The absorbance of the solution is
mesasured spectrophotometrically.

2. Range and sensitivity. 2.1 Concentra-
tions of sulfur dioxide in the range of 25 to
1,000 pg./m3 (001 to 040 p.pam.) can be
measured under the conditions given. One
can extrapolate to concentrations below 2B
g./m3 by sampling larger volumes of air,
but only if the absorption efficiency of the
particular system is first determined. Higher
concentrations can be analyzed by wusing
‘smaller gas samples, a larger collection vol-
ume, or a suitable aliquot of the collected
sample.

22 The lower limit of detection of sulfur
dloxide in 10 ml. TCM Is 0.75 pg. (based on
twice the standard deviation) representing &
concentration of 256 pg./ms2 SOz (0.01 p.p.m.)
in an alr sample of 30 llters.

23 PBeer's Law i5 followed through the
working range from 0.0 to 1.0 absorbance
units (0 to 27 pg. of sulfite lon in 25 ml,
final solution computed as SO2).

3. Interferences. 3.1 The effects of the
principle known interferences have been
minimized or eliminated. Interferences by
oxides of nitrogen are eliminated by sulfamic
aeld, & ozone by time-delay,® and heavy met-
als by EDTA (ethylenediaminetetraacetic
acld disodium salt) and phosphoric acld.s®
At least 60 pg. Fe(III), 10 pg. Mn(IX), and
10 pzg. Cr(¥I) in 10 ml. absorbing reagent
can be tolerated in the procedure. No signif-
jeant interference was found with 10 zg.
Cu(IX) and 22 pg. V(V).

4, Precision, accuracy, and stability. 4.1
Relative standard deviation at the 95 per-
cent confidence level is 4.6 percent for the
snalytical procedure using standard samples®

42 After sample collection the solutions
aro relatively stable, At 25° C. losses of sulfur
dioxide occur at the rate of 1.6 percent per
day. When samples are stored at 5° C. for 30
days, no detectable losses of sulfur dioxide
occur. The presence of EDTA enhances the
stability of SO, in solution, and the rate of
decay 18 independent of the concentration of
50,7

6. Apparatus.5.1 Sampling,

5.1.1 Absorber—Absorbers normally used
{n air pollution sampling are acceptable for
concentrations above 25 pg./m.? (0.01 p.pm.).
An all-glass midget impinger, as shown in
Figure 1, is recommended for 30-minute
gamples.

6.1.2 Pump—Capable of maintaining an
alr pressure differential greater than 0.7 at-
mosphere at the desired flow rate.

PROPOSED RULE MAKING

5.1.3 Afr Flowmeter or Volume Meter—
Capable of measuring air flow within =2
percent. A wet or dry gas meter, with ma-
nometer, or a speclally calibrated rotameter,
is satisfactory. A 32-gauge hypodermic
needle 1-in. long may be used as a critical
orifice to give & flow of about 1 liter/min. if
it has first been calibrated in the system. Use
8 membrane filtter to protect the needle.

5.2 Analysis.

5.2.1 Spectrophotometer—Suitable Ifor
measurement of absorbance at 548 nm. with
an effective spectral band of less than 15 nm,
Reagent blank problems may occur with
spectrophotometers having greater spectral
band width, The wavelength calibration of
the instrument should be verified. If trans-
mittance is measured, this can be converted
to absorbance:

A =1log, (I/T)

6. Reagents. 6.1 Sampling.

6.1.1 Distilled water—Must be free from
oxidants.

6.12 Absorbing Reagent (0.04 M Potas-
slum Tetrachloromercurate (TCM))-—Dis-
solve 10.86 g. mercuric chloride, 0.066 g.
EDTA (Ethylenediaminetetraacetic acld di-
sodium salt), and 6.0 g. potassium chloride
in water and bring to mark in a 1,000-ml,
volumetric flask, (Caution: highly polsonous.
If spilled on skin, flush of with water im-
mediately.) The pH of this reagent should
be approximately 4.0, but it has been shown
that there is no appreciable difference in col-
lection efficlency over the range of pH & to
pH 3.7 The absorbing reagent Is normally sta-
ble for 6 months. If a precipitate forms, dis-
card the reagent. *

6.2 Analysis.

6.2.1 Sulfamic Acid (0.6 percent)~—Dis-
sclve 0.6 g. sulfamic acid in 100 ml. distilled
water. Prepare fresh daily.

6.22 Formaldechyde (0.2 percont)-—Diiuta
5 ml, formaldehyde solution (36-38 percent)
to 1,000 ml, with distilled water, Fropare
dalily. ;

6.2.3 Stock Todine Solution (0.1 1)—FPloco
127 g. lodine in o 250-ml. benker; ndd 40 g.
potassium lodide and 25 ml. water. Stir until
all 1s dissolved, then diluto to 1,000 ml. with
distilled water.

62.4 Iodine Solution (0.01 N)—Proparo
approximately 0.01 N fodine solution by di~
luting 50 ml. of stock colutien to GO0 ml.
with disttlled water,

6.2.6 Starch Indicator Solution—Tritu-
rate 0.4 g, soluble starch and 0.002 g. moreurio
1odide (preservative) with a little water, and
add the paste slowly to 200 ml, boiling water.
Continue boiling until the solution 13 clear;
coo)l, and transfer to o glass-stoppered bottlo,

6.2.6 Stock Scdium Thiosulfate Solution
(0.1 N)—Prepare o stock solution by dlssolv-
ing 25 g. sodlum thiosulfate (Na-S3,0:6H:0)
in 1,000 ml freshly bolled, cooled, distilled
water and edd 0.1 g. sodium carbonnte to
the solution. Allow the solution to stand 1
day before standardizing, To standardize,
accurately welgh, to the necarest 0.1 mg., 1.5
g. primary standard potassium lodate dried
at 180° C. and dilute to volume in a 500-ml
volumetric flask, To n 500 ml. iodine flask,
plpet 60 ml, of fodate solution. Add 2 g,
potassium lodlde and 10 ml, of 1 N hydro=
chloric acid. Stopper the flask, Aftor b min-
utes, titrate with stock thicsulfate golution
to a pale yellow. Add 5 ml, starch indicator
solution and complete the titration, Calou-
late th% normality of the stock solution.

= X2.80

N—M ®

N=Nt301imauty of stock thlosulfate golus

on.

M= Volume of thiozulfate required, mi,

W=1Welght of potassium fodate, prams,

2.60= 103 (conversion of g. to mg.) X0.1 (fraction icdate used)

35.67 equivalent welght of potassium lodate

6.277 Sodium Thiosulfate Titrant (0.01
N)—Dilute 100 ml. of the stock thlosulfate
sclution to 1,000 ml, with freshly boiled dis-
tilled water.

Normality = Normality of Stock Solution
X 0.100,

6.2.8 Standardized Sulfite Solution for
Preparation of Working Sulfite-TCM Solu-
tlon—Dissolve 0.30 g. sodium metabisulfite
(N8,8,0, or 040 g. sodlum sulfite (Na,$O,)
in 500 ml. of recently boiled, cooled, distilled
water. (Sulfite solution is unstable; it Is
therefore important to use water of the
highest purity to minimize this instability.)
This solufion contains the equivalent of 320
to 400 pg./ml. of SO,. The actual concentra-
+ion of the solution is determined by adding
excess iodine and back-titrating with stand-
ard sodium thiosulfate solution. To back-
titrate, pipet 50 ml. of the 0.01 N iodine into
each of two 500-ml. iodine flasks (A and B).
To flask A (blank) add 25 ml. distilled water,
and to flask B (sample) pipet 25 ml. sulfite
solution, Stopper the flasks and allow to
react for 5 min, Prepare the working sulfite-
TCM Solution (6.2.9) at the same time lodine
solution 1s added to the flasks. By means of o
buret containing standardized 0.01 N Thio-
sulfate, titrate each flask in turn to a pale
yellow, Then add 5 ml. starch solution and
continue the titration until the blue color
disappears.

6.2.9 Working Sulfite-TCM Solution—
Pipet accurately 2 ml. of the standard solu-

_tion into a 100-ml. volumetric flask and bring

+o0 mark with 0.04 M TCM. Calculate the con-
centration of sulfur dioxide in the working
solution: -
#8.50,/ml.=(4~B) () (32,000) X0.02
25

82,000=Milllequivalent wt., p£.
A=Volume thicsulfate for blank, ml,
B=Volume thiosultate for sample, ml.
N=Normality of thicsulfate titrant.
25 =Volume standard sulfite solution, ml,
0.02==Dilution factor.

This solution is stable for 30 days if kept ot
5° C. (refrigerator). If not kopt at 6° O,
prepare dafly.

6.2.10.1 Dye Specifications—Tho pararo-
saniline dye must meet the following per«
formance speclfications: (1) Tho dye must
have o wavelength of maximum asbsorbanco
at 540 nm, when assayed 1n a buffercd solu=
tion of 0.1 M sodium acetate-acetic sold; (2)
the absorbance of the reagent blanlk, which
is temperature-sonsitive (0.016 absorbanco
unit/¢ C.), should not exceed 0.170 absorbe
ance unit at 22° C. with a 1-cm. opticnl
path length, when the blank i propared ace
cording to the prescribed analytical proco-
dure and to the specified concontration of the
dye; (3) tho calibration curve (Scotlon
8.2.1) should have o slope of 0.030:0.002
absorbance units/ug. 80, at this path length
when the dye is pure and the sulfite solution
is properly standardized.

6.2.10.2 Proparation of Stock Solution—
A specially purified (99-160 percent pure)
solution of pararosaniline, which meets thoe
above specifications, 1s commerclally ovails
able in the required 0.20 pexcent concentrn«
tion (Harleco*). If this cannot bo obtained,
the stock solution may be prepared by dis«
solving 0.200 g. of the purificd dye in 100
ml. of 1 N hydrochlorlc ecld in & 100 ml.
glass stoppered graduated oylinder. (Sco
Scaringelll, et ald for the purification and
assay procedures.)

*Hartmen-Leddon, 60th and Woodland
Avenue, Philadelphia, PA 10143,
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£2.11 Pararosaniline Reagent—To a 250-
mi. volumetric fiasks, add 20 ml. stock para-
rosaniline solution. Add an additional 0.2
ml. stock solution for eech percent the
stock =2ssays below 160 percent. Then add
25 ml. 3 M phosphoric acid and dilute to vol-
ume with distilled water. This reagent Is
stable for at least 9 months., ~

7. Procedure. 7.1  Sampling—Procedures
are described for short term (30 min.) and
for long term {24 hours) sampling, One can
select different combinations of sampling
rate and time to meet special needs. Fixing
sample volume at 30 liters maintains linear-
ity between absorbance and concentration
over this dynamic range.

7.1.1 30-Minute  Sampling—Insert o
midget impinger into the sampling system,
Figure 1. Add 10 ml. TCM solution to the im-
pinger. Collect sample at 1 liter/min, for
30 min. Shield the absorbing reagent from
direct sunlight during and after sampling by
covering” the impinger with aluminum foil,
to prevent deterioration. Record the actual
volums of air by multiplying the floxr rate by
the time in minutes. Remove and stopper the
impinger, If the sample must be stored for
more than a day before analysis, keep it at
5° C. in a refrigerator (see 4.2).

7.1.2 24-Hour Sampling—Place 156-20 ml.
TCM solution in a midget impinger or &0
ml. in a larger impinger and collect the sam-~
ple at 02 liter/min. for 24 hours. Aiake
Sure no entrainment of solution resuits with
the impinger. During collection and storage
protect from direct sunlight. Record the total
volume of sample by multiplylng the flow
rate by the time In minutfes. If storage is
necessary, refrigerate at 5° C. (see 4.2).

7.2 Analysis.

721 Sample Freparation—After collec-
tion, if a precipitate is observed in the sam-
ple, remove it by contrifugation.

7.2.1.1 30-Minute Sample—Transfer the
sample quantitatively to a 25-ml. volumetric
flask; use asbout 5 ml. distilled water for
rinsing, Delay analyses for 20 min. to allow
any ozone to decompose. - -

72.1.2 24-Hour Sample—Dilute the entire
sample to 25 ml. for the midget impinger of
50 ml. for the larger impinger, with absorbing
solution. Pipet one-tenth of the sampile into
a 25 ml, volumetric flask for chemical analy-
ses. Delay analyses for 20 min. to allow any
ozone to decompose. - -

722 Determination—For each set of de-
terminations prepare a reagent blank by add-
ing 10 ml. unexposed "TCMI solution to a 25
mil. volumefric flask. Prepare a contral solu-
tion by adding 2 ml. of working sulfite-TCM
solution and 8ml. TCM solution to a 25-ml.
volumefric fiask. To each flask contalning
either sample, control solution or reagent
blank, add 1 ml, 0.6 percent sulfamic acld
and-allow to react 10 min. to destroy
the nitrite from oxides of mnitrogen. Ac-
curately pipet in 2 ml. 0.2 percent formal-
dehyde solution, then 6 ml. pararosaniline
solution. Start a laboratory timer that has
been set for 30 minutes. Bring all fasks to
volume with freshly bofled and cooled dis-
tilled water and mix thoroughly. After 30
min, and before 60 min,, determine the gb-
sorbances of the sample, reagent blank and
the control solution at 548 nm. using l-cm.
optical path length cells, Use distilled water,
not the .reagent blank, as the referencse.
{Nore: This Is tmportant because of the color
sensitivity of the reagent blank to tempera-
ture changes which can be induced in the
cell compartment of a spectrophotometer.)
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Do not allow tho colored coluticn to stond
in the absorbanes cells, beeausa a llm of dyo
may be deposited. Clean cells with olcshel
after use. If the temporaturo of the deter-
minations does not differ by more then 2° C,
from the calibration temperature (8.2), tho
reagent blank should bo within 0.03 abzorb-
ance unit of the y-intercept of tho callbrae
tion curve (82). If ths reagent blank differs
by more than 0.03 absorbanco unit, from thas
found in the calibrotlon curve, preparo &
new curve.

723 Absorbance Rango—If the sboorbe
ance of the samplo solution ranges botween
1.0 and 2.0, the sample can bo diluted 1:1 with
a portion of the rcagent blanl: and read
within a few minutes, Solutions with higher
absorbance can bo diluted up to sixfold with
the reagent; blank in crder to obtaln on-ceale
readings within 10 percent of the truo ab-
sorbance value,

8. Calibration and efiiclencles. 8.1 Tiow=-
meters and Hypodermic Needlo—Calibrate
flovmeters and hypodermic necdle® agatnst
a callbrated wet test meter.

8.2 Calibration Curves.

82.1 Procedure with Sulfite Solution—
Accurately pipet gradunted amounts of the
working sulfite<TCAL colution (cuch o35 O,
0.5, 1, 2, 3, and 4 mL) into a cerles of 25-ml,
yolumetric fiasks. Add suficlent TCLI colu-
tion to each finck to bring the volume to
approximately 10 ml. Then odd the remain-
Ing reagents as deseribed in 7.2.2. For maxzi-
mum precision use o constant-temperature
bath. The temperature of callbration must
be maintained within #1°* O, and in the
range of 20 to 30° C. Tho temperaturc of
calibration and thoe temperature of analysls
must be within 2 degrees, Plot the abcorbance
against the total concentration in pg. SO: for
the corresponding solutlon. “The total pg, 50y
in solution equals the concentration of tho
standard (Section 6.2.9) in zg. 50,/ml. times
the ml. sulfitp solution added (sg. SOs=pg./
ml. S§0:Xml. added). A linear relationship
should be obtained, and tho y-intercept
should be within 0.02 abcorbance unit of the
zero standard abesorbance. For maximum pre-
cislon determine the ling of best fit using
regression analysis by the method of least
squares. Under theso conditions tha plot need
be determined only once to determino the
calibration factor (reciprocal of tho slopo of
the line). (Sco Section 6.2.10.1 for speclfica-
tions on the slope of the calibration curve.)
This callbration factor can bo uced for cal-
culating results provided there are no radi-
cal changes In temperature or pH. At least
one control sample contalning a known con-
centration of S§0: for each cerles of doter-
minations, i3 recommended to insure tho
reliability of this factor,

822 Procedure with 80: Gas—Seo Part 3.

8.3 Sampling Eficlency-—Collection efil-
clency is above 98 percent; efliclency may fall
off, howover, at concentrations below 25
pg./m33e

9. Calculations. 9,1 Converzion of Volumo—
Convert the volume of alr sampled to tho
volume at standard conditicns of 25° O,
760 mm, Hg.:

298

P
V=V ) —=X
760 (t+273)
V:=Volume of alr at 25°* O, cnd 760 mm,

Hg.
=Volumse of alr campled, liters,
P=Barometric pressure, mm. HY.
t="Temperature of alr cample, *C.

Ordinarily, the correctlon for preciure 13
slight and may be neglected.
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02 Gulfur Dicxids Concentration—Com-
puta tho concontration of sulfur diczide in

the comple by the following formula:
(A=A} (16°) (D)
80:, r2.fm3
Vs

A=8ampleabcsrbance.
As=FRocagent blanlk absgrbonce.
1F=Convercion of Uters to cublec maters.
Vis=The camplo volumae corrected to 23° C.
and 769 ram. H,, Hteras,

1
B=z =calibration. fae-
Slopact ealibration tor, £ abm
gorbance unit
curve, obsorb-

anceunits/ug.

2.1 Converclon of z3./m3 to p.pm—If
desired, tho concentration of sulfur dioxide
may ba caleulated a3 p.pam. SO: ot standard
conditions os follows:

p.pm. SO;=£32. S0:/m3 3210~
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PART 2

A, Gaseous calibration. Certified permea~
tion tubes containing Uguified sulfur dlox-
ide aro avallable from the Natlonal Bureau
of Standards and may be used for gaseous
calibration.
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(1) Commercially available permeation
tubes* may be calibrated as follows: Obtain
an FEP TeflonR permeation tube that emits
sulfur dioxide at a rate of 0.2 to 0.4 pug./
min. (0.08 to 0.16 ul./min. at standard con-
ditions of 26° C, and 1 atmosphere.) A per-
meation tube with an effective length of 2 to
4 cm., and outer diameter of 0.63 cm. will
yleld the desired permeation rate if held
at a constant temperature of 20° C. Using
the system shown in Figure 2, calibrate the
tube gravimetrically at the intended operat-
ing temperature to a precision within +2
percent. The temperature of the tube must
be controlled within 0.1° C. Permeation
tubes are calibrated under a stream of dry
nitrogen to prevent the formation of blis-
ters in the walls and sulfuric acid inside
the tube. Pericdically, about every 4 days,
remove the bubbler from the constant tem-~
perature bath and thoroughly dry the bub-
bler, Remove the permeation tube from the
bubbler with a Teflon-tipped forcep and
welgh the tube to the nearest 0.1 mg. Re-
cord weight and time to the nearest minute.
Immediately return tube to bubbler and
bubbler to bath. Plot gross weight (10. mg.
to the inch) against time (1,000 minutes to
the inch). Compute the slope of the linear
portion from the line that best fits the
points. Linear regression is recommended.
Alternately, tubes can be rapidly calibrated
using a coulometric SO, analyzer operating
under ideal conditions.x

(2) A system designed for the preparation
of standard concentrations of sulfur dioxide
in the laboratory is shown in Figure 3. (Al-
ternately, the apparatus shown in Figure 2
for gravimetric calibration and field use may
be used.) Assemble the apparatus, consist-
ing of a water-cooled condenser, a constant-
temperature water bath maintained at 20°
C., a cylinder containing pure, dry air or
nitrogen, and appropriate pressure regula-
tors, needle valves, and flow meters for
the nitrogen and dry air diluent gas streams.
'The diluent gases are brought to tempera-
ture by passage through & 2-meter copper
coil immersed in the water bath. Insert a
calibrated permeation tube into the central
tube of the condenser maintained at 20° C.
by circulating water from the constant-tem-
perature bath and pass a stream of air or
nitrogen over the tube at a fixed rate of
approximately 60 ml./min. Dilute this gas
stream to the desired concentration by vary-
ing the air flow rate. Normally this flow rate
can be varied from 1.1 to 15 liters/min, The
flow rate of the sampling system determines
the lower limit for the flow rate of the
diluent gases. With a tube permeating sul-
fur dioxide at a rate of 0.4 ug./min., the
range of concentration of sulfur dioxide will
he between 27 and 260 ug./m3 (001 to
0.14 p.p.m.), a generally satisfactory range
for ambient air conditions. When higher
concentrations are desired, calibrate and
use longer permeation tubes.

*Avatlable from Metronics, Inc., 3201
Porter Drive, Palo Alto, CA 94304 and Ang-
Iytical Instrument Developments, Inc., 250
South Franklin Street, West Chester, PA
19380.
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B. Procedure for opreparing calibration
curves. One can prepare a multitude of
curves by selecting different combinations
of sampling rate and sampling time. (Cal-
ibration should be made under the same
conditions used in sampling and analyses).
Twenty-four hour samples must be call-
brated for 24 hours. The above description
represents a typical procedure for simulating
ambient air sampling of short duration. The
system is designed to provide an accurate
measurement of sulfur dioxide {n the range
of 001 to 0.5 p.pm. It can be modified
easily to meet special needs. The concen-
tration of standard SO, in air is compute
as follows: -

Prxi1os
C=—
R-+1

C=Concentration of SO;, pg./ma3
Pr=Permeation rate, yg./min.
R=Flow rate of diluent air, liters/min.
r=Flow rate of diluent nitrogen, liters/
min,

Data for a typical calibration curve are listed
in Table I. A plot of the concentration of
sulfur dioxide in pg./m3 (X-axis) against
absorbance of the final solution (Y-axis) wiil
yield a straight line, the reciprocal of the
slope of which is the factor for conversion of
absorbance to ag./m}? This factor includes
the correction for collection efficlency. Any

deviation from linearity at the lower concen-

tion efficiency of the sampling system,
Actually, the standard concentrationy of 25
ng./m3 and below of sulfur dloxlde are
slightly below the dynamic ranpo of tho
method. If this 1s the range of intorest, tho
diluent air stream must be adjust to deliver
these lower concentrations, and theo total
volume of air collected must bo inereased to
obtain sufilelent color within the dynamto
range of the procedure. The caltbration factor
must be reestablished, if collection efficienoy
differs significantly from that obtained absve
25 pg./m3 The remeainder of the analyticnl
piroce’;lure is the same ps desoribed in seo-
tion 7.

TABLE 1—TYFICAL CALIDRATION DATA

Concentratfons  Amount of S0z In “Abcorbanee of

of 80, pe./ma ng. for 30 Hters samiple
15 0.45 0,013
25 0,76+ 0,0
109 3.0 0, 0%
204 0.0 0.170
o 16,0 0,448
£00 21,0 0,710
1000 30,0 0,405
1100 3.0 0, 085
SOz, pg/MI=AXF,
‘Where:
F=1.1x103=factor, as derlved from equa=
tion in 9.2.

A==Absorbance of eolutfon for 30 llters of
sample and a volume of 26 ml, for the

tration range indicates a change in collec- colored solution,
HYPODERMIC.
Yo . NEEDLE
— IMPINGER —BT : 77»-
::_l" ) m—— ~ RUBBER 0AIR
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0ml '
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D
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Figura 1. Sampling traln,
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PROCEDURE ¥OR DETERMINATION OF SUSPENDED
PARTICULATES (HIGH VOLUME ATETHOD)

1. Principle and applicability. 1.1 Air 1s
drawn into a covered housing and through a
filter by means of a, high-flow-ra%e blower at
& flow rate (1.13 to 1L.70 m3smin; 40 to 60
ft3/min.) that allows suspended particles
having diameters of less than 100 am,
(Stokes equivalent diameter) to pass to the
filter surface! The particles are ordinarily
collected on & glass-fiber filter within the
size range of 100 to 0.1 gm. dlameter.

1.2 The mass concentration of suspended
particulate in the ambient alr (gg./m3) is

70 jthOD
J FLOWMETER
OR CRITICAL,
CYLINDER
— AIRCR
R HITRIGDY
THERUOMETER
. STIRRER
WATERGATH
PERUEATION TUBE ‘BUBBLER
‘Flawe-2 Apparatus for gravicsotric cal{brallon aad fleld voe,
C e - \d
1 I @-—c!.sm DRYAIR .
O NEEDLE VALVE -
FLOWMETER
oR
DRY TEST
NETER . f
ERUEATION TUBES S THERUOUEYTER
,——/ S — L
pe——————— =
= rtowsmx
- O] o
- et F—{ CRITICAL ORIEIST
HIXING ] o
- P ORI ) —m— Al GLAE
PURIFIED ] g | — T
P X
cvioeR
3 GAMPLTG
oot} NTROGR
WATCR
o
Y
WASTE
Figae 3, Pomestlen tuba sehemalis for lotoxlvy 1o "
AFFENDIX B computed by measuring tho moass of collected

particulate and the volume of air sampled.

13 ‘This method is applicablo to measure-
ment of the mass concentration ¢f guspended
particulate In ambicent atr, This method docs
not control the flow of alr during campling
and for this reason 1s most applicable to
‘trend measurement. ‘The slce of the sample
collected 1s wususlly sadequats for other
analyses,

2. Range and sensitivity.’2.1 When the
sampler i{s operated at an average flow rate
of 170 m.3/min, {C0 {t3/min.) for 24 hours,
an adequate sample will bo obtained even in
an atmosphere having concentrations of gus-

pended particulate as low as 1 go./m3 It
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particulate levels are unusually bigh, s sat-
i=foctory sample may be obtained In € to 8
hours or lecs. For determination of dverage
concentrations of suspended particulate in
osmblent alr, o standard campling perfod of
24 hours 15 recommended.

22 Yelghts are determined to the nearest
milligram: air flow Iates are determined to
the nearect 0.3 m3/min. (1.0 ££3/min.)
times ore determined to the nearest 2 min.
and macg concentrations are reported to the
nearest microgram per cubic meter,

3. Interferences. 3.1 Porticulate that i3
olly, such as photochemlical emog or woocd
cmoke, may block the filter and causze a rapid
drop in alr fiow af o nonuniform rate. Dense
foz or higa humlidity can couse the filter
to becoms too wet and ceverely reduce the
alr dow through the fiiter,

32 GQGlocs-fiber filters are comparatively
Incensitive to chango in relative humidity,
but collected particulate can be hygroscople2

4, Precision, accurcey, and stability. 4.1 At
on averagoe mass concentration of 112 £3./m3
of particulate matter in amblent alr the
ctandanrd deviation 15 10 22./m.3 (correspond-
ing to a relotive standard deviation of 9 per-
cont); ot an average of 39 4£3./m.3 the stand-
ard deviction 15 6 z3./m3 (correspending to
a relative standard deviation of 15 percent) *

42 The pecuracy with which the sampler
mecsures the true average concentration de-
pends upon the degree of constant alr flow
rato malntained’in the sampler, The alr flow
rate is affected by the concentration and the
nature of tho dust in the atmocphere, which
may clog the filter and significantly reduce
the alr flow rate. Under theso conditions the—
error in the mencured average concentration
may be as much a3 450 percent or more of
tho true average concentration, depending on
the amount of reduction of air flow rate and
on the variation of the mass concentration of
dust with time during the 2i-hour sampling
periods

5. Apparatus. 5.1 Sampling.

6.11 Sampler~The sampler consists .of
three units: (1) the face plate and gasket,
(2) tho fliter adapter assembly, and (3) the
motor unit, Plgure 1 shows an exploded view
of these parts, thelr relationschip to each
other, and how they are assembled. The sam-
pler must be capable of passing environmen-
tal alr through a 406.5 cm.? (63 in2) portion
of a clean 20- by 25-cm. (8~ by 10-in.) glass-
fiber filter at a rate of at least 1.70 m3/min.
(60 ft3/min)). The motor must be capable
of continuous operation for 22-hour periods
with input voltages ranging from 110 to 120
volts, 60-€) cycles slternating current and
must have third-wire safety ground. The
housing for the motor unit may be of any
convenient construction £o long as the unit
remains air-tight and leak-free. The life of
the sampler motor can be extended by Iswer-
ing the vcltage by about 10 percent with &
small "buck or boost” transfermer between
the sampler and power outlet.

5§12 Sampler Shelter—If i3 important
that the sampler be properly installed in a
sultable chelter. Tho shelter is subjected to
extremes of environmental conditions such
a3 high and low temperature3, extremes of
humidtty, and all types of sir pollutants, For
thess reasons the materials of the shelter
must ba chosen carefully. Properly painted
extezior plywood or heavy gauge aluminum
cerve well, The sample must be mounted
vertically in tho chelter so that the placs-
fiber fliter i3 parallel with the ground. The
chelter must be provided with a roof so that
the filter i3 protected from preciplitation and
debris. The clearance area between the edge
of the roof and the main housing should be
€45465 cm? (100410 in.*). The main hous-
ing should be rectangular, with dimensions
of 29 by 36 cm. (1115 by 14 1n.).
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5.1.3 Rotameter—Marked in arbitrary
units, frequently 0 to 70, and capable of
being calibrated,

5.1.4 Orifice Calibration Unit—Consisting
of a metal tube 7.6 cm. (3 in,) ID and 1569
cm. (634 in.) long with a static pressure tap
5.1 cm. (2 in,) from one end. The tube end
nearest the pressure tap is flanged to about
10.8 cm. (414 in.) OD with a male thread of
the same size as the inlet end of the-high-
volume air sampler. A single metal plate
9.2 cm. (3% in.) in diameter and 0.24 cm.
(%52 in.) thick with a central orifice 2.9 cm.
(114 in.) in diameter is held in place at the
air inlet end with a female threaded ring. The
other end of the tube is flanged to hold a
loose female threaded coupling, which screws
on to the inlet of the sampler. An 18-hole
metal plate, an integral part of the unit, is
positioned between the orifice and sampler
to simulate the resistance of a clean glass-
fiber filter.

5.1.5 Differential Manometer—Capable of
measuring to at least 40 cm. (16 in.) of
water. -

5,16 Flow Measuring Device—Positive
displacement type; calibrated in cubic meters
or cublc feet, to be used as a primary
standard.

5.177 Barometer—Capable of measuring
atmospheric pressure to the nearest mm.

6.1.8 Folders—NManila cardboard folders,
22 by 28 cm. (815 by 11 in.) creased.

5.2 Analysis.

5.2.1 Balance Room Environment—>Main-
tained at 16 to 35° C. and less than 50 percent
relative humidity.

5.2.2 Analytical Balance—Equipped with
a weighing chamber designed to handle un-
folded 20~ by 25-cm. (8- by 10-in.) filters
and having a sensitivity of 0.1 mg.

52.3 Light Table—Of the type used to
view X-ray films,

524 Numbering Machine—Capable of
printing identification numbers of 4 to 8
digits on the filter.

6. Reagents. 6.1 Filter Media—Glass-fiber
filters having a collection efficiency of at
least 99 percent for particles of 0.3 um.
diameter, as measured by the DOP test,
are suitable for the quantitative measure-
ment of concentrations of suspended particu-
late, although some other medium, such as
paper, may be desirable for some analyses.
Care must be exercised to prevent use of
filters that contain high background concen-
trations of the pollutant being investigated.
Careful quality control is required to deter-
mine background values of these pollutants.

7. Procedure. 7.1 Sampling.

7.1.1 Filter Preparation—Place each filter
on a light table and inspect for pinholes,
dark particles, or other imperfections. Filters
with visible imperfections shouid not be used.
A small brush is useful for removing par-
ticles, Equilibrate the filters to the conditions
of the balance room for 24 hours, Weigh
the fiiters to the nearest milligram; record
tare weight and filter identification number.
Do not bend or fold the filter before collec~
tion of the sample.

7.1.2 Sample Collection—Open the shel-
ter, loosen the wing nuts, and remove the
face plate from the filter holder. Install a
numbered, prewelighted, glass-fiber filter in
position (rough side up), replace the face
plate without disturbing the filter, and fasten
gecurely. Undertightening will allow air leak-
age, overtightening will damage the sponge-
rubber face-plate gasket. A very light appli-
cation of talcum powder may be used on the
sponge-rubber face-plate gasket to prevent

* the filter from sticking., During inclement
weather the sampler may be removed to a
protected area for filter change. Close the roof
of the shelter, run the sampler for about
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5 min,, connect the rotameter to the nipple
on the back of the sampler, and read the
rotameter ball with rotameter in a vertical
position, Estimate to the nearest whole num-
ber. If the ball is fluctuating rapidly, tip the
rotameter and slowly straighten it until the
ball gives a constant reading. Disconnect the
rotameter from the nipple; record the initial
rotameter reading and the starting time and
date on the filter folder. The rotameter should
never be connected to the sampler except
when the flow is being measured. Let the
sampler run for the desired time (usually
24 hours) and take a final rotameter reading.
Record the final rotameter reading and end-
ing time and date on the filter folder. Remove

the face plate as described above and care- .

fully remove the filter from the holder, touch-
ing only the outer edges. Fold the filter
lengthwise so that only surfaces with col-
lected particulate are in contact, and place
in a filter folder. Record on the folder the
filter number, location, and any other fac-
tors, such as meteorological conditions or
razing of nearby builldings, that might affect
the results. If the sample is defective, vold
it at this time. In drder to obtain & valid
sample, the high-volume sampler must be
operated with the same rotameter and tubing
that were used during its caltbration,

7.1.3 Maintenance.

7.1.3.1. Sampler Motor—Replace brushes
before they are worn to the point where
motor damage can occur.

7.1.3.2 Face Plate Gasket—Replace when
the margins of samplers are no longer sharp.
Seal the gasket to the face plate with rubber
cement or double-sided adhesive tape.

7.1.3.3 Rotameter—clean as required,
using alcohol.

7.2 Analysis

7.2.1 Equilibrate the exposed filters for 24
hours in the environment of the balance
room, then reweigh, After they are weighed,
the filters may be saved for detailed chemical
analysis.

8. Calibration. 8.1 Sampling—Since only
& small portion of the total air sampled
passes through the rotameter during meas-
urement, the rotameter must be caltbrated
egainst actual air flow with the orifice call-
bration unit. Before the orifice calibration
unit can be used to calibrate the rotameter,
the orifice calibration unit itself must be
calibrated against the positive displacement
primary standard.

8.1.1 Orifice Callbration Unit—Attach the
orifice calibration unit to the intake end of
the positive displacement primary standard
and attach a high-volume motor blower unit
to the exhaust end of the primary standard.
Connect one end of a differential manometer
to the differential pressure tap of the orifice
calibration unit and leave the other end
open to the atmosphere. Operate the high-
volume motor blower unit so that a series of
different, but constant, air flows (usually
six) are obtained for definite time periods.
Record the reading on the differential ma-
nometer at each air flow. The different con-
stant air flows can be obtained elther by
placing a serles of load plates, one af a time,
between the calibration unit and the primary
standard or by varying the speed of the sam-
pler motor with a variable speed fransformer
with the No. 18 plate in position. The latter
method is considerably more convenient and
flexible. Placing the orifice before the inlet
reduces the pressure at the inlet of the pri-
mary standard below atmospheric; therefore
a correction must be made for the increase in
alr volume cdused by this decreased inlet
pressure. Attach one end of a second differ-
ential manometer to an inlet pressure tap
of the primary standard and leave the other
end open to the atmosphere. During each of
the constant air flow measurements made

above, measure the true inlet pressure of tho
primary standard with this second differenw«
tial manometer. Measure atmospherie pres«
sure with a barometer, Correct tho measured
air volume to true alr volume a$ direoted In
9.1.1 then obtain true alr flow rate, @, a3 di«
rected in 9.1.2, Plot the differentia]l manome«
eter readings of the orifico unit versues Q.

8.1.2 High-Volume Sampler—Ascoemble o
high-volume sampler with a clean filter In
place and run for at least 6 min, Attach a
rotameter, read the ball, adjust ¢o that the
ball reads 65, and seal the adjusting mechan«
ism so that it cannot be changed easlly, Shut
off motor, remove the filter, and attach the
orifice callbration unit in its place. Operate
the high-volume sampler at a sorles of diffor«
ent, but constant, alr flows (usually si1x). Ro~
cord the reading of the differontial mario«
meter on the orifice calibration unit, and ro«
cord the reading of the rotameter at ecach
flow. Convert the differentinl manometer
reading to m#/min., @, then plot rotameter
reading versus Q.

8.1.2.1 If the pressure or tomporature
during high-volume sampler calibration is
substantially different from the pressure or
temperature during orifice callbration, n cor«
rection of the dow rate, @, may be required.
If the pressures differ by no more than 16
percent and the tempeoratures differ by no
more than 100 percent (°C.), the error In the
uncorrected flow rate will be no more than
15 percent. If necessary, obtain the correoted
flow rate as directed in Appendix ¢, This cor«
rection applies only to orific meters having a
constant orifice coefficient, Tho coefliclont for
the callbrating orifice described in 6.1.4 has
been shown experimentally to be constant
over the normeal operating range of the high«
volume sampler (0.6 to 2.2 m3/min.; 20 to 18
it3/min.).

9. Calculations, 9.1 Calibration of Orifice.

9.1.1 Calculate the true air volumeo meanye
ured by the positive displacement primary
standard.

PaVa=PuVs
. Pyu=Pg~Pm

Combining these relationships:

(Pa—Pu)
Vam—2= 22 (V).

Va=Volume of air at atmospheric preg«
sure, m3
Pa=Barometric pressure, mm, Hg,
Py=Pressure at inlet of the primary
standard, mm, Hg,
Pmz==Pressure difference betweon inlet of
primary standard and atmospherto,
mm, Hg.
Vm=Volume measured by primary stande
ard, mz3
9.1.1.1 Conversion Factors:
In. waterX73.48:10°=in, Hy,
In. Hg. X 25.4=mm. Hg,
Cubic feet £ 0.0284=m 2

9.1.2 Calculate flow rate:

Va
Q=— :
T

@=Flow rate, m.*/min,
T'=Time of flow, min,
9.2 Sample Volume,

9.2.1 Convert the initial and final rotame
eter readings to mJs/min, using callbration
curve of 8.1.2,

9.2.2 Calculate volume of alr sampled,

Q+-+-Qr
Ve

b

V=Alr volume sampled, m.?
Qi=1Initial alr flow rate, m.>/min,
Qr=Final alr flow rate, m,’/min,

T=Sampling time, min, ”
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9.3 Caleulate mass concentration of sus-
pended particulate. .

(W= Wey X100
SP.=

V -
S.P.=Mass concenfration of suspended
particulate, pg./m3
Wi=Initial weight of filter, g.
Wr=Final weight of filter, g.
V="=24ir volume sampled, m?
108=Conversion of g. to sg.
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APPENDIX C

RIETHOD FOR CONTINUOUS MEASURELIENT OF
CARBON MONOXIDE (NONDISPERSIVE IINFRARED
SPECTROMETRY?}

.1, Principle and applicadbility. 1.1 The
measuring principle makes use of absorption
of radiation by CO in the infrared reglon.
The absorption is measured by & photometer
with two parallel beams and a selective de-
tector. A source emits energy in the infrared
reglon. One beam passes through a reference
cell filled with nonabsorbing gas. Both beams
pass into a detector cell, which contains, CO.
The CO in the detector absorbs the infre-ed
radiation only at 1ts characteristic frequen-
cles and thus the detector is sensitive only to
those frequencies. With no CO in the sample
cell, the detector is balanced for egqual ab-
sorption from both beams. Any CO present
in the sample cell will absorb some of the
radiation and reduce the amount entering
the detector from that beam. This reduces
the temperature and hence the pressure In
one chamber of the detector, causing a dia~
phragm to be displaced. This movement is
detected electronically and amplified to pro-
vide an output signal,

12 The sample introduction pump msay
be bypassed for analysis of gases under pres-
sure, as is sometimes done with the callbra-
tion gases.

No. 21—Pt, T——2

2. Range and sensitivity., (Seo definitlons.)
2,1 Instruments are avallable that meas-
ure in the range of 0 to 48 mg/msd (0-60
p.pa.), which is the range most commonly
used for urban atmospheric sampling; most
instruments measura in additlonnl ranges—
typically 0 to 29 and 0 to 115 mg./m?

22 Sensitivity is 1 percent of full-ccale
response per 0.6 mg./m3 (0.6 p.p.m.).

3. Interferences. 3.1 Tho degreo of lnter-
ference varies among individunl instruments.
The effect of carbon dioxido interference ot
normal concentrations {3 minimal, Tho pri-
mary interferenco is cauced by water vopor.
Vith no corrective measurcs, interferenco-
from vwater may be as high as 13 mg/md
TWater vopor interference may bo minimized
by {8) passing the alr sample through cllica
gel or similar drying agents, (b) maintaining
constant humldity in the sample and call-
bration gases by refrigeration, (o) caturat-
inpg the air sample and callbration gases to
maintain constant humidity, (d) uclng nar-
row-band optical fliterz, or (o) combining
some or all of thezs measures.

32 Hydrocarbons at ambient lovels do not
cause Interferences, Effects of speelfic hydro-
carbons are generally rated cn tho manufnc-
turer's specification sheats for the individual
analyzer.

4. Prceision, accuracy, and stabdility, 4.1
Precision with stondard callbration gases is

1500

#0.5 percent foll czalo In the 0-C8 m3./mS®
ranre, |

42 Accuracy I3 depondent on instrument
linearity ond abeolute concentration of the
callbration fases used. Generally, accuracy Is
=1 pcreent of full sealo In the 0-53 m3./m3
rango,

43 DLeets of variations in amblent room
temporaturo nro considerable. Chonges as
much £3 0.5 mg./ma3 per © C, have been nofed.
The effects can bo minimized by operating
the analyzer in a controlled-temparature
rogm. Further, pressure changes between
cpan checks will cauge proportional changes
in the reading. If cell temperature and pres-
sure are accumed constant, however, ZzIo
drift observed with varlous instruments 1o
les3 than -1 percent in 24 hours.

6. Apparatus—5.1 Commerciolly arailablz
NDIR carbon monoxide gnglyzer. Instruments
chould ba installed on location and demon- |
ctrated, prefernably by the manufacturer, to
meet or exceed manufacturers specifications
and thoco deceribed in this method. The an-
alyzer conslsts of an infrared gource, sampls
and referonce gos cells, o detector capable of
censing dlfferences between levels of infra-
red energy in the two cells, and a control,
power supply, and amplifier unit.

§2 Sample introeduction systens. Pump,
flowz control valve, and ficwmeter.

6.3 Particulate filter (in-line). To keep
samplo cell clean, porocity of the filfer snould
bo 2to 10 microns.

4 Bloisture control. For systems with
waich constant hum!dity control 13 desired,
refrigerntion units are avallable with soms
commercial instruments. Drying tubes (with
sufiiclent capacity to operate for 72 hours)
contalning indicating cilfea gel or equivalent
drying agent moy be used for chort-term
sampling.

6. Reagents—6.1 Zero gas. Nitrogen or
hellum containing less than 0.1 mg./m2 car-
bon monoxide,

63 Cclibration gases. Gases needed for
linearity checks are determined by the range
of operation of instruments. Calibration
gaces cotresponding to 10, 20, 40, and 89 per-
cent of full ccale are needed. Gases must be
provided with certification or pguaranteed
analysls of carbon monoxide content.

6.3 Span gas. The callbration gas corre-
cpouding to 80 percent of full scale may be
used to span the Instrument.

7. Procedure. 71 Calibrate the instrument
o3 deceribed in 8.1. All gases (sample, %zero,
calibration, and cpan) must be intreduced
into tho entire analyzer system. Pigure 1
chows a typleal flow schematic. For cpecific
operating instructions, refer to the manu-
focturer’s manunl.

8. Calibration—81 Celibration curre. Do~
termino the lrpearity of the detector re-
cponse at the operating flowr rate and temper-
ature, Prepare a callbration curve or check
tho curvo furnished with the instrument.
Intreduce zero gas and cet the zero confrol
to indicate a recorder reading of zero. In-
troduce cpan gas and adjust the span control
to indicate tho proper value on the recorder
ceals (eg. on 0-63 mg./m3 ceale set 46 mz./
ms (40 p.pam.) stondard at 80 percent re-
corder chnrt). Recheck zero and epan until
sdjustments aro no longer necessary. Intro-
duce intermediate calibration gaze3 and plot
tho values obtalned, I a emooth curve 13 not
obtained, coltbration gaces should bo sus-
pected.

0. Coleulation, 91 No calculations are in-
volved in this procedure cince the concentra~
tion {3 determined directly from the calibra~
tion curvo.

03 Carbon monoxide concentration in
my/m3 can bo converted to pp.m. a3
followa?
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p.p.m. CO=mg. CO/m2X0.873

10, Bibliography. 1. MSA LIRA Infrared
Gas and Liquid Analyzer Instruction Book,
Mine Safety Appliances Co., Pittsburgh, Pa.

2, Beckman Instruction 1635B, MNModels
215A, 316A, and 415A Infrared Analyzers,
Beckman Instrument Co., Fullerton, Calif.

3, Continuous CO DMonitoring System,
Model A 5611 Intertech Corp., Princeton,
N.J.

4. Bendix-UNOR Infrared Gas Analyzers,
Ronceverte, W.Va.

11. Definitions of performance specifica-
tions used in this method—Range. The mini-
mum and meximum measurement limits.

Output. Electrical signal which is propor-
tional to the measurement; intended for con-
nection to readout or data processing devices.
Usually expressed as millivolts or milliamps
full scale at a given Impedence.

Full scale. The maximum measuring limit
for a glven range.

Minimum detectable sensitivity. The small-
est amount of input concentration that can
be detected as the concentration approaches
Zero, .

Accuracy. The degree of agreement hetween
a measured value and the true value; usually
expressed as == percent of full scale.

Lag tinte. The time interval from a step
change in input concentration at the instru-
ment inlet to the first corresponding change
in the instrument output.

Time to 90 percent response. The time in-
terval from a step chapge in the input-con-
centration at the instrument inlet to a read-
ing of 90 percent of the ultimate recorded
concentration.

Rise time (90 percent). The interval be-
tween initial response time and time to 90
percent response after a step increase in
inlet concentration.

Fall time (90 percent). The interval be-
tween inftial response time and time to 90
percent response time after a step decrease
in the inlet concentration.

Zero drift. The change in instrument out-
put over a stated time period, usually 24
hours, of unadjusted continuous operation,
when the input concentration is zero; us-
ually expressed as percent full scale.

Span drift. The change in instrument out-
put over a stated time period, usually 24
hours, of unadjusted continuous operation,
when the input concentration is a stated up-
scale value; usually expressed as percent full
seale.

Precision. The degree of agreement between
repeated measurements of the same concen-
tration and is expressed as the average devia-
tion of the single results from the mean.

Operational period. The period of time over
which the instrument can be expected to op-
erate unattended within specifications.

Noise. Spontaneous deviations from a mean
output not caused by input concentration
changes.

Interference. An undesired positive or
negative output caused by a substance other
than the one being measured.

Interference equivalent. The portion of in-
dicated input concentration due to the pres-
ence of an interferent.

Operating lemperature range. The range
of ambient temperatures over which the in-
strument will meet all performance specifica-
tions,

Operating humidily range, The range of
ambient relative humidity over which the
fnstrument will meet all performance
specifications. .

Linearity. The maximum deviation between
an actual instrument reading and the read-
Ing predicted by a straight line drawn be-
tween upper and lower calibration points.

12. Suggested minimum perjormance spec-
;’ﬁcations jor NDIR carbon monozide ana-

yzers.
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Range (minimum)... 0-58 mg./m3 (Q-50)

Span drift (maxl- 3¢./weck not to exe
m

p.p.am.). um). ceed 196/24 houra,
output (minimum)-. 0-10, 100, 1,000, Precision (maxi- = 05%.
5,000 mv. full mum).
scale. Operational pericd 3 days.
Minimum detectable 0.6 mg./m3 (05 (minimum).
- sensitivity. p.pm.). Y Nolse (maximum)... = 0.5%.
Iag time (maximum). 15 seconds. Interference equiva- 1<% of full seale,
Time to 90% response 30 seconds. lent (maximumy).
{(maximum). Operating  tempora- 5-40° Q.
Rise time (90% maxi- 15 seconds. ture range (mini-
mum). mum).
Tall time (90% maxi- 15 seconds. Operating  humidity 10-100%.
mum). range (minimum).
Zero drift (maxi- 3%/week not to ex- Linearity (maxl- 1%.
mum). ceed 1% /24 hours. mum).
SAMPLE INTRODUGTION ANALYZER SYSTEM
L
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Figure 1, Carbon ide analyzer flow diag 4
APPENDIX D 1-cm. c2lls. At concentrations b:;)low 160 pit./
3 (0.05 p.p.m.) readings may be (uite im«
JMFTHOD FOR B’:Jmm“;g;ss‘;ﬁnomfgggz precise because of the instabllity of oxldants
‘NE’;’:ZW‘ FFERED or lodine at very low concentrations,
METHOD) 2.3 ‘The above limits are based on n melor
1. Principle and applicadbility. 1.1 Asam- absorptivity of 24,200 liters/mole/cm.

ple of ambient air is drawn through =2
chromium trioxide serubber to remove sulfur
dioxide and then through two absorbers in
series containing potassium jodide reagent
to collect the oxidants.

1.2 Oxidants are defined by this method
as those compounds capable of liberating

- lodine from a 1 percent potassium lodide
solution buffered with disodium phosphate
and potassium dihydrogen phosphate. The

_iodine produced in the absorbing reagent is
measured spectrophotometrically as the tri-
,lodide jon.

1.3 This method is intended for the meas-
urement of total oxidants as ozone in the
atmosphere. However, the various oxldizing
species, such as.ozone, nitrogen dloxide,
peroxyacetyl nitrate, and peroxides are pres-
ent in widely varying concentrations and
react with the reagent at different rates, Also,
reducing compounds in the atmosphere have
a negative effect on the oxidant reading.
Thus the number obtained is a “net” oxldant
value, which describes a condition of the
atmosphere and is not the total concentra-
tion of the oxidizing species present.

2, Range and sensilivity. 2.1 Concentra-
tions of oxidants in the range of about 20 to
20,000 pg./m2 (001 to 10 p.p.m.) can be
determined.

2.2 At a sampling rate of 2 liters/min. for
15 min. using 10 ml. absorbing reagent, 20
p8-/m3 (0.01 p.p.m.) should produce an ab-
sorbance of approximately 0.025 measured in

3. Interferences. 3.1 Reduclng pgases such
as sulfur dioxide and hydrogen sulfide glve
very serious negative interferences. Sulfur
dloxide gives a 100 percent negative interfer«
ence of an equivalent molar concentration of
ozone, The interference from sulfur dioxlde,
even when it 1s present at amblent concens
trations, can be ellminated by & properly
conditioned chromium trioxide-sorubber (sco
6.3, 7.1).

32 The oxldant reading contains o
contribution of 10 percent of the molar
concentration of NO,. When a chromium tri«
oxide serubber is used, NO is converted to
NO,, thus contributing to the oxidant read«
ing to the same extent as NO.. If an oxldant
value less NO, Is desired, NO 4 NO, must be
measured simultaneously and a correction
factor of 10 percent of the NO,, concentra«
tion must be subtracted,

3.3 Glassware should be cleaned with
chromie acld, since dust or foreign materinls
may interfere.

3.4 Direct sunlight will affect the lodine
concentration.

4. Precision, accuracy, and stability. 4.1
A5 percent relative standord deviation
con be obtained at a concontration of 1,000
pf./m2 (0.5 p.p.m.) of ozone.

4.2 Accuracy cannot be defined, since the
sensitivity of the potassium lodine reagent
varies widely with the different oxidizing
species.
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43 Analysis should be completed immedi-
abtely after sampling to cbtain consistent re-
sults. This Is necessary because some oxidants
release lodine slowly to enhance color, while
fading due to slow decomposition of lodine
may occur.

5. Apparatus—5.1 Absorver. All-gloss Ima
pingers as shown in Figure 1 &re recoms-
mended. These impingers meay be purchased
irom major glassware suppliers. Two ab-
sorbers in series are needed to insure com-
plete collection of the sample.

52 .Air pump. Capable of drawing 2 liters/
min. through the absorbers. The pump
should be equipped with a needle valve at
the inlet slde to regulate flow. If a critical
orifice (5.7) is used, the pump must be capa-
ble of maintaining 0.7 atmosphere vacuum. -

53 U tube. 140 m]l, for the chromium tri-
oxide scrubber.

54 Thermometer. Or other temperature-
measuring device with an accuracy of -+2°* C.

5.5 Barometer. Atmospheric, accurate to
the nearest mm. Hg.

5.8 Wet test meter. 1 or 8 liters/revolution.

5.7 Flowmeter. Calibrated metering device
for measuring flow of 2 liters/min. within
+5 percent. A 20-gauge hypodermic needle
1 in. long acting as a critical orifice can Ye
used to give a flow of approximately 2 liters/
min,

5.8 Drying ftube. Containing an indicat-
ing drying agent to protect flowmeter.

5.9 Prescrubber. Tube fillled with granular
MnO, and charcoal to ramove oxidants.

510 Volumetric flasks, 25, 100, 500, 1,000
mil.

5.11 Buret. 50 ml,

Bb.J12 Pipets. 05, 1, 2, 3, 4, 10 25, and
50 ml. volumetric.

5.13 Erlenmeyer flasks. 300 ml,
5.14 Owven, Capable of maintalning 105°
C. -

5.15 - Spectrophotometer, Capable of
measuring absorbance at 352 nm. Matched
1-cm cells should be used.

6. Reagents—6.1 Purified water. Used for
all reagents. To distilled or delonized water
in an all-glass distillation apparatus, add s
crystal of potassium permanganate and s
crystal of barium hydroxide, and redistill,

6.2 Absorbing reagent. Dissolve 13.6-g. po-
tassium dihydrogen phosphate (KH:FO,),
142 g. anhydrous disodium hydrogen phos-
phate (Na.H PO,) (or 35.8 g. dodecahydrate
salt), and 100 g. potassium lodide (KI) in
purified water and dilute to 1,000 ml. The
PH should be 6.8+-0.2. Store the solution
In & glass-stoppered amber bottle in a cool,
dark place. It is stable for several weeks,

63 Standard arsenious oxide solution
{0.05 N). Use primery standard grade ar-
senious oxide (As.0:;). Dry 1 hour at 105°
©O. Immediately before using. Accurately
weigh 2.4 g. arsenlous oxide from a small
glass-stoppered bottle, Dissolve in 25 ml. 1 N
sodium hydroxide in fiask or beaker on a
steam bath. Add 25 ml. 1 N sulfuric acld.
Cool and transfer quantitatively to s 1,000~
mil._volumetric flask, and dilute to volume.
Nore: Solution must be meutral to litmus,

not alkaline,
. wt. As:O: (g.)
- Normality As:0s=
49.46

64 Starch indiicator solution (0.2 per-
cent). Triturate 04 g. soluble starch and
approximately 2 mg. mercuric iodide (pre-
servative) with a little water, add the paste
slowly to 200 ml. bolling water, Continue
boililng until the solution is clear, then
allow to cool, and {ransfer to glass-stop-
pered bottle,

65 Standord fodine solutfon (0.05 N)—
856.1 Przpuaration. Dissolve 5.0 g. potassium
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iodide (KI) and 3.2 g. resublimed fodine
(I;) in 10 ml, purified water. When tho
iodine dissolves, transfer the colution to a
500-ml. glass-stoppered volumetric flack. Die
lute to mark with purified water apd mix
thoroughly. Keep solution in o dark brown
plass-stoppercd bottls awny from Ught, and
restandardize &3 necessary.

6.62 Standardization. Pipet ncourately
50 ml. standard ars2nious oxide colution ints
o 300-ml. Erlenmoyer flasks, Acldify glightly
with & 1:10 cdllution of gsulfuric acld,
neutrallze with eclid codium bicarbonate,
and add about 2 g. excess. Titrate with tho
standard lodine colution using § ml, starch
solution as indicator. €aturate the colution
with carbon dioxide at end of titration by
adding 1 ml. of 1:10 sulfuric ncid just
before the end polnt is reached.

6.6 Chromium triozide scrubber. Dicsolve
126 g. chromium trioxide (CrO,) crystals
in 35 ml. concentrated sulfuric ocld and
add to 750 ml. distiiled water. Placo o 16-
by 25-cm. sheet of s finsh-fired glacs-fiber
filter in an oven raclt equipped with glacs
rod attachments to prevent the flter from
touching metal, Saturate the filter with 10
ml. chromium trioxido colution. Placs the
filter in an oven sot at 65<70* C, for 1
hour. A freshly prepared filter 13 brownich
pink. At the end of this tlme remove tho
filter and fold every 1.2 cm. along the 15-cm.

. dimension in an accordion fashion, IWhile

the sheet is folded, cut the 15-cm. length
into 10 equal widths. As each strip is cut,
placo it in the 140-ml. U-tube. Pluce five
cut strips in each tubs, rotating alternate
strips 90° so that folds will not match, Eo-
fore the scrubber is used for campling, con-
dition for several hours to czone 6t o high
concentration from an ozons cource such ag
o UV photolysis lamp. As thoe filters aboorb
molsture, scrubbing eficlency i3 decreased.
This condition is evident a3 n preen color.
Caution: YWhen working with chromium tri-
oxide and sulfuric acid, wear gloves to pro-
vent irritation of the skin,

9. Procedure—T.1 Sampling, Ascemble the
apparatus as shown {n Figure 1, Ucs ground-
glass connections upstream from the im-
pinger. Butt-to-butt connectlons with Tygon
tubing may be used. Cheok accembled system
for 1leaks, Pipet 10 ml, abzorbing reagent into
first absorber and placoe LInO, prescrubber on
the sample probe. Draw air through the pre-
scrubber and the sampling train for 16 min,
at 2 liter/min. XX an abcorbance reading at
352 nm. §s obtained, repeat until zero or con-
stant absorbance Is obtained. This
blank absorbance should bs subtracted from
the absorbonce of tho first abcorber when
analyzing for oxidants. Remove the presgrub-
ber, Pipet 10 ml, absorbing reagent fnto each
absorber, Drow ambient alr through the cam-
pling tratn at 2 lters/min. for 16 min,

72 Analysis. Immediately transfer the co-
lutions from each absorber to ceparate clean
1-cm. cells, Determine the aboorbanca of each
at 352 nm. against unexposed absorbing rea-
gent as the reference. Add the abzorbance of
the two sglutions to cbtaln total aboorbance,
Read total ag. O, from the callbrotion curve
(se0 8.2).

8. Calibration, standards, and effictencieo——
8.1 Sampling. The flowmeter must bo cnll-
brated with the sampling train accombled
and solution in tho abcorbers, Connect the
weot test meter to the sample probo and call-
brate the flowmeter,

82 Analysis, Pipet 1 ml, standard fodins
solution {nto & 100-ml, volumetric flack, Dl-
Iute to mark with abcorbing reagent. Prepare
fresh before uce, Into a series of 25-mil.
volumetric fiacks, pipet 0.5, 1, 2, 3, and 4 ml.
of diluted standard fodine solution, and di-
iute each to tho mark with sbsorbing reagent,
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AMix thorouchly, and immedintely read the
sbsorbanco of each at 352 nm. against un-
exposed abcorbing reagent as the reference.
Calculnts the consontration of the solutions
a3 total £3. O, 25 follows:

Total £3. 0:3= (V) (¢6) (V)

IV=Normality I, (cco 6.52), mez./ml.
V=Volums of diluted stcsnd._rd. In add@d.
ml. (05,1,2,3,4).

Plot ahsorbanca versus total s3. Os

83 Sampling eficlency. Sampling effi-
clency in the first- abzorber may be 30-95
percent deponding upon the impinger orifice
and the czZone concentration. When two ab-
corbers ore placed in serles ecsentially el
ozgue 15 collected.

9. Calculations—0.1 Sampling. Correct the
velume of alr campled to the volume at
standard condltions of 25° C. and 760 mm.

Hg.
P 298
Vo=V 3
7€9 £+4+273
Ve=Volume of alr at standard conditions,
Uters,
=Volume of air nt sampling conditions,
ters,
P=Barometris precsure of mercury, mm.

He.
t=Temperature of sample, *C.

93 Calculate czone concentration in g/
m3 ot ctanderd conditiéns,
(4) (10%)

£3.0sfmi3=

Ve
A=Total z7. Os read from calibration
curve.
1P=conversion of lters to cuble maters,
Ve=volume sampled at standard condi-
tions, Uters,
031 If desired, concentration of oxidant
may ba calculated 23 p.p.m. 03 at standard
conditions of 25 *0. and 760 mm, Hg.

P-pm. Os=(rg. O/m3) (5.034X10~)
Derivation of cbove equation:
(1) Totol p3. Os=[No (meq./mil) X (10
ml.) (24,000 g/

meq.) ]
(2) No=Normality of diluted calibration
standard,

1 v
No=] —(list dilution) X—(2nd ditu-
100 25

tion) ].

(3) Therefore: Total gg. Os=(N) (98) (V).

10, Bibliography. 1. Byers, D. H., Saltzman,
B. E., “Determination of Ozons in Air by
Noutral and Alkalina Jodide Procedures.”
J. Am. Indust, Hyg. Assec. 19, 251-7 (1958).

3. 8altzman, B. E., Gilber, N., “Iodometric
Microdetermination of ¢ Oxidants ang
Ozone.* Anal. Chem. 31, 1914-29 (1959).

3. Mueller, P. K., Temragilo, R. B, and
Tokiwa, Y., “Chemical Interferences in Con-
tinucus Afr Analycis” Proc., Tth Conference
on Liothods in Alr Pollution Studles, State
of California Department of Public Health,
Berkeloy, Callfornia (1985).

4. Cohen, I, R.. Purcell, T, C., and Altshunl-
ler, A. O., “Analys!s of the Oxidant in Photo-
chemlcal Reactions.” Invir, Scl. Tech., Vel. 1,
No. 3, 247 (19567).

0. Saltzman, B. E., Wartbhwrg, A. P, Jr.,
“Abzorption Tube for Removal of Interferirg
Sulfur Dloxtds in Analysis of Atmospheric
Oxidant.” Anal. Chem. 37, 779 (1955).

6. Ripley, D. L, Ciingenpeel, J. M., and
Hurn, B, W., “Continuous Determination of
Nitrogen Oxides in Alr and Exhaust Gases.™
Int, J. Alr Wat, Poll, Vol. 8, pp. 455463,
(1864).
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APPENDIX E

PART 1. METHOD FOR CONTINUOUS MEASURE-
MENT OF HYDROCAREONS (FLAME IONIZA-
TION METHOD)

1. Principle and applicadbility. 1.1 The
sampling system is an integral part of the
most commercial total hydrocarbon analyzers
designed to measure continuously the con-
centration of hydrocarbons (and other or-
ganic compounds) in the atmosphere. The
sample line is attached to the inlet and the
sample is pumped into a flame jonization
detector. A sensitive electrometer coupled
with a potentiometric recorder detects the
increase in fon intensity resulting from the
introduction into a hydrogen flame of a
sample of air containing any organic com-
pound (e.g. hydrocarbons, aldehydes, alco-
hols). The response is approximately pro-
portional to the number of carbon-hydrogen
bonds in the sample. The analyzer is cali-
brated using methane and the results re-
ported as methane equivalents. See adden-
dum for description of method for measure-
ment of methane.

1.2 The sample introduction pump may
be bypassed for analysis of gases under pres-
sure as is done with calibration gases.

2. Range and sensitivity. 2.1 The range
of the analyzer may be varied so that full
ecale may be 2.6 mg./m3 (4 p.p.m.) to 1960
mg./m3 (3,000 p.p.m.) hydrocarbon as
methane by varying the attenuation and the
sample flow rate to the detector. The 13
mg./m2 (20 p.p.m.) range is normally for
atmospheric sampling.

2.2 Sensitivity is 1 percent of full scale
recorder response,

3. Interferences.3.1 Carbon atoms bound
to oxygen, nitrogen, or halogens give reduced
or no response. There is no response to nitro-
gen, carbon monoxide, carbon dioxide, or
water vapor.

4, Precision accuracy and stability. 4.1
Precislon 1s approximately 0.5 percent full
recorder scale on the 13 mg./m.2 (20 p.p.m.)
scale,

4,2 Accuracy is dependent on instrument
linearity and absolute concentration of the
calibration gases used. Generally, accuracy
16 +-1 percent of full scale on the 0-13 mg./m.3
range. -

4.3 Zero drift necessitates frequent cali-
bration. The magnitude of the drift depends
" on the air flow rate, sample flow rate, fuel
flow rate, ambient temperature changes,
detector contamination, and electronic drift.
Zero drift observations on various instru-
ments indicate 2 percent/24 hours on the 13
mg./mJ3scale,

5, Apparatus—5.1 Commercially available
total hydrocarbon analyzer. Instruments oh-
tained should be installed on location and
demonstrated preferably by the manufac-
turer to meet or exceed manufacturers

specifications and- those described in this
method. Generally, hydrocarbon sanalyzers
consist of a regulated fuel and alr delivery
cystem for the hydrocarbon burner, a regu-
lated sample injection system, electrometer
for measuring the flame lon current, meter
readout with connections for a recorder, and
e sample pump. ‘

52 Recorder. Potentiometeric type, com-
patible with analyzer with an accuracy of
0/5 percent or better.

5.3 Sample, line. Any tubing that is not
& source interferences or an absorbant of hy-
drocarbons. Inert materials such as glass,
stainless steel, and Teflon are recommended,

6. Reagents—86.1 Combustion air. High
purity air containing less than 1.3 mg./m.s3
(2 p.pm.) hydrocarbon as methane.

6.2 Fuel. Hydrogen or a hydrogen-inert
gas mixture; when ordering specify hydro-
carbon-free gas. A hydrogen generator is
strongly advised for safety reasons.

6.3 Zero gas. Less than 0.05 mg./m3 (0.1
p.p.m.) hydrocarbon as methane in air.

6.4 Span gas. Methane in air correspond-
ing to 80 percent of full scale, 10.4 mg./m3
(16.0 p.p.m.) for 13 mg./mz3. A certified or
guaranteed analysis is required.

7. Procedure. 7.1 For specific operating
instructions, see the manufacturer’s manual,

8. Calibration and efficiencies. 8.1 Cali-
brate the instrument at the desired flow rate
and attenuator setting. Introduce zero gas
and set zero control to indicate proper value
on the recorder. If a live zero recorder is not
used, it is recommended that the zero set-
ting be offset at least 5 percent of scale to
allow for negative zero drift. In this case,
the span setting must also be offset by an
equal amount. Introduce span gas and ad-
just span control to indicate proper value
on recorder scale (e.g. 0-13 mg./m3 (0-20
p.p.m.) sale set & 104 mg./m3 (16.0 p.p.m.)
standard to read 80 percent recorder chart).
Recheck zero and span until adjustments are
no longer necessary. Since the scale is linear,
the two-point calibration is valid.

8.1.1 If attenuation Is varied, some dis-
crepancy between the true attenuation and
the nominal attenuation may exist. The in-
strument should be calibrated using appro-
priate standards at each attenuator setting
used.

9. Calculations. 91.1 The recorder is read
directly for hydrocarbon concentration.

PART 2! METHOD FOR MEASUREMENT OF
METHANE

1. Principle and applicability. 1.1 The at-
mospheric sample is continuously passed
through a treated charcoal column before
introduction into the instrument. This col-
umn will selectively strip all hydrocarbons
other than methane and give a specific anal-
yses for methane.! The methane level is con-
tinuously monitored by flame ionization
techniques.

12 ‘The technique may be applied to o
gaseous sample containing low concentroe-
tions of methane, since the instrument can
sample gases ot 6 p.sd. or more pregsure or
at amblent pressuro,

2. Range and sensitivity, 31 The ranges
available on commercial continuous hydro-
carbon analyzers are commonly 0 to 10 p.p.m,
and 0 to 100 p.p.m. A sensitivity of 0.1 p.p.m,
can be obtained in the 0 to 10 p.p.m. range.

3. Interferences. 3.1 Ethano is the hydro-
carbon most likely to break through the care
bon column when ambient urban alr 18 some«
pled. Thus, service life of the column I3 meay«
ured by introducing known concentrationy
of ethane In amounts equal to the dally
average peak for the sampling zone (rof. 1).
This service life has been found to be ng
long as 6 days. The column must be purged
with helium every 3 days.

4. Precision, accuracy, and stability. 4.1
Precision s =1 percent for successlvo Idonti«
cal samples under identical conditions.

4.2 Accuracy is dependent upon the fc«
curacy of standards used to callbrate the
instrument.

4.3 At normal temperature, tho system Is
stable,

5. Apparatus—b5.1 Continuous hydrocars
bon analyses. The procedure degseribed 19 for
the Beckman 108A and 109A analyzers.

5.2 Charcoal column. A Gelnoh long
threaded nipple of 3/ -inch pipe packed with
4.5 grams of Gj4 mesh activated charceal.
Cloth discs contain the charcoal, Tho freshly
packed tube is blown out foreibly with
heltum for 2 minutes to remove fine dust,
which otherwise would interfero with the do«
tector operation.

6. Reagents—6.1 Fuel gas. Pure hydrogen
or a 40 percent hydrogen/60 porcent nitro-
gen mixture, relatively hydrocarbon freco. A
hydrogen generator may bhe used,

6.2 Air. Water-pumped cylinder air,

6.3 Zero gas. A callbration gas that cone
tains a relatively low amount of hydrocar-
bons is required for setting the zero point.
If the hydrocarbon content of tho burner alr
is sufficlently low and accurately known, this
gas can be used as the zero gos,

6.4 Span gas, The span gos is o cortificd
calibration gas used to set an upsenlo stand«
ardization point.

6.5 Helium. Cylinder helium (wator-
pumped) s required to recondition the car«
bon filter. °

7. Procedure. 7.1 Check that all units ave
properly connected according to the dlagram,
Turn on fuel gas. Allow fuel pressuro to reach
proper level according to flow desired. Slowly
open the alr cylinder valve, Adjust air pres-
sure to about 30 p.sl. Again adjust to obe
tain desired flow. Check all fittings for leaks.

" Insert a carbon column in pesition. Intro-

duce sample and adjust to proper value. If all
Pressures inside anslyzer are proper, turn
on analyzer power switch and ignite burner,
A small pop indicates that the flame hog 1.
nited. The analyzer meter should show an
upscale deflection, Adjust attonuator to %30
position, and adjust the zoro and span* con«
trols so that meter reading 15 between 10
and 60. Proceed to caltbration,

8. Calibration, stendards, end eficicnetes.
8.1 Check flow rates with o calibrated buba-
ble flow meter so that sample flow corre-
sponds to optimum values.

82 If the instrument has just been
started, walt at least 3 hours beforo eallbrat-
ing. Open the cylinder shut-off valves on tho
span and zero gay cylinders, Observe the
sample pressure goauge snd adjust to the
proper value. Connect the zero gas to tho car«
bon column 50 that it goes through the cols
umn before passing into the analyzer, Allow
the instrument to run on zero gag for &

*Span control has been added to the Becls
man analyzer for convenience.
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to 10 minutes. Disconnect the zero gas and
connect the span gas to the column so that
span gas passes through the column before
the analyzer. Allow the instrument to run
5 to 10 minutes. Remove the old tolumn and
insert a freshly purged carbon column, Ob-
serve the analysis tag attached to zero-gas
cylinder and note the indicated p.p.m. Dis-
connect the span gas and reconnect the zero
gas, wait until reading has stopped chang-
ing, then adjust the ZERO control to bring
the recorder pen to the same reading (In
p.pam.) as irdicated on analysis tag. Recon-
nect the span gas and adjust the recorder
with SPAN control to indicated wvalue in
p.pm., Repeat zero and span adjustment
until no further adjustments are required.
Connect the column back to sample alr,
Check to see that the sample pressure gauge
reading is still the same as originally set.
Turn. off the zero and span cylinder valves,
+ 9, Calculationn. 9.1 MNeter is read directly
in p.p.m. as CH,.

10. Bibliography. 1. Ortman, G. C., Moni-
toring Methane in Atmosphere with a Flame
Jonization Detector, Anal, Chem. 38, 644
(1966).

2. Beckman Instruction Manual 1306,
Beckman Instruments, Inc, (1964).

APPENDIX F

-METHOD FOR DETERMINATION OF NITROGEN
DIOXIDE IN THE ATMOSPHERE

(24-TOUR SAMPLING METHOD)

1, Principle and applicability. 1.1 Nitro-
gen dioxide is collected by bubbling air
through a sodium hydroxide solution. A di-
lute solution of sodium nitrite is produced,
which need not be analyzed immediately.

1.2 The nitrite ion produced during
sampling is determined colorimetrically by
reacting the exposed absorbing reagent with
phosphoric acid, sulfanilamide, and N-(1-
naphthyl) -ethylenediamine dihydrochloride.

1.3 ‘The methods of sampling and analysis
are applicable to field collection of 24-hour
samples and return to a central laboratory
for analysis.

2. Range and sensitivity. 2.1 The range
of the analysis is 0.04 to 1.6 zg. NO_/ml. For
the efficiency stated in section 8.3, 50 ml.
absorbing reagent, and a sampling rate of
200 ml./min. for 24 hours; the range of the
method is 20-740 pgg./mS (0.01-0.4 p.pm.)
nitrogen dioxide.

22 A nitrite concentration of 0.0%
pg. No;/ml, will produce an absorbance of
0.02 with I-cm. cells. .

3. Interferences. 3.1 The interference of
sulfur dioxide is eliminated by conversion
to sulfuric acld with hydrogen peroxide be-
fore analysis2

4. Precision, accuracy, and siability. 4.1
The relative standard deviations are 144
percent and 21,5 percent at nitrogen dioxide
concentrations of 140 pg./ms (0.072 p.p.am.)
and 200 pg./m3 {0.108 p.p.m.). These data
are based on 10 samples collected from test
atmospheres generated with nitrogen dioxzide
permeation tubes are analyzed by automat-
ing +the  procedure with a Technicon
Autoanalyzer.

42 No accuracy data are available.

43 Collected samples are stable for at
least 6 weeks. .

5. Apparatus—5.1 Sampling. See Figure
1

5.1.1 Absorber—Polypropylene tubes 164
by 32 mm.,, equipped with polypropylene ttwo-
port tube closures. Rubber stoppers cannot

-be used because high and varying blank
values are obtained. A gas dispersion tube
with 4 fritted dise of porosity B (70-100 zm.
maximum pore diameter) is used.

5.1.1.1 Ifeasurement of mazimum Jpore
diameter of frit. Carefully clean the frit with
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dichromate-concentrated sulfurle acld clean-
ing solution aad rinse well with distilled
water, Insert the frit in one hole of a two-
hole rubber stopper and install the frit in
8 tube containing sufficlent distilled water
to cover. Attach a vacuum source to the other
hole of the rubber stopper and measure the
vacuum required to draw tho first perceptible
stream of air bubbles through the frit. Ap-
ply the following equation:
305

maximum pore diameter, pm.= 'f’—

s=Surface tension of water in dynesfem.
at the test temperaturoe (73 at 18° C.,
T2at25° C,,and 71 at 31° C.)
P=Vacuum, mm. Hg.

§.1.2 Probe. Teflon or glass tube with a
polypropylene or glass funnel at tho end
and a membrang fliter to protect the frit,
Replace filter after use with no meore than
five samples,

5.1.3 Flow control device. Callbrated 27-
gauge hypodermic needles, 33-in. long. The
*needle should be protected by o membrane
filter or fiber glass fllter. Change filter atter
use with 10 samples.

514 Air pump, Capable of maintaining o
fiow of 0.2 liter/min. through the abcorber,
and 2 vacuum of 0.7 atmosphere,

5.1.5 Calibration equipment, One ball-
foat flowmeter for measurlng alr flows up
to approximately 276 mil./min., one stop-
watch, and one precislon wet test meter, 1
liter/revolution.

52 Analysis,

5.2.1 Volumetric flasks. 50, 100, 200, 250,
500, 1,000 ml, *

522 Graduated cylinder. 1,000 ml,

523 Pipets.1,2,5,10 ml.

524 Test tuve.

5.2.5 Spectrophotometer or colorimeter.
Capable of measuring absorbance at 540 nm.
Band width is not critical.

6. Beagents—6.1 Sampling.

6.1.1 Absorbing rcagent. Dicsolve 4.0 g.
sodium hydroxide and dilute to 1,000 ml.
with distilled water.

62 Analysis.

62,1 Sulfanilamide. Dissolve 20 g. sulfa-
nilamide in 700 ml. distilled water. Add, with
mixing, 50 ml. phosphorle acld (85 percent)
and dilute to 1,000 ml, This colutlion i3 stable
for o month it refrigerated.

622 NEDA solution, Dicsolve 0.6 g. N-(1-
naphthyl) -ethylenedlamine dihydrochloride
in distilled water. This solution 15 stable for
8 month if refrigerated and protected from
light.

6.2.3 Hydrogen perozide., Dilute 0.2 ml,
30 percent hydrogen peroxide to 250 mil, with
distilled water, This solutlon 15 stable for a
month if protected from light.

63234 Standard nitrite solution., Discolve
suficlent desfccated sodium nitrite (NalNO,
assay of 87 percent or greater) and diluto
with distilled water to 1,000 ml. co that o
solution containing 100 zg. ,NO,/ml, 13 ob-
tained. The amount of NaNO, to uce 15 calcu-
lated ns follows:

1600
—— (1000

G= Amount of NaNO,, ¢
1.500= Gravimetric factor in coverting NO3
into NaNO..
A= Assay, percent,

7. Procedure—T.1 Sampling, Accemble the
sampling train as showm in Figuro 1, Add
50 ml. sbsorbing reagent to tho abzorber,
Djsconnect funnel, Insert calibrated flow-
meter, and measurse fiovr befero campling, It
flow rate before sampling 15 1ez3 than 85 per-
cent of needle callbration, cheok for leak or
change filters as nececsary, Sample for 24
hours and measure flow at end of campling
perlod.

G=

,
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723 Analysis. Replace any water lost by
evaporation during campling. Pipet 10 ml.
of the collected cample Into a test tube. Add
1.0 ml, hydrogen peroxide solution, 10.0 ml.
culfanilamide colution, and 14 ml. NEDA
solutlon with thorough mixing after the ad-
dition of each reagent. Prepare a blank in the
came manuer using 10 ml. absorbing reagent.
After o 10-min. color development interval,
measure the gbiorbance at 540 nm, against
the blank. Read zg. NO,/ml. from standard
curve (cection 8.2).

8. Caltbration end efficiencies—8.1 Sem-
pling.

8.1.1 Calibration of ball float flowmeter.
Ucing a wet test meter and a stopvatch, de-
termine the rates of alr flow (ml./min.)
through the flowmeter at ceveral ball posi-
tlons, Plot ball positions versus flow rates.

8.12 Calibragtion of kypodermic needle.
Conncet the callbrated flowmeter, the needle
to be callbrated, and the source of vacuum
in such a way that the direction of air flow
through the ncedle i3 the same as in the
sampling train. Read the position of the ball
and determine flowy rate in ml./min. from
the calibration chart prepared in 8.1.1. Reject
all needles not having flowr rates of 130 to
210 ml./min. before campling,

82 Colibration curre.Dilute 5.0 ml. of the
1,000 sz NO/ml. colution to 200 ml. with
abzorbing reagent. This solution contains 25
£8. WO;/ml. Pipette 1, 2, 5, and 15 ml. of the
25 rg. NO./ml, solution into 59-, 50-, 100-,
and 250-ml. volumstric flasks and dilute to
the mark with sbcorbing reagent. The solu-
tlons contain 0.50, 1.00, 125, and 1590 gg.
NO;/ml., recpectively. Run standards as in-
gtructed in 72 Plobt abzorbance vs. gg.
NO./ml.

83 Efficlencics. An overall average effi-
olency of 35 percent was obtained from test
atmospheres having nitrogen dlozide concen-
trations of 140 zg./m3 and 200 gg./m=* by
automated analyois3

9. Caleulation—9.1 Sampling.

9.1.1 Calculate volume of air sampled.

Fy4-Fz

V= HTR10-+
2
V=Volume of alr sampled, m3
Fy=Measured flow rate before sompling,
ml

/fmin,
Fp=Measured flow rate after sampling,
ml

./min.
T'=Timeo of campling, min,
10-°=Converslon of ml. fom.s
9.2 Calculate the concentration of nitro-
gendloxzide o3 3. MOz/m3
(B NO/m3=
(2. N02/ml.) 60  (2g.NO=/ml.) X143

VX035 v
§50=Volumo of abzorbing reagent used in
campling, ml,
V=Volume of alr campled, m.3
0.35=Efliclency.

02.1 If decired, concentration of nitro-
gon dlozldo moy be calculated a3 p.pan, NOs
at 25° C.and 760 mm.

p.pm.=(£5. NO:z/m3) 5319310+

10. Bibliography. 1. Jacobs, M. B, and
Hochnelcer, 8., “Continuocus Sampling and
Ultramicrodeterminntion of Nitrogen Dioxide
in Alr,” Anpl. Chem., 30 426 (1958).

2. Morgan, G. B,, Golden, C.,, and Tabor,
E. 0., “Now and Improved Procedures for Gas
Sampling and Analysis in tho National Air
Sampling Nework, J, APCA 17 (5) 300-30%
(1967).

3. Purdue, L. J., Dudley, J. E., Clements,
J. B, and ThompZon, B, J., “Studles in Afr
Sampling for Nitrozen Dloxide” I. A re-
Investigation of the “Jacobs-Hochhelser Re-
arent. In Preparation, '
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