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Title 42—PUBLIC HEALTH

Chapter IV—Environmental Protection
Agency

PART 410—NATIONAL PRIMARY, AND
SECONDARY AMBIENT AIR QUAL-
ITY STANDARDS

Notices of proposed rule-making pub-
lished in the FEDERAL REGISTER on Jan-
uary 30, 1971 (36 F.R. 1502) and
March 26, 1971 (36 F.R. 5867) set forth
regulations preseribing national primary
and secondery ambient air quality
standards proposed for adoption as Part
410 of 42 CFR. Interested persons were
afforded an opportunity to participate
in the rule-making by submitting com-
ments. Following review of the proposed
standards and consideration of the com-
ments, the standards have been revised
as desceribed below and ' are being
promulgated today.

National primary ambient air quality
standards are those which, in the judg-
ment of the Administrator, based on the
air quality criteria -and allowing an ade-
quate margin of safety, are requisite to
protect the public health.

National secondary ambient air quality
standards are those which, in the judg-
ment of the Administrator, based on the
air quality criteria, are requisite to pro-
tect the public welfare from any known
or anticipated adverse effects associated
with the presence of air pollutants in
the ambient air.

The comments submitted to the En-
vironmental Protection Agency reflect
divergences of opinion among interested
and informed persons as to the proper
interpretation of available data on the
public health and welfare effects of the
six pollutants for which national am-
bient air quality standards are being es-
tablished. A number of comments ques-
tion the feasibility of implementing the
proposed standards. Because the Clean
Air Act, as amended, does not permit any
factors other than health to be taken
into account in setting the primary
standards, no revisions were made on
this basis. In reviewing the proposed
standards, the Environmental Protection
Agency limited its consideration to com-
ments concerning the validity of the
scientific basis of the standards.

Current scientific, knowledge of the
health and welfare hazards of these air
pollutants is imperfect. To increase and
jmprove this knowledge, the Environ-
mental Protection Agency will- continue
to conduct and support relevant re-
search. At the same time, the need for
increased knowledge of the health and
welfare effects of air pollution cannof
justify failure to take action based on
knowledge bpresently available. The
Clean Air Act, as amended, requires
promulgation at this time of national
standards for six air pollutants on the
basis of available data set forth in air
quality criteria documents. Thus, the
Administrator is required to make judg-
ments as to the proper interpretation of
presently available data and to establish
ngtional primary stendards which in-
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clude an adequate margin of safety to
protect human health. Where the valid-
ity of available research data has been
questioned, but not wholly refuted, the

. Administrator has in each case promul-

gated a national primary standard which
includes a margin of safety adequate to
protect the public health from adverse
effects suggested by the available data.

The nafional primary standard for
carbon monoxide, proposed on January
30, 1971, was based on evidence that low
levels of carboxyhemoglobin in human
blood may be associated with impairment
of ability to discrintinate time intervals.
This evidence is reflected in “Air Quality
Criteria for Carbon Monoxide” (35 F.R.
4768) . In the comments, serious questions
were raised about the soundness of this
evidence. Extensive consideration was
given to this matter. The conclusions
reached were that the evidence regarding
impaired time-interval discrimination
had not been-refuted and that a less re-
strictive national standard for carbon
monoxide would therefore not provide
the margin of safety which may be
needed to protect the health of persons
especially sénsitive to the effects of ele-
vated carboxyhemoglobin levels. The
only change made in the national stand-
ards for carbon monoxide was a modifi~
cation of the 1-hour value. The revised
standard affords protection from the
same low levels of blood carboxyhemo-
globin as a result’ of short-term expo-
sure. The national standards for carbon
monoxide, as set forth below, are in-
tended o protect against the occurrence
of carboxyhemoglobin levels above 2 per-
cent. It is the Administrator’s judgment
that attainment of the national stand-
ards for carbon monoxide will provide
an adequate safety margin for protec-

tion of public health and will protect

against known and anticipated adverse
effects on public welfare.

National standards for photochemical
oxidants have also been revised. The re-~
vised national primary standard of 160
pe./m? (0.08 p.pm.) is based on evidence
of increased frequency of asthma at-
tacks in some asthmatic subjects on days
when estimated hourly average concen-
trations of photochemical oxidant
reached 200 gg./m? (0.10 p.p.m.) . A num-
ber of comments raised serious questions
about the validity of data used to sug-
gest impairment of athletic performance
at lower oxidant concentrations. The
revised primary standard includes & mar-
gin of safety which is substantially be-
low the most likely threshold level sug-
gested by this data. It is the Administra-
tor’s judgment that a primary standard
of 160 pe./m? (0.08 p.p.n.) as a l-hour
average will provide an adequate safety
margin for protection of public health
and will protect against known and an-
ticipated adverse effects on public
welfare.

National standards for hydrocarbons
have been revised to make these stand-
ards consistent with the above modifi-
cations of the nationsal standard for pho-
tochemical oxidants. Hydrocarbons are
a precursor of photochemical oxidants,
The sole purpose of prescribing & hydro-

carbon standaxd is to control photochein-
ical oxidants. Accordingly, the above-
deseribed 1revisions of the mnatlonal
standards for photochemical oxidonts
necessitated & corresponding revislon of
the hydrocarbon standards.

National standsrds for nitrogen dlox=-
ide have been revised to eliminate the
proposed 24-hour average velue. No ad-
verse effects on public health or welfare
have been associated with short-term
exposure fo nitrogen dioxide at levels
which have been observed to occur in the
ambient air. Attoinment of the annual
average will, in the Administrator’s judp-
ment, provide on adequate safety mar«
gin for protection of public health and
will protectjagainst known and ontiel-
pated adverse effects on public welfare.

Appendices A through F, which de-
scribe measurement methods, have been

‘revised to clarify many technical points,

As revised, each appendix describes a
complete reference method for evalunt-
ing the ambient concentration of & pol-
jutant for which national smbient air
quality standards are being establighed,

Nine months after the date of publi«
cation of this notice, the States are xe-
quired to submit to the Administrator,
in accordance with section 110 of the
Act, implementation plans for the ot~
tainment and maintenance of the na-
tional primary and secondary standards
specified in this part. Requirements for
the preparation, adoption, and submittal
of implementation plans were published
by the Administrator, as proposed rule-
making, in the FEbCRAL REGISTER on Apail
7, 1971 (36 F.R. 6680),

In consideration of the foregoing and
in accordance with the statements in the
notice of proposed rule-making, the np-
tional primary and secondary amblent
air quality standards, Part 410, are hore-
gy promulgated effective upon publica«

ion.

Dated: April 28, 1971,
WiLriart D, RUCKELSHAUS,
Administrator,

A new Part 410 is added to Chapter IV,
Title 42, Code of Federal Regulations ng
follows:

Sec.

410.1  Definitlons,

410.2 Scope.

410.3 Reference conditions,

4104 National primary ambiont alr quallty
standards for sulfur oxldes (sulfur
dioxide).

4105 Nationol secondory crablent alr quinl«
ity standards for sulfur oxldes
(sulfur dloxide).

4106 Nationnl primary cmblent alr quallty
standards for particulate matter.

4107 Natlonal secondary cmblont alr ¢itel«
ity standards for partloulato
matter,

410.8 National primary and socondary sme
blent air quoality standoards for
carbon monoxide.

4109 National primary ond secondary ame
bient air quality stondord for
photochemical oxidants,

410.10 Notional primary ond gecondary fne
blent alr quallty otandard for
hydrocarbons,

410,11 National primary ond sccondary o

blent afr quoality stondsrd for
nitrogen dloxide, '

)
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Appendiz A—Reference Method for the De-
termination of Sulfur Dicxide in
the Atmosphere (Pararosaniline
Method).

Appendix B—Reference Method for the De-
termination of Suspended Particu-
lates in the Atmosphere (High Vol-
ume Method).

Appendix C—Reference Method for the Con-

tinuous Measurement of Carbon

monoxide in the Atmosphere (Non-
ve Infrared Spectrometry).
D—Reference Method for the

Aeasurement o0f Photochemical

Oxidants Corrected for Interfer-

ences Due to Nitrogen Oxide and

Sulfur Dijoxide.

Appendix E—Reference Method for the De-

- termination of Hydrocarbons Cor-
rected for Methane.

Appendix F—Reference Method for the De-
termination of Nitrogen Dioxide
(24-Hour Sampling Method).

AvTHORITY: The provisions of this Part

410 issued under sec. 4, Public Law 91-604,
Stat, 1679. -

§410.1 Definitions.

(a) As used in this part, all terms nob
defined herein shall have the meaning
given them by the Act.

(b) “Act” means the Clean Air Act, as
amended (Public Law-91-604; 84 Stat.
1676). .

(¢) “Agency”. means the Environ-
mental Protection Agency.

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

(e) “Ambient air” means that portion
of the atmosphere, external to buildings,
to which the general public has access.

() “Reference method” means a
method of sampling and analyzing for
an air pollutant, as described in an ap-
pendix to this part. -

(g) “Equivalent method” means any
method of sampling and analyzing for
an air pollutant which can be demon-
strated to the Administrator’s satisfac-
tion to have a consistent relationship to
the reference method.

§410.2 Scope.

(&) Nationsl 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-
jeet to revision, and additional primary
and secondary standards may be promul-
gated as the Administrator deems neces-
sary to protect the public health and
welfare.

(¢) The promulgation of mnational
primary and secondary ambient air qial-
ity standards shall not be considered in
any manner to allow significant deterior-
ation of existing air quality in any por-
tion of any State. ’
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(d The proposal, promulzation, or
revision of national primary and second-
ary ambient air quality standards shall
not prohibit any State from establishing
ambient alr quality standards for that
State or any portion thereof which are
more stringent thaon the national
standards.

§ 410.3 Reference conditions. -

All measurements of air quality are
corrected to a reference temperature of
25° C. and to a reference pressure of 760
millimeters of mercury (1,013.2 milli-
bars).

§ 4104 National primary ambient air
quality standards for sulfur oxides
(sulfur dioxide). :

The national primary ambient air
quality standards for sulfur oxides,
measured as sulfur dioxide by the refer-
ence method described in Appendix A to
this part, or by an equivalent method,
are:

(2) 80 micrograms per cublc meter
€0.03 p.p.m.)—annunl arithmetic mean,

(b) 365 micrograms per cubic meter
(0.14 p.p.m.)—Maximum 24-hour con-
centration 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,
measured as sulfur dioxide by the refer-
ence method described in Appendix A to
this part, or by an equivalent method,
are:

(a) 60 micrograms per cubic meter
(0.02 p.p.m.)—annual arithmetic mean.

(b) 260 micrograms per cubic meter
€0.1. p.p.m.)—maximum 24-hour con-
centration not to be exceeded more than
once per year, as a guide to be uced in
assessing implementation planstoachieve
the annual standard.

(¢) 1,300 micrograms per cuibe meter
(0.5 p.pm.)—maximum 3-hour concen-
tration not to he exceeded more than
once per year.

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

The national primary ambient alr
quality standards for particulate matter,
measured by the reference method de-
seribed in Appendix B to this part, or by
an equivalent metheod, are:

(a) 75 micrograms per cubic meter—
annual geometric mean.

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

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

The national secondary ambient oir
quality standards for particulate matter,
measured by the reference method de-
scribed in Appendix B to this part, or by
an equivalent method, are:

(a) 60 micrograms per cubic meter—
annual geometric mean, as 4 guide to be
used in assessing implementation plans to
achieve the 24-hour standard.
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(b) 150 microsrams per cubie mefer—
maximum 24-hour concentration not to
be excceded more than once per year., -

$410.8 National primary and secondary
ambient air quality standards for car-
bon monoxide.

Tie national primary and secondary
amblent air quality standards for carbsn
monoxide, measured by the reference
method deseribed In Appendix C to this
part, or by an equivalent method, are:

(a) 10 millirrams per cuble meter (9
ppm.)—mazimum §-hour concenfra-
Hion not to be exceceded more than once
per year.

(b) 40 millirrams per cubic meter (35
ppm.)—maximum 1-hour concenfra-
ticn not to bz exceeded more than once
DEr year.

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

The national primary and secondary
amblent air quality standard for phofo-
chemical oxidants, measured and cor-
rected for interferences due to nitrogen
oxides and sulfur dioxids by the reference
method deseribed in Appendix D to this
part, or by an equivalent method, is: 160
microrrams per cublc meter (0.03
p.pm.)—maximum 1-hour concentra-
Hion not to be exceeded more than once
DEr year,

§410.10 National primary and second-
ary ambient air quality standard for
hydrocarbons.

The hydrocarbons standard is for use
s o pulde in devisine implementation
plans to achieve oxidant standards.

The national primary and secondary
ambient air quality standard for hydro-
carbons, measured and corrected for
methane by the reference method de-
ceribed in Appendix E to this part, or by
an equivalent method, is: 160 microczrams
per cublc meter (0.24 p.pm.)—maximum
3-hour concentration (6 to 9 2am.) not to
be exceeded more than once per year.

§410.11 National primary and second-
ary ambient air quality standard for
nitrogen dioxide.

The national primary and secondary
ambient air quality stondard for nitrozen
dioxide, measured by the reference
method deceribzd in Appendix F to this
part, or by an equivalent method, is: 100
microrrams per cubic meter (0.05
p.pm.)—annual aritbmetic mean.

Arcoriie A—ERorooies MICTHROD FOT THER
DoroniimiatIon oF Suviron DISKID: N THED
AT0ooOETn (PARATOZANIIIT DICTHOD)

1. Principlc cnd Applicabilify. 1.1 Sulfur
dlido 15 aboarned from alr in o colution of
potoccium totrochloromcreurate (TC2I). A
diehlerssulfitomsreurate comples, which re-
cl5ts ealdation by th? exysen in the alrn, is
formed (I, 2). Onca formed, this eomplex IS
gtable to ctrons ozldants (e, czone, oxldzs
of nitroren). The complex I roactcd with
pararccantiine and formaldehyde to form in-
tencoly colored porarccaniline mesthyl cul-
fonle ccld (3). Taz absorbances of the salu-
tion {5 meosurcd chcctropnstometrically.

1.2 Themcthod {5 opplicable to the moas-
wremont of culfur diozide in gmblent air
using campling porlcds up to 22 hours.

- FEDERAL REGISTER, VOL. 36, NO. 04—FRIDAY, AFIIL 30, 1971



S188

2, Range and Sensitivity. 2.1 Concentra-
tions of sulfur dioxide in the range of 25 to
1,050 ,z/m3 (0.01 to 0.40 p.p.m.) can be meas-
ured under the conditions given. One can
measure concentrations below 26 ,g./ms by
sampling larger volumes of air, but only if
the absorption efficiency of the particular sys-
tem is first determined. Higher concentra-
tions can be analyzed by using smaller gas
samples, a larger collection volume, or a suit~
able aliquot of the collected sample. Beer's
Law s followed through the working range
from 0.03 to 1.0 absorbance units (0.8 to 27
p8. of sulfite jon in 26 ml. final solution com-
puted as SOz).

2.2 ‘The lower limit of detection of sulfur
dioxide fn 10 ml. TCM is 0.75 ,g., (based on
twice the standard deviation) representing a
concentration of 26 xg./m3SO; (0.01 p.p.m.)
in an air sample of 30 liters.

3. Interferences. 3.1 The effects of the
prinecipal known interferences have been
minimized or eliminated. Interferences by
oxldes of nitrogen are eliminated by sulfamic
acid (4, 5), ozone by time-delay (6), and
heavy metals by EDTA (ethylenediamine-
tetroacetic acid, disodium salt) and phos-
phoric acid (4, 6,). At least 60 pg. Fe (III),
10 xzg. Mn(II), and 10 xg. Cr(Id) in 10 mil.
absorbing reagent can be tolerated in the
procedure. No significant interference was
found with 10 ug. CU.(II) and 22 pg. V(V).

4. Precision, Accuracy, and Stability. 4.1
Relative standard deviation at the 85 percent
confidence level is 4.6 percent for the ana-
lytical procedure using standard samples. (5)

4.2 After sample collection the solutions
are relatively stable. At 22° C. losses of sulfur
dioxide occur at the rate of 1 percent per
day. When samples are stored at 5° C. for
30 days, no detectable losses of sulfur diox-
ide occur. The presence of EDTA enhances
the stability of SO: in solution, and the rate
of decay is independent of the concentration
of 802 (7)

6. Apparatus.

6.1 Sampling. .

6.1.1 Absorber. Absorbers normally used
in air pollution sampling are acceptable for
concentrations above 25 pg./m.2 (0.01 p.p.m.).
An all-glass midget impinger, as shown in
Figure Al, is recommended for 30-minute and
1-hour samples.

For 24-hour sampling, assemble an ab-
sorber from the following parts:

Polypropylene 2-port tube closures, special
manufacture (available from Bel-Art Prod-
ucts, Pequannock, N.J.).

Glass impingers, 6 mm. tubing, 6 inches
long, one end drawn to small diameter such
that No. 79 jewelers will pass through, but
No. 78 jewelers will not. (Other end fire
polished.)

Polypropylene tubes, 164 by 32 mm. Nal-
gene or equal). .

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

6.1.3 Air Flowmeter or Critical Orifice.
A calibrated rotameter or critical orifice ca-
pable of measuring air flow within +2 per-
cent. For 30-minute sampling, a 22-gauge
hypodermic needle 1 inch long may be used
as a critical orifice to give a flow of about 1
liter/minute. For 1-hour sampling, a 23-
gauge hypodermic needle five-eighths of an
inch long may be used as a critical orifice to
glve a flow of about 0.5 lter/minute. For
24-hour sampling, a 27-gauge hypodermic
needie three-eighths of an inch long may be
used to give a flow of about 0.2 liter/minute,
Use a membrane filter to protect the needle
(Figure Ala).

6.2 Analysis.

5.2.1 Spectrophotometer. Suitable for
measurement of absorbance at 548 nm. with
an efiective spectral band width of less than
16 nm; Rpagent blank problems may occur
with spectrophotometers having greater
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spectral band width. The wavelength cali-
bration of the instrument should be verified.
If transmittance is measured, this can be
converted to absorbance:

A=log,, (1/T)

6. Reagents. ,

6.1 Sampling.

6.1.1 Distilled water. Must be free from
oxidants. - \

6.1.2 Absorbing Reagent [0.04 M Potas-
sium Tetrachloromercurate (TCHM)]. Dissolve
10.86 g. mercuric chloride, 0.066 g. EDTA
(thylenediaminetetraacetic acid, disodoum
salt), and 6.0 g. potassium chloride in water
and bring to.mark in a 1,000-ml. volumetric
flask., (Caution: highly poisonous. If spilled
on skin, flush off with water immediately).
The pH of this reagent should be approxi-
mately 4.0, but it has been shown that there
is no appreciable difference in collection
efficiency over the range of pH 5 to pH 3.(7)
The absorbing reagent is normally stable for
6 months. If a precipitate forms, discard the
reagent.

5.2 Analysis.

6.2.1 Sulfamic Acid (0.6 percent), Dis-
solve 0.6 g. sulfamic acid in 100 ml. distilled

water. Prepare fresh daily.

6.22 Formaldehyde (0.2 percent). Dilute
5 ml. formaldehyde solution (36-38 percent)
to 1,000 ml. with distilled water. Prepare
dally.

6.23 Stock Iodine Solution (0.1 N). Place
12.7 g. iodine in a 260-ml. beaker; add 40 g.
potassium iodide and 25 ml. water. Stir until
all is dissolved, then dilute to 1,000 ml. with
distilled water.

58.24 Iodine Solution (0.01 N)., Proparo
approximately 0.01 N icdine colution by di-
luting 60 ml. of stocl: golution to 500 mt,
with distilled water.

6.2.6 Starch Indicator Solution. Triturato
0.4 g. soluble starch and 0.002 g, merourlo
lodide (preservative) with o little wator, nnd
add the paste slowly to 200 ml, bolting water.
Continfue bolling unttl the solution i1 olear;
cool, and transfer to a plass-stopperod bottle,

6.2.6 Stock Sodtum Thiozulfate Solution
(0.1 N) . Prepare & stock colution by diecolving
25 g. sodium thiosulfate (Na:S:00-61:0) In
1,000 ml. freshly bolled, cooled, distilled witer
and add 0.1 g. sodlum carbonate to the golu-
tlon. Allow the solution to stand 1 day before
standardizing. To standardize, acourately
welgh, to the nearest 0.1 mg., 1.6 g. primary
standard potassium lodate dried at 180¢ Q.
and dilute to volume in & 500-ml. volumetrle
flask. To a 500-ml. iodine flasl:;, pipot 60 ml,
of lodate solution. Add 2 g, potassium lodide
and 10 ml. of 1 N hydrochlorie aold, Stopper
the flask. After 5 minutes, titrate with stool:
thiosuliate solution to a pole yollow. Add &
mil. starch Indicator solution and continue
the titration until the blue color disnppeoary.
Caleulate tho normality of tho ostoolk
solution:

w
N=—2.80
M

N=Normality of stock thlesulfato colu«
tion,

M=Volume of thiosulfate required, mi,
W=Welght of potastsium fodnte, grams,

1
103(conversion of g. to mg.) X 0.1 (fraction lodate used)

2.80 =

35.67 (equivalent welght of potassium 1o0ate)

6.2.7 Sodium Thiosulfate Titrant (0.0{ N),
Dilute 100 ml. of the stock thiosulfate solu-
tion to 1,000 ml. with freshly boiled distilled
water.

Normality =Normality of stock solution
% 0.100.

6.2.8 Standardize Sulfite Solution for
Preparation of Working Sulfite-TCM Solu-
tion. Dissolve™0.3 g. sodium metabisulfite
(Na,S,0;) or 040 g. sodium sulfite (Na,SO,)
in 500 ml. of recently boiled, cooled, distilled
water. (Sulfite solution is unstable; it is
therefore important to use water of the high-
est purity to minimize this instability.) This
solution contains the equivalent of 320 to 400
eg./ml. of SO,. The actual concentration of
the solution is determined by adding excess
iodine and back-titrating {vith standard
sodium thiosulfate solution. To back-titrate,
pipet 50 ml. of the 0.01 N lodine into each of
two 500-ml. jodine 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 &
minutes. Prepare the working sulfite-TCM
Solution (6.2.9) at the same time iodine
solution is added to the flasks, By means of
a 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 solution into
& 100 ml volumetric flask and bring to mark
with 0.04 M TCM, Calculate the concentra-
tion of sulfur dioxzide in the working solu-
tion: !
48 SOy/ml= (A —B) (21;) (32,000)

A=Volume thiosulfate for blank, ml
B=Volume thiosulfate for sample, ml.
N=Normality of thiosulfate titrant,

25X0.02

32,000=Milllequivalent, wt, of 80;, oo,
. 25=Volume standard sulfito colution,

ml,
0.02=Dilutton footor,

This solution 1s stable for 30 deys 1f kept ot
5° C., (refrigerator). If not kept at 6° O,
prepare daily.

€.2.10 Purifled Pararosaniling Stool: Soltt«
tion (0.2 percent nominal),

6.2.10.1 Dye Specifications. The pararo«
soniline dye must meot the followlng pore
formance specifications: (1) the dye must
have a wavelength of maximum ahzorbance
at 540 nm. when nssayed in a buffered golus
tion of 0.1 M sodium acetnto-acetlc nold; (9)
the ghsorbance of the reagent, blank, whioh 13
temperature-sansitive  (0.016  ahsorbance
unit/°C), should not exceed 0.170 abserbanco
unit at 22° O. with a 1-om. optlcal path
length, when the blank is prepoared accords
ing to the prescribed anslytical precedure
and to the specified concontration of tho dye;
(3) the callbration ourve (Scotion 8.2.1)
should have a tlope of 0.030:£:0.0023 abzorhe«
ance units/zg. SO; at this path length when
the dye is pure and the gulfite solution 1o
properly standardized,

6.2.10.2 Preparation of Stocl: Solution. A
speclally purifled (99-100 percent pure) go-
lution of porarosaniline, which meots the
above specifications, 18 commerolally avall-
able in the required 0.20 percent concone
fration (Harleco*®). Alternatively, tho dye
may be purlfied, » steol solution prepered
and then assayed according to tho procos
dure of Searlngelll, ot al, (¢)
© 6.2.11 Pararosantline Reagent. To o 200«
ml. volumetric flask, add 20 ml, stool: par«
arosaniline solution. Add en additionsl 0.2
ml. stock solution for ench percont tlio stools

¢*Hartmen-Leddon, 60th and WWoodland
Avenue, Philadelphin, PA 19143,
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assays below 100 percent., Then add 25 mil.
3 M phosphoric acld and dilute to volume
with distilled water. This reagent is stable
for at least 9 months.

7. Procedure. -

7.1 Sampling. Procedures are described
for short<term (30 minutes and 1 hour) arnd
for long-term (24 hours) sampling. One can
select different combinations of sampling
rate and time to meet special needs. Sample
volumes should be adjusted, so that Hnearity
is maintained between absorbance and con-
ceniration over the dynamic range.

7.1.1 30-Minute and I1-Hour Samplings.
Insert a midget impinger into the sampling
system, Figure Al, Add 10 ml. TCAI solution
to the impinger. Collect sample at 1 liter/
minute for 30 minutes, or at 0.5 liter/minute
for 1 hour, using elther & rotameter, as
shown in Figure Al, or 8 critical orifice, as
shown in Figure Ala, to control fiow. Shield
the absorbing reagent from direct sunlight
during and after sampling by covering the
impinger with aluminum foil, to prevent

-.deterioration. Determine the volume of air
sampled by multiplying the flow rate by the
time in minutes and record the =atmos-
pheric pressure and temperature. Remove
and stopper the impinger. If the sample
must be stored for more than a day before
analysls, keep it at 5° C. in-a refrigerator
(seed.2).

7.1.2 24-Hour Sampling. Place 50 ml.
TCM solution in a large absorber and col-
lect the sample at 0.2 liter/minute for 24
hours from midnight to midnight. Make sure
no entrainment of solution results with the
impinger. During collection and storage pro-
tect from direct sunlight. Determine the
total air volume by multiplying the air flow
rate by the time in minutes. The correction
of 24-hour measurements for temperature
and pressure Is extremely difficult and is not
ordinarlly done. However, the accuracy of
the measurement will be improved if mean-
ingful corrections can be applied. If storage
is necessary, refrigerate at 5° C. (see 4.2).

7.2 Analysis. '

72.1 Sample Preparation. After collection,
if a precipitate is observed in the sample,
remove it by centrifugation.

7211 30-Minute and I-Hour Samples.
Transfer the sample quantitatively to a 25-
1l volumetric flask; use about’'s ml. distilled
water for rinsing. Delay analyses for 20 min-
utes to allow any ozone to decompose.

7.2.1.2 24-Hour Sample. Dilute the entire
sample to 50 ml. with absorbing solution.
Pipet 5 mil. of the sample into a 25-ml.
volumetric flask for chemical analyses. Bring
volume to 10 ml. with absorbing reagent.
Delay analyses for 20 minutes to allow any
ozone to decompose.

7.2.2 Determination. For each set of de-
terminations prepare a reagent blank by add-
ing 10 ml. unexposed TCMI solution to a 25-
ml. volumetric flask., Prepare a control solu-
tion by adding 2 ml. of working sulfite-TCLIL
solution and 8 ml. TCM solution to a 25-ml.
volumetric flask. To each flask containing ef-
ther sample, control solution, or reagent
blank, add 1 ml 06 percent suifamic
acld and allow to react 10 minutes to de-
stroy the nitrite from oxides of nitrogen.
Accurately pipet in 2 ml. 02 percent
formaldehyde solution, then 5 ml. par-
arosaniline solution. Start a laboratory
timer that has been set for 30 minutes. Bring
all Hasks to volume with freshly boiled and

. cooled distilled water and mix thoroughly.
After 30 minutes and before 60 minutes, de-
termine the absorbances of the sample (de-
note as A), reagent blank (denote as As) and
the control solution at 548 nm. using 1-cm.

- optical path length cells. Use distilled water,
not the reagent blank, as the reference.
(Nore! This is important because of the color
sensitivity of the reagent blank to tempera-
ture changes which can be induced in the
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cell compartment of a spectrophotometer.)
Do not allow the colored colution to stand
in the absorbance cells, becaucs o ilm of dyo
may be deposited. Clean cells with alcohol
after use. If the temperaturo of the detcrmi-
nations does not differ by more than 2° O.,
from the calibration temperature (8.2), the
reagent blank should be within 0.03 aboorhe
ance unit of the y-intercept c¢f the calibra-
tion curve (8.2). If the rcagent blanik: differs
by more than 0.03 abserbanco unit from that
Tound in the calibration curve, prepare a new
curve.

23 Absorbance Range. If the absorbance
of the sample solution ranges between 1.0
and 2.0, the sample can be diluted 1:1 with
& portion of the reagent blonk and recd
within a few minutes. Sclutions with higher
sbsorbance can be diluted up to sixfeld with
the reagent blank in order to obtain onccale
reidings within 10 percent of tho true ab-
sorbance value,

8. Calibration and Efficicneics.

8.1 Flowmeters and Hypodermie Necdle.
Calibrate flowmeters and hypodermic nec-
dle (8) against o callbrated wct test meter,

8.2 Calibration Curres.

82.1 Proccdure with Sulfite Solution. Ac-
curately pipet gradusted amounts of the
working, sulfite-TOM colution (6.29) (such
250, 0.5, 1, 2, 3, and 4 ml) into n cerles of
25-ml. volumetric finsks, Add sufiictent TCAL
solution to each finck to bring tho velums to
epproximately 10 ml Then add the remaining
reagents as deseribed in 7.2.2, For maximum
precision use a constant-temperature bath.
The temperature of calibratlon must be
maintained within 1° C. and in the range
of 20° to 30° O. The temperature of callbra-
tion and the temperature of analysls must be
within 2 degrees. Plot the at-orbance agalnst
the total concentration in zg. S0: for the
corresponding solution. The total ;g £02 in
solution equals the concentration of the
standard (Section 6.2.9) in rg. £0:z/ml. times
the ml. sulfite solution added (x3. £0:=
£g./ml. 02X ml. added). A linear relation-
ship should be obtalned, and the y-intercept
should be within 0.03 absorbance unit cf the
zero standard absorbance. For maximum pre-
ciston determine the line of best it using
regression analysis by the method of least
squares. Determine the clope of the Une of
best fit, calculate its reciproeal and denoto
as Bs. Bs Is the callbration factor, (Sco Scc-
tlon 6.2.10.1 for specifications on the clope of
the calibration curve). This calibration fac-
tor can be used for calculating results pro-
vided there are mno radieal changes in
temperature or pH. At least one control
sample containing a known coneentration of
S0z for cach eerles of determinations, is
recommended to insure the reliabllity cf this
factor.

822 Procedure with
Tubes.

8221 General Conslderations. Atmoc-
pheres containing necurately known amounts
of sulfur dioxide at levels of interest can bo
prepared using permeation tubes, In the
systems for generating these atmoecpheres,
the permeation tube emits £0, pas nt a
known, low, constant rate, provided tho tem-
perature of the tube is held censtant (:20.1°
C.)" and provided the tube has been cecus
rately calibrated at the temperature of uce,
The SO, gas permeating from tho tuke is
carried by a low flow of inert gas to o mix-
ing chamber where it 15 accurataly diluted
with SO,-frce alr to the lovel of intercst and
the sample taken, Thece systems ore chovm
schematically in Figurcs A2 and A3 and have
been deserlbed in detafl by O'Rcefle and
Ortman (9), Scaringelll, Frey, and Salteoman
(10), and Scaringelli, O'Eceffe, Rocenberg,
and Bell (11).

8222 Preparation of Standard Atmoes-
pheres. Permeation tubes may be prcparcd
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or purchaced. Scaringelli, O'Keeffe, Rozen-
berg, and Bell (12) give detalled, explicit
directions for pormeation tube calibration.
Tukes with a certificd permeation rate are
avallable frem the National Bureau of Stand-
ardz. ‘Tube permeoation rates from 02 to 04
Fg/minute inert gos flows of about 50 ml./ -
minute and dilution atr flow rates from 1.1
‘2 16 Uters/minutes eonvenlently pive stand-
ard atmospheres contalning decired levels
of SO, (23 t9 339 £3./m3; 0.01 to 0.15 p.pm.
£0)). Thie concentration of SO, in any stand-
ard atmorphere can bo caleulated as follows:

P:l103
C=
R, +R,
TYhere: N
O =Concentration of SOz, £Z./m3 ot ref-
erenca conditions.

P =Tubapcmeationrate, £3./minute.

Ba=FIow rate of dilution air, Uter/minute

at reference conditions,

R1=FIow rate cf inert gas, Uter/minute at

rcferenca conditions.

8223 Sempling end Pregaration of Coli-
brotion Curve, Prepare a cerles (usually six)
cf ctandard atmospheres confaining SOz
Iovels from 235 t9 330 23. SO,/ma. Sample each
atmesphere uing cimilar apparatus and tok-
ing exactly the came alr volume o3 will he
doze in atmospheric sompling. Determine
ab-orbances as directed in 7.2. Plot the con-
centrotion of EO: in £g./m3 (x-axis) ogeinst
A—A, values (y-axis), draw the straight line
of best fit and determine the slope. Alfer-
natively, regrecslon analysis by the method
of lcast cquares may be used to calculate the
slopo. Calculate tho reelprocal of the clope
and denoto a5 B,

8.3 Sempling Eflciency. Collectlon effi-
clency Is above 83 percont; eficlency may
1ol off, howevcr, at concentrations below 25
£8.fm3, (12, 13)

9. Calculations.

8.1 Conrerslon of Volume. Convert the
volume of alr campled to the volume at ref-
ercnce conditions of 25* C. end 760 mm. Hg.
(On 24-hour camples, this may not be
poclible.)

P 2338
Ve=V 1%
769 t+273

Va=Volume of alr at 25° C, and 760 mrm.
Hg, Uters. L
V =Volums of air campled, Uters.
P =Barometric precsure, mm. Hg.
+ =Tomperature of alr cample, °C.
82 Sulfur Diozlde Concentrotion.
2.1 Then pulfite colutions are used to
prepare callbration curves, compute the con-
centration of sulfur dioxide in the cample: )

(A—4:) (1) (Bs)
“D
Ve

A =8Sample abcorbance.
A,=Reagent blank pbzorbance.
103=Convcrclon of Uters to cuble meters.

£0-E0./m3

Vo =The cample corrected to 25° C. and
769 mm. He, Uters.
Bs =Callbration factor, rg./zbzorbance
D =Dllution factsr.
For 3¢-minute and 1-hour somples,
D=1.

For24-hour camples, D=10.

922 Yrhen S0: gos ctandard atmospheres
ara uced to prepare eallbration curves, com-
puta the culfur diozlde in the cample by the
following formula:

80, r3./m3=(A~—As) ::B:

A =Sample abcorbance.

Ag=Reagent blank ahoorbance,

B:=(Sca 8.2.23).

823 Converslon of pg./m3 to ppm.=It
declred, the concentration of sulfur dioxide
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may be calculated as p.p.m. SO ab reference
conditions as follows:
p.p.m. SO,=xg. SO,/ms2:X3.82X 10+
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APPENDIX B—REFERENCE METHOD FOR THE
DETERMINATION OF SUSPENDED PAETICULATES
IN THE .ATMOSPEERE (HIGE VOLULIE
ATETEOD) i

1. Principle and Applicability.

11 Air is drawn into a covered housing
and through a filter by means of a high-flow-
rate blower at & flow rate (1.13 to 170 m3/
min; 40 to 60 ft3/min) that allows sus-
pended particles having diameters of less
than 100 zm. (Stokes equivalent diameter)
to pass to the filter surface. (I) Pariicles
within the size range of 100 to 0.1zm. diame-
ter are ordinarily collected on glass fiber fil-
ters. The mass concentration of suspended
particulates in the ambient air (ug./ms3) is
computed by measuring the mass of collected
particulates and the volume of air sampled.
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12 This methed is applcablo to mensure«
ment of the mnss concentration of sucponded
particulates in amblent alr. Tho cizo of tho
cample colleeted i3 wsunlly adequate for
other nnalyzes.

2. Range and Sensttivity.

21 When the campler {5 operated ot an
average flow rate of 1.70 m3/min, (CO f£t3/
min.) for 24 hours, an adequate cample will
be obtained even in an ctmocphere hoving
concentrations of suspendced partioulates oS
low as 1 pg./ma3, If particulato lovels aro
unusually high, o catisfactory cample may bo
obtained in 6 to 8 hours or lcos. For dotor-
mination of average concontrations of suce
pended particulates in amblent alr, o ctanda
ard campling perled of 24 hours 3
recommended,

S191

223 Welsh'ls are determined to the near-
ect miltizram, alrflow rates are determined to
tho nearest 0.03 m3/min. (1.0 ft3/min)),
times are determined to the mearest 2
minutes, and mass concentrations are re-
parted to tho nearest microgram per cubic
meter,

3. Inferferences.

3.1 Partlcunlate matter that Is clly, such
as photochemical smog or wood smoke, may
bleck tho filter arnd cause a rapld drop in
atrflsw at a nonuniform rate. Dense fog or
high humidity ¢can cause the filter to becoms
100 wet and severely reduce the airflow
tarcugh the filter,

32 Glacs-fiber fillers are comparatively
insensitive to changes in relative humidity,
but callected particulates can be hyzro-
scople. (2)

4. Precislon, Accuracy, end Stability.

41 Basced upsn collzborative testing, the
relative stavdard deviation (coefficient of
variatton) for clogle analyst varlation (re-
peatabllity of thn methcd) i1s 3.0 percent.
The correcponding value for multilaboratory
variation (reproducthility of the method) is
3.7 percent. (3)

42 The accuracy with which the sampler
measure3 the trus average -concentfration
depends upon the constancy of the alirflow
Tate through the sampler, The airflow rate is
affected by the concentration and the nature
of the dust in the atmocphere. Under these
conditions the erxcr in the measured aver-
age concentration may be in excess of +50
pereent of the true average concentration, de-
pending cn the amsunt of reduction of air-
1ow rate and on the varlation of the mass
concentration of dust with time during the
24-hour sampling period, (4)

6. Apparatus.

6.1 Sampling.

511 Sampler. The sampler conslzts of
thres units: (1) the faceplate and gasket,.
(2) the fitter adapter aszembly, and (3) the
motor unit. Pigure Bl shows an exploded
view of these parts, thelr relationship to each
other, and how they are assembled. The
sampler must be capable of pascing environ-
mental air through a 4065 cm2 (63 Inz?)
portion of & clean 203 by 254 em. (8- by
10-in.) glass-fiber filter at a rate of at least
170 m3/min. (€9 1t.3/min.). The motor mush
be capable of continucns operation for 9Z-
hour perieds with input voltages ranging
from 110 to 120 volts, £9-69 cyeles alternnt-
ing current and must have third-wire safety
tround. The housing for ths mster unit
may be of any csuvenlent construction so
long as the unit remains alrticht and leak-
Irce. The life of the sampler motor can be
extended by lswering the voltage by absut
10 pereent with 8 small “busiz or boost”
tran~former botween the compler and power
cutict,

612 Sampler Shelter. It 15 imporiont
that the campler ke properiy Instolled in o
cultable chelter. The cholter Is cubjected to
extremes of temperature, humtdity, and ot
t5pc3 of alr psllutants, For thecs recsins
the matcrinls of the chclter must ke chzoen
carefully. Propcriy pointcd exterlor plywead
or hicavy gause aluminum corve well, The
campler muct e msunted vertleally in the
chelter £ that the placc-fber filter Is parel-
1l with the ground. The shelter must be
Frovided with a rosf co thot tho filter 1s pro-
tocted from preclpitation and debrls. Tae
intern} orrensomont ond configuration of
o cultable chelter with o goble rosf are chown
in Figura B2. Tae clearaned arca between the
main howsing and the reof ob it elsscst
point chould ke LL2541635 em3 (9930
in?). The main houclngy chould be rectangu-
Izr, with dlmenclons of chout 23 by 36 cm.
(111% by 14 in.)).

0.13 Rofemcter. Marited in  orbifrory
units, frequently 0 to 70, and capzble of
belng callbrated. Other devicss of at least
comparable acouracy may ba used.

-
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5.1.4 Orifice Calibration Unit. Consisting
of a metal tube 7.6 cm. (3 in.) ID and 159
em. (61 .1in.) long with a static pressure tap
6.1 em. (2 in)) from one end. See Figure
B3. 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
0.2¢ cm. (33 in.) thick with a central orifice
2.9 cm, (114 in.) in diameter is held in place

at the alr inlet end with a female threaded’

ring. The other end of the tube is flanged to
hold a loose female threagded coupling, which
screws onto 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. An orifice calibration unit is
shown in Figure B3.

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

5.1.8 Positive Displacement IMeter. Cali~
brated in cubic meters or cublc feet, to be
used as & primary standard.

5.17 Barometer. Capable of measuring at-
mospheric pressure to the nearest mm.

6.2 Analysis.

5.2.1 Filter Conditioning Environment.

Balance room or desiccator maintained at
15° to 35°C, and less than 50 percent relative
humidity.

5.2.2 Analytical Balance. Equipped with
a welghing chamber designed to handle un=~
folded 20.3 by 25.4 cm. (8- by 10-in.) filfers
and having s sensitivity of 0.1 mg,

5.2.3 Light Source. Frequently a table of
the type used to view X-ray films,

5.2.4 Numbering Device. Capable of print-
ing identification numbers on the filters,

6. Reagents.

6.1 Filter Media. Glass-iber filters having
a collection efficiency of at least 99 percent
for particles of 0.3 um. diameter, as measured
by the DOP test, are sultable for the quantl-
tative measurement of concentrations of sus«
pended particulates, (§) although some other
medium, such as paper, may be desirable for
some analyges, If a more detailed analysis is
contemplated, care must be exercised to use
filters that contain low 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. Expose each fiiter
to the light source and inspect for pinholes,
particles, or other imperfections. Filters with
visible imperfections should not he used. A
small brush is useful for removing particies.
Equilibrate the filters in the filter conditjon-
ing environment for 24 hours. Weigh the
filters to the nearest milligram; record tare
weight and filter identification number. Do
not bend or fold the filter before collection
of the sample.

7.1.2 Sample Collection. Open the shelter,
loosen the wing nuts, and remove the face-
plate from the filter holder. Install a nums+
bered, preweighed, glass-fiber filter in posi-
tion (rough slde up), replace the faceplate
without disturbing the filter, and fasten
gecurely. Undertightening will allow air leak~
age, overtightening will damage the sponge-
rubber faceplate gasket. A very light applica-
tion of talcum powder may be used on the
sponge-rubber faceplate 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
5 minutes, connect the rotameter to the
nipple on the back of the sampler, and read
the rotameter ball with rotameter in a verti-
cal position. Estimate to the nearest whole
number. If the ball is fluctuating rapidly,
tip the rotameter and slowly straighten it
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until the ball gives & constant reading. Dis-
connect; the rotameter from the nipple; re-
cord 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.) Sample for 24 hours from mid-
night to midnight and take a final rotameter
reading. Record the final rétameter reading
and ending time and date on the filter folder.
Remove the faceplate as described above and
carefully remove the filter from the holder,
touching only the outer edges. Fold the filter
lengthwise so that only surfaces with cole
lected particulates are in contact, and place
in a manila folder. Record on the folder the
filter number, location, and any other factors,
such as meteorological conditions or razing
of nearby buildings, that might affect the
results. If the sample 1s defective, void it at
this time. In order to obtain a vallid sample,
the high-volume sampler must be operated
with the same rotameter and tubing that
were used during its calibration.

7.2 Analysis. Equilibrate the exposed fll-
ters for 24 hours in the filter conditioning
environment, then reweigh. After they are
weighed, the filters may be saved for detalled
chemical &nalysis.

7.3 Maintenance.

7.3.1 Sampler Motor, Replace brushes
before they are worn to the point whero
motor damage can occur. -

7.3.2 Faceplate Gasket. Replace when the
margins of samples are no longer sharp. The
gasket may be sealed to the faceplate with
rubber cement’or double-sided adhesive tape.

7.3.3 Rotameter. Clean as required, using
alcohol. =

8. Calibration.

8.1 Purpose. Since only & small portion
of the total air sampled passes through the
rotameter during measurement, the rofam-
eter must be callbrated against actual air«
flow with the orifice callbration unit. Before
the orifice calibration unit cah be used to
calibrate the rotameter, the orifice calibra-
tion unit dtself must be callbrated against
the positive displacement primary standard.

8.1.1 Orifice Calibration Unit. Attach the
orifice calibration unit to the intake end
of the positive displacement primary stands
ard 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

& series of different, but constant, airflows

(usually six) are obtained for definite time
periods. Record the reading on the differen-
tial manometer at each airflow. The different
constant airflows are obfained by placing o
series of loadplates, one at a time, between
the calibration unit and the primary stand-
ard. Placing the orifice before the inlet re-
duces the pressure at the inlet of the primary
standard below atmospheric; therefore, &
correction. must be made for the increass in
volume caused by this decreased inlet pres-
sure. Attach one end of & second differential
manameter to an inlet pressure tap of the
primary standard and leave the other open
to the atmosphere. During each of the con-
stant airflow measurements made above,
measure the true inlet pressure of the
primary standard with this second differen-
tial manometer. Measurg atmospheric prese
sure and temperature. Correct the measured
air volume to true air volume as directed in
9.1.1, then obtain true airflow rate, Q, as
directed in 9.1.3. Plot the differential manome-
eter readings of the orifice unit versus Q,
8.1.2 High-Volume Sampler. Assemble a
high-volume sampler with a clean filter in
place and run for at least 5 minutes. Attach
a rotameter, read the ball, adjust so that the
ball reads 65, and seal the adjusting mech-

anism 50 that it cannot bo chanped casily.
Shut off motor, remove the filter, and attach
the orifico calibration unit in its plege, Ope
erate the high-volume sampler at o cerles of
different, but constant, eirflows (usually slx),
Record the reading of tho differentinl moe
nometer on the orifico callbretion unit, and
record the readings of the rotameter ot cach
flow, Measure atmospherie pressure and tome«
perature, Convert the differential manometer
reading to m&/min., @, then plat rotamoter
reading versus Q.

8.1.3 Correction for Differencesin Pressure
or-Temperature, Seo Addoendum B,

0, Calculations,

9.1 Cualibration of Orifice.

9.1.1 True Air Volume. Caloulato the oir
volume measured by tho positiva displaco-
ment primary standaxd,

(Pa—Pm)
Vaz=

(V)

Va=True air volume &t Rtmozpherlo pres-
* sure, m3

Pa=Barometric pressure, mm, Hg,

Pm=Pressure drop ot inlet of primary
ectandaexrd, mm,. Hg,

Vu==Volume measured by primary stand-
ord, m3

9.1.2 Conversion Fuactors.

Inches He, ¥ 264 =mm, Hf.

Inches watery{73.483{10-3==inoles Hy.
Cublc feot alr:<0.0284=cublc metors nir.
9.13 True dirflow Rate,

Va

Q2

T

Q=Flow rato, m.%/min,
T="Time of flow, min,

92 Sample Volume.

0.2.1 Volume Conversion, Convert tho ini«
tiasl and final rotametor reodingy to true
airflow rote, @, using calibration ourvo of
8.12,

9.2.2 Calculote volume of atr sampled

QQe
V=——XT
a

V=Air volume sampled, ms
Qi=1Initial alxflow rato, m,%/min,
Qe=Fingl alrflow rato, m.%/min,

T=Sampling time, min.

0.3 Caleulute mass concentration of sus«
pended particulates
(We—Wh) %10
SP.=

8.P.=Mas3 concentration of susponded
particulates, po/m?
Wi1=1Initial welght of filter, g,
We=Finsl welght of filter, g.
V=Af1r volume sampled, m.®
100=Conversion of g.t0 x5,
10, References, ~

(1) Robzon, C. D, and Foater, X, I,
“Evaluation of Alr Partioulnto Some
pling Equipment”, Am. Ind. Hyg.
Assoce, J. 24, 404 (1062). |

(2) Tlerney, G. P, and Conner, W, D,
“Hygroscoplo Effcots on Welght Dotor«
minations of Particulates Collooted on
Glass-Flber Filters”, Am. Ind. Hyg.
Assoc. J. 28, 363 (1967).
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tion of the Nationnl Air Pollution Con-
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for High-Volume Alr Sampler”, Am.
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(5) Pate, J. B., and Tabor, E. C,, “Annlytical
Aspects of the Use of Glass-Fiber Fll-
ters for the Collection and Analysls of
Atmospheric Partlculate Matter”, Am.
Ind. Hyg. Assoc. J. 23, 144—160 (1962).

ADpENDA

A, Alternative Equipment.

A modification of the high-volume sampler
incorporating & method for recording the
actual airflow over the entire campling pe-
riod has been described, and Is acceptable
for measuring the concentration of sus-
pended particulates (Henderson, J. 8., Eighth
Conference on Methods in Air Pollution and
Industrial Hyglene Studlies, 1967, Oakland,
‘Calif.). This modification consists of an ex-
haust orifice meter assembly connected
through s transducer to a system for con-
tinuously recording airflovv on a circular
chart. The volume of alr sampled is cal-
culated by the following equation:

T V=QXT. .

Q=Average sampling rate, m.3/min,
T=Sampling time, minutes.

The average sampling rate, Q, 1s determined
Irom the recorder chart by estimation if the
flow rate does not vary more than 0.11 m.3/
min. (4 ft3/min.) during the sampling pe-
Tiod. If the flow rate does vary more than
011 m3 (4 ft3/min.) durlng the sampling
period, read the fiow rate from the chart
&t 2-hour Intervals and take the average.
B. Pressure and Temperature Corrections.

FILTER
Fosimied

RUT 2D EOLY

ROTANLTEN
[Zontagaman:y
LRACLIP

If the prosure or temporature during
high-volume compler callbration 15 cubstane
tially different from the precsure or tempora-
ture during corifico callbration, a corrcction
of the flow rate, @, may be reguired. If tho
pressures differ by no meore than 15 poreent
and the tompceratures difger by ro more than
100 pereent (°C), the arcr in the un-
corrceted dow rate will ko no more than 15
pereent, IC necoccory, obtaln tho corrested
flow rate os directed below. Thls correstion
applics only to corifice meters having o cone
gtant crifice cocfiiclent, The cocficlent for
the calibrating corifico deogribed fn 6.1.4 has
been chown esperlmentally to be constant
over the normal eperating rango of the hish-
volume comipler (0.0 to 2.2 m3/min.; 29 to 78
1t3/min.), Caleulate corxected flow rato:

TP
e=e[7]

Qa=Corrccted dow rate, m3/min,

Q=Flow rate during hich-volume campler
calibration (€cction 8.1.2), m2/min,

Ty=Abzolute temperature during orifico
unit callbration (Scction 6.1.1), °K
or *E.

P;=Barometrlc preosure during erifice unlt
calibration (Ecction 8.1.1), mm. Hz.

Te=Abcolute tcmperature during highe
volume campler calibration (Scetion
8.1.2), ‘K cr *B.

Po=Barometrls pressure during high-vol-
umo campler callbration (Scction
8.1.2), mm. Bf.

(s> §

\xrm.'m:u

ﬁ'&fﬁi] FLAYD

Fizumo Ble Expledidvizi el pled Poswictemantrens e pantse
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- Figure B2. Assembled sampler and shelter,

ORIFICE

RESISTANCE PLATES

Figure B3, Orificé calibration unit,

ArpENDIX C—REFERENCE NETHOD FOR THE

" CONTINUOUS NMEASUREMENT OF CARBON
MONOXIDE IN THE ATMOSPHERE (NON-
DISPERSIVE INFRARED szcz:nonm'mr)

1. Principle and Applicability.

1.1 This method is based on the absorp-
tion of infrared radiation by carbon mon-
oxlde. Energy from a source emitting radia-
tion in the infrared region is split into
parallel beams and directed through ref-
erence and sample cells. Both beams pass
into matched cells, each containing a selec-

tive detector and CO. The CO in the cells
absorb infrared radiation only at its charac=
teristic frequencies and the detector 18 sensi-
tive to those frequencies, With & nonabsorb-
ing gas in the reference cell, and with no
CO in the sample cell, the signals from
both detectors are balanced electronically.
Any CO introduced into the sample cell will
absorb radiation, which reduces the temper-
ature and pressure in the detector cell and
displaces a diaphram. This.displacement ig
detected electronically, and ampliﬁed to pro-
vide an output signal.

1.2 This method i3 applicablo to the do«
termination of carbon monoxide in amblent
air, and to the anslysis of pgoses under
pressure,

2, Range and Sensitivity.

2.1 Instruments are availablo that moay«
wre in the ran%e of 0 to 58 mg./ms (0-50
p.p.m.), which is the range most commonly
used for urban stmogpheric sampling, Mout
instruments measure in additional rangex,

23 Sensitivity is 1 percent of full-gealo
response per 0.6 mg, CO/m. (0.6 p.p.m.),

3. Interferences.

3.1 Interferonces vary betweon individunl
instruments, The eoffcet of carbon dloside
interference af normel concentrationy lg
minimsal, The primary interferonce s water
vapor, and with no correction may give an
interference equivalent to ag high ag 12 mg.
CO/m3 Water vapor interference con be
minimized by (a) passing the air sample
through silica gel or similar drylng apents,
(b) maintaining constent humidity in the
sample and calibration geses by refrigora«
ton, (¢) satureting the alr cample and onll=
bration gases to maintsin constent humid-
ity or (d) using narrowbond optleal filters
in combination with some of thezo measured,

3.2 Hydrocarbons at omblent levels do
not ordinarily interfore.

4. Precision, Accurcoy, end Stability.

4.1 Precision dotermined with calibration
gases 18 0.6 percent full scale in tho 0-48
mg./ma3 range.

4.2 Accuracy deponds on instrument

’ linearity and the abzolute concentrationy

of the callbration pases. An acournoy of #+1
percent of full ecale in the 0-68 mg/m?2
rangd can be obtained.

4.3 Variations in amblent room temporie
ture cen caude chenges equivalont to s
much as 0.5 mg. CO/mS por °C. This offcob
can be minimized by operating the analyzer
in a temperature-controlled room, Pressure
changes between span ocheoks will ocauge
changes in instrument responss, Zero drift
i3 usually less than 1 percent of full coale
per 24 hours, if cell tempeorature and pred-
gure are maintained constont,

5. Apparatus.

6.1 Carbon Monoxide Analyzer. Commora
clally avallable instruments should be in-
stalled on location and demonstrated, prof-
erably by the manufecturer, to meot or
excced monufacturers spocifications and
those described in this method,

5.2 Sample Introduction System. Pump,
flow control valve, and flowmeter,

8.3 Filter (In-line). A filter with n poros«
ity of 2 to 10 microns should be used to
keep large particles from tho samplo coll.

5.4 Moisture Control. Refriperntion unity
are avallable with some commercinl instrit-
ments for maintaining constant humidity.
Drying tubes (with sufficlent capaolty to op«
erate for 72 hours) containing indionting
sllica gel can be used. Other technlques that
prevent the Iinterference of molstiire are
satisfactory.

6. Reagents.

6.1 Zero Gas. Nitrozen or helium contaln.
ing less than 0.1 mg. CO/m32

6.8 Calibration Gases, Callbrotion gased
corresponding to 10, 20, 40, and 80 peorcent
of full scale pre used. Gases mugt bo pro«
vided with certification or guarantecd anal«
ysis of carbon monoxldd content,

6.3 Span Ges. The calibration s corro-
sponding to 80 percont of full scale is used
to span the instrument.

7. Procedure.

7.1 Calibrate the in.,trumont 09 deseribed
in 8.1. All gases (sample, zero, oalibration,
and span) must be introduced into the en-
tire snalyzer system, Figuro Ol chows o
typical flow dlagram. For speeiflo operating
instructions, rofer to tho monufnoturcs’d
meanual, ~
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8. Calibration,

8.1 Calibration Curve. Determine the
linearity of the detector response at the
operating flow rate and temperature. Pre-
pare a calibration curve and check the curve
‘furnished with the instrument. Introduce-
zero gas and set the zero control to indicate
a recorder reading of zero. Introduce span
gas and adjust the span control to indicate
the proper value on the recorder scale (e.g.
on 0-58 mg./m3 scale, set the 46 mg./m.®
standard at 80 percent of the recorder
chart). Recheck zero and span until adjust-
ments are no longer necessary. Introduce
intermediate calibration gases and plot the
“values obtained. If a smooth curve is not
-obtained, calibration gases may need
replacement.
= 9. Calculations. N

9.1 Determine the concentrations directly
from the calibration curve. No calculations
are necessary.

9.2 Carbon monoxide concentrations in
mg./m3 are converted to p.p.m, as follows:

p.pam. CO=mg. CO/m3xX0.873

10, Bibliography.

The Intech NDIR-CO Analyzer by Frank
McElroy. Presented at the 1lth Methods
Conference in Air Pollution, University of
California, Berkeley, Calif., April 1, 1970,

Jacobs, M. B. et al, J.AP.CA. 9, No, 2,
110-114, August 1959.

AISA IIRA Infrared Gas and Liquid Ana-
lyzer Instruction Book, Mine Safety Appli~
ances Co., Pittsburgh, Pa.

Beckman Instruction 1635B, Models 2154,
315A and 415A Infrared Analyzers, Beckman
Instrument Company, Fullerton, Calif.

Continuvous CO Monitoring System, Model
A 5611, Intertech Corp., Princeton, N.J.

Bendix—UNOR Infrared Gas Analyzers.
Ronceverte, W. Va. .

s ADDENDA

A, Sziygested Performance Specifications
for NDIR Carbon Monozide Analyzers:

Range (minimum)-_—--o 0-58 mg./m3
i . (0-50 p.p.m.).
Output (minimum) _--- o-10, 100, 1,000,"
5,000 mv. full

scale.
Minimum detectable sen- 0.6 mg/m3 (05

sitivity.
B . p.pm.).
Lag time (maximum)_._. 15 seconds.
Time to 90 percent re- 30seconds.
sponse (maximum).
Rise time, 90 percent 15seconds.
(maximum).
Fall time, 90 percent 15 seconds.

3 percent/ week,
not to exceed
1 percent/24
hours.

.3 percent/week,
not to exceed
1 percent/24
hours.

0.5 percent,

3 days.

(maximum).
Zero drift (maximum) ...
Span drift (maximum)--

Precision (minimum)...

Operational period (min~
imum).

Noise (maximum).aee-ee

Interference equivalent:
(maximum).

Operating temperature
range (minimum).

Operating humidity range
(mipimum).

Linearity (maximum de- 1 percent of full
viation). i scale,
B. Suggested Definitions of Performance

Specifications:

Range~The minimum and mazimum meas-
urement limits.-

0.5 percent.
1 percent of full
scale, —

5-40° C.
10-100 percent.

RULES AND REGULATIONS

Output—Eiectrical signal which is propor-
tional to the measurement; intended for
connection to readout or data procescing
devices. Usually expressed as millivolts or
milliamps full scale at o glven impedance.

Full Scale—The maximum measuring Hmit
for o given range. °

Minimum Detectable Sensitivity—Tae small-
est amount of input concentration that
can be detected as the concentratien op-
proaches zero,

Accuracy—The degree of agreemeoent between
a8 measured value and the true value; usu-
ally expressed as #: percent of full ceale

Lag Time—The time interval from a gtep
change in input concentration at the ine-
strument inlet to the firct corresponding
change in the instrument cutput.

Time to 90 percent Response—The time in-
terval from o step change in the input
concentration at the instrument inlet to
o reading of 90 percent of the ultimate
recorded concentration.

Rise Time (90 percent)—Tho interval be-
tween initlal response time and time to 90
percent response after a step increacs in
the inlet concentration.

Fall Time (90 percent)—Tho interval beo-
tween Initinl responsce time and time to
90 percent response after a step decrease
in the inlet concentration.

Zero Drift—The change in instrument oute
put over 3 stated time period, usually 21
hours, of unadjusted continuous opecra-
tion, when the input concentration is
zero; usually expressed as percent full
scale,

8195

Span, Dritt—The change in instrument out-
put over a stated time period, uvsually 22
hours, of unadjusted continuous cpara-
tion, when the input concentration is a
stated upscale value; usually espreszed as
percent full seale. .

Preclision—Too degree of agreement between
repeated mexsurements of the scme con-
cantyation, expresced as the average devia-
tion of the cingle results from the mean.

Operational Perled—The period of time over
which the instrument can be expected to
operato unattended within cpecifications.

Nolce—Spontanecous deviations from a mean
output not cauced by input concentration
changes,

Interferonce—An undesired pocitive or nega-
tive output cauced by a suketance other
thon the one belng measured.

Interferonce Equivalent—The portion of
indicated input concentration due to the
precence of an interferent.

Operating Temperature Range—The range
of cmbient temperatures over which the
instrument will meet all performance
cpecifications.

Operating Humlidity Range-—The range of
amblent relative hum!dity over which the
instrument will meet all performance
specifications.,

Linearity—The maximum deviation between
an actual instrument reading and the
reading predicted by a straight Hne drawn
between upper and lower calibration
polnts.
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APPENDIX D—REFERENCE MIETHOD ¥OR THE

2 OF PHOTOCHEMICAL OXIDANTS

CORRECTED FOR INTERFIRENCES DUE 7TO
NITROGEN OXIDES AND SULFUR DIOXIDE

1. Principle and Applicability.

1.1 Ambient air and ethylene ace de-
livered simultancously to & mixing zondg
where the ozone. in the alr reacts with the
ethylene to emit light which 15 detected by
a photomultiplier tube, The resulting photo-
current is amplified and i3 elther rood die
rectly or displayed on a rceorder.

1.2 The method ic applicable to the con-
tinuous measurement of czone in amblent

2. Range and Sensitivity.

‘2.1 The range is 9.8 gp. 0./m3 to greater
than 1960 Npg. O./ms2 (0.605 p.pan. O; to
grgater than 1 p.pan. O,). .

22 The consitivity 15 9.8 z2. Ov/m3 (0.005
p.pm. Os).

3. Interferences.

3.1 Otaer oxidiring and reducing specles
?ormnuy found in amblent alr do not inter-

ore.

4. Prectision engd Accuracy.

4.1 The average deviction from the meon
of repeated cingle measurements does not ex-
ceed b porcent of the mean of the measure-
ments,

423 Toe method i accurate within 7
percent,

§. Apparztus.

5.1 Dctector Ccll. Figure D1 is a drawing
of o typleal detector coll showing dow paths
of gaces, the mixing zsne, and placement of
tho photomultiplicr tube. Other flow paths
in which the alr and ethylene streams meet
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at & point near the photomultiplier tube are
also allowable, -

5.2 Alr Flowmeter. A device capable of
controlling air flows between 0-1.5 1/min,

5.3 Ethylene Flowmeter. A device capable
of controlling ethylene fiows between 0-50_
ml./min. At any flow in this range, the device
should be capable of maintaining constant
flow rate within +3 ml./min.

5.4 Air Inlet Filter, A Teflon filter
capable of removing all particles greater than
5 microns in diameter.

6.5 Photomultiplier Tube. A high gain
low dark current (not more than . 13¢10-?
ampere) photomultiplier tube having its
maximum gain at about 430 nm, The fol-
lowing tubes are satisfactory: RCA 4507,
RCA 8576, EMI 9750, EMI 9524, and EMIL
9536. -

5.6 High Vollage Power Supply. Capable
of delivering up to 2,000 volts.

6.7 Direct Current Amplifier. Capable of
full scale amplification of currents from 10-1°
to 10-7 ampere; an electrometer is commonly
used. -

5.8 Recorder. Capable of full scale display
of voltages from the DC amplifier. These volt-
ages commonly are in the 1 millivolt to 1-volt
range, '

5.9 Ozone Source and Dilution System.
The ozone source consists of a quartz tube
into which ozone-free air is introduced and
then trradiated with & very stable low pres-
sure mercury lamp. The level of irradiation is
controlled by an adjustable aluminum sleeve
which fits around the lamp. Ozone concen-
trations are varied by adjustment of this
sleeve, At a fixed level of irradiation, ozone is
produced at a constant rate. By carefully
controlling the flow of air through the quartz
tube, atmospheres are generated which con-
taln constant concentrations of czone. The
levels of ozone in the test atmospheres are
determined by the neutral buffered potas-
slum jodide method (see section 8). This
ozone source and dilution system is shown
schematically in Figures D2 and D3, and has
been described by Hodgeson, Stevens, and
Martin,

6.10 Apparatus for Calibration

5.10.1 Absorber. All-glass impingers as
chown in Figure D4 are recommended. The
impingers may be purchased from most ma-
Jor glassware suppliers. Two absorbers in
serles are needed to insure complete collec-
tion of the sample.

6.10.2 Air Pump. Capable of drawing 1
Iliter/minute through the absorbers. The
pump should be equipped with & needle valve
on the inlet side to regulate fovwr.

6.103 Thermometer. With an accuracy
of +2¢ C.

5.104 Barometer. Accurate to the nearest
mm. Hg.

5.10.6 Flowmeter. Calibrated metering de-
vice for measuring flow up to 1 liter/minute
within 2 percent. (For measuring flow
through impingers.)

5.10.6 Flowmeter. For measuring airflovwy
past the lamp; must be capable of measuring
flows from 2 to 15 lters/minute within 5
percent.

5.10.7 Trap. Containing glass wool to pro-
tect needle valve,

5.10.8 Volumeiric Flasks. 25, 100, 500,
1,000 ml.

5.10.9 Buret. 50 ml,

5.10.10 Pipets. 0.5, 1, 2, 8, 4, 10, 25, and
50 ml. volumetric.

5.10.11 Erlenmeyer Flasks. 300 mil.

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

6. Reagents.

6.1 Ethylene. C. P. grade (minimum),

8.2 Cylinder Air. Dry grade.

6.3 Activated Charcoal Trep. For filtering
cylinder air.,
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6.4 Purified Weater, Used for all reagents.
To distilled or deionized water in an all-glass
distillation apparatus, add a crystal of potas-
sium permanganate and a crystal of barium
hydroxide, and redistiil.

6.5 Absorbing Reagent. Dissolve 13.6 g.
potassium dihydrogen phosphate (KH,PO,),
14.2 g. anhydrous disodium hydrogen phos-
phate (N2 ,HPO,) or 35.8 g. dodecahydrate
salt (Na HPO,12H 0), and 10.0 g. potassium
lodide (KI) in purified water and dilute to
1,000 ml. The pH should be 6.8--0.2. The

. solution is stable for several weeks, if stored

in a glass-stoppered amber bottle in a cool,
dark place. -

6.6 Standard Arsenious Ozxide Solution
(0.05 N). Use primary standard grade arse-
nious oxide (As,0;). Dry 1 hour at 105° C.
immediately before using. Accurately ‘weigh
2.4 g. arsenious oxide from a small glass-
stoppered weighing bottle. Dissolve in 25 ml.
1 N sodium hydroxide in a flask or beaker on
a steam bath. Add 25 mil, 1 N sulfuric acid.
Cool, transfer quantitatively to a 1,000-ml.
volumetric flask, and dilute to volume, NoTz:
Solution must be neutral to litmus, not
alkaline,

wt As,0; (g.)
Normality As:Qsm——0o—
49.46

6.7 Starch Indicator Solution (0.2 per-
cent). Triturate 0.4 g. soluble starch and ap-
proximately 2 mg. mercuric iodide (preserva-~
tive) with a little water. Add the paste slowly
to 200 ml. of bolling water. Continue boiling
until the solution is clear, allow to cool, and
transfer to a glass-stoppered bottle.

6.8 Standard Iodine Solution (0.05 N).

6.8.1 Preparation. Dissolve 5.0 g. potas-
sium jodide (XI) and 3.2 g. resublimed iodine
(L) in 10 ml, purified water. When the fddine
dissolves, transfer the solution to a 500-ml,
glass-stoppered volumetric flask. Dilute to
mark with purified water and mix thor-
oughly. Eeep solution in a dark brown glass-
stoppered bottle away from light, and re-
standardize as necessary.

6.8.2 Standardization. Pipet accurately 20
ml, standard arsenious oxide solution into o
300-ml. Erlenmeyer flask. Acldify slightly
with 1:10 sulfuric acid, neutralize vith solid
sodium bicarbonate, and add about 2 g. ex-
cess. Titrate with the standard lodine solu-
tion using 5 ml. starch solution as indiecator.
Saturate the solution with carbon dioxide
near the end point by adding 1 ml. of 1:10
sulfuric acid. Continue the titration to the
first .appearance of a blue color which per~
sists for 30 seconds. )

ml. As:03X Normality As.Os
Normality I-=

ml, Iz

6.9 Diluted Standard Iodine. Immediately
before use, pipet 1 ml. standard iodine solu-
tion into & 100-ml. volumetric flask and
dilute to volume with absorbing reagent.

7. Procedure.

7.1 Instruments can be constructed from
the components given here or may be pur-
‘chased. If commercial instruments are used,
follow the specific instructions given in the
manufacturer's manual. Calibrate the in-
strument as directed in section 8. Introduce
samples into the system under the same con-
ditions of pressure and flow rate as are used
in calibration. By proper adjustments of zero
and span controls, direct reading of ozone
concentration is possible.

8. Calibration.

8.1 KI Calibration Curve. Prepare a curve
of absorbance of varlous lodine solutions
against calculated ozone equivalents as
follows: ’

-

-

8.1.1 Into a sorles of 26 ml. velumotrio
flasks, pipet 0.5, 1, 2, 3, and 4 ml, of diluted
stondard lodino solutlon (6.0). Dlluto enoh
to the mark with abiorbing reagent, Mix
thoroughly, and fmmedistely read tho sbe
sorbance of each at 362 nm. ogainst unose
posed absorbing reazent os the roference.

€12 Caleulate tho concentratlon of tho
solutions as total xf. Os as follows:

Total pg. 0s= (N) (96) (V)
N=Normality I, (sce 6.8.2), me¢g./ml,
V,=Volume of diluted standard I, added,

ml, (0.5,1,2,3,4).

Plot absorbancs versus total xg, 0,

82 Insirument Calibration.,

8.2.1 Generation of Tcst Atmospleres, Ag=
semble the apparatus a3 shown in Figure D3,
The ozone concentration produccd by the
generator can be varled by changing tho po«
sition of the adjustsble sleovo, For cnlibrpe
tion of amblent air snalyzors, the ozone
source should he capable of producing ozone
concentrations in tho tranpgo 100 to 1,000
£8./m2 (0.05 to 0.6 p.p.m.) ot o flow rate of
at least 5 liters per minute. At all timey the
airflow through the generator must be grente
er than the total flow required by tho same
pling systems,

822 Sempling and Analyscs of Test At
mospheres. Assimblo the KI sompling train
8s shown in Figuro D4. Uso groundsflasy
connections upstream from the impinger.
Butt-to-butt conneotions with Tygon tubing
may be used. The manifold distributing tho
test atmospheres must bo sampled sirauls
taneously by the KI sampling train and the
instrument to bo calibrated. Cheelk posems
bled systems for leaks. Record tho instrue
ment response in nanoampoeres obt each
concentration (ususlly oix). Esteblish thezo
concentrations by snalysls, using the noue
tral buffercd potassium iodide mothod ag
follows: -

8.2.2.1 Blank. With ozone lamp off, fluszh
the system for several minutes to remeve
residual ozone. Plpet 10 ml, absorbing re«
agent into each sbzorber, Draw afr from tho
ozone-generating system through tho &nme
pling train at 0.2 to 1 lter/minute for 10
minutes. Imrediately transfor tho oxpozed
solution to a clean 1-cm, coll. Dotormine tho
absorbance at 852 nm, against unexposed
absorbing reagent as the roferenco. If tho
system blank gives an sbsorbance, continue
flushing the ozone generation system until
no absorbance 1s obtained.

8.22.2 Test Atmospheres. With the ozono
lamp operating, equillbrate the system for
about 10 minutes. Plpot 10 ml. of nbtorbing
reagent Into each sbsorber and collcot snme
ples for 10 minutes In the concontration
range desired for callbration. Immedintely
transfer tho solutions from tho two nbtorbe
ers to clean l-em. cells, Detormino tho ghe
sorbance of each at 352 nm. agalnst unexs
posed absorbing reagent as tho reference, Add
tho absorbances of the two golutions to obe
tain total abzorbanco. Read total .0, from
tho callbration curve (sco 8.1). Coloulato tow
tal volume of alr sampled correoted to rof=

erence conditions of 26° C. snd 760 mm, Hp,
as follows:

) P 208

Va=Vx{—-:: »10-2
760 t-+273

Vr =Volume of alr ot referenco condi«
tions, m.3

V¥ =Volume of alr ot zompling condi«
tions, lUters.

P =Barometrlc prezsure ot compling

conditlons, mm, Mg,
t =Tecmperature at compling condltions,
°C.

10-3=Converzion of liters to m2

1971
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Calculate ozone concentration in p.p.m. as 9.3 Converclon botween ppam. and 2./
follows: m.: valucs for ¢zone can be made as follows:
£g. O £8.0s

pp.m. Os= p.pm. Os=

$(5.10:¢10-

o 2110-¢
s $:5.10:710

823 Instrument Calibration Curre. In- 10. Bibliography.
strument response from the photomultiplier Hodereoon, J. 2 ,B. I, -
tube is ordinarily in current or voltage. Plot ga,dné;, R"é‘, ! %‘éﬁ_gﬁ@i f{é&ﬁ“&‘ﬁ.
the current, or voltage If oppropriate, neccent Afetheds for 2feasurement of Ate
(y-axis) for the fest atmospheres against mespheric Ozeno™, Progress in Analytleal
ozone concentration as determined by the Chemistry, Vel. V, Plenum Precs, 1871.
neutral buffered potassium jodide methed, Hodgeson, J. A., Stevens, B. K., and Martin,

~ . ! ', . » *

in p.pm. (z-axis). B. E, “A Stable Ozone Sourco Applicable as

9. Calculations. . a Secondary Standard for Calibration of At-

9.1 If a recorder is used which has been mespheric Monitors”, Analysls Instrumenta-
properly zeroed and spanned, ozone conCen~ tion Sympesfum, Instrument Sseloty of
trations can be read directly. Amerlca, Houston, Tex., April 1971,

9.2 If the DC amplifier is read directly,  Nederbragt, G. W., Van der Horst, A., and
the reading must be converted to ozome Van Duljn, J., Naiure 206, 87 (1963).
concentrations using the instrument calibra- YWarren, G, J., and Baboack, G, Bew. Sof.

m>

-JL:-‘ il By ou vte ws vy

g.m‘m‘ > =2 1m
¥

Hon curve {8.2.3). Instr, 41,280 (1070).
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Figure Di. Detector cell,
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APPENDIX E—REFERENCE METHOD FOR DETCR-
AMINATION OF HYDROCARBONS CORRECIED FOR
METEANE

1. Principle and Applicability.

1.1 DMeasured volumes of air are delivered
semicontinuously (4 to 12 times per hour)
to a hydrogen flame ionization detector to
measure its total hydrocarbon (THC) con-
tent. An aliquot of the same air sample is
introduced into a stripper column which re-
moves water, carbon dioxide, hydrocarbons
other than methane, and carbon monoxide.
Methane and carbon monoxide are passed
quantitatively to a gas chromatographic col~
umn where they are separated. The methane
is eluted first, and is passed unchanged
through a catalytic reduction tube into the
flame lonization detector, The carbon monox-
ide is eluted into the catalytic reduction
tube where it is reduced to methane before
passing through the flame Ilonization de-
tector, Between analyses the stripper column
is backflushed to prepare it for subsequent
enalysis. Hydrocarbon concentrations cor~
rected for methane are determined by sub~
tracting the methane value from the total
hydrocarbon value.

Two modes of operation are possible: (1)
A complete chromatographic analysis show-
ing the continuous output from the detector
for each sample injection; (2) 'The system
is programed for automatic zero and span
to display selected band widths of the
chromatogram. The peak height is then usea
as the measure of the concentration. The
former operation is referred to as the chro-
matographic or spectro mode and the latter
as the barographic or “normal” mode de-
pending on the make of analyzer.

1.2 The method is applicable to the semi-
continuous measurement of hydrocarbons
corrected for methane in ambient air., The
carbon monoxide measurement, which is
simultaneously obtained in this method, is
not required in making measurements of
hydrocarbons corrected for methane and will
not be dealt with here. .

2. Range and Sensitivity. N

2.1 Instruments are available with vari-
ous range combinations. For atmospheric
analysis the THC range is 0-13.1 mg./m.32
(0-20 p.p.m.) carbon (as.CH,) and the meth-
ane range is 0-6.656 mg/m.3 (0-10 p.p.m.). For
special applications, lower ranges are avail-
able and in these applications the range for
THC is 0-1.31 mg./m3 (0-2 p.p.m.) carbon
(as CH,) and for methane the range is 0-1.31
mg./m2 (0-2 p.p.am.). R

2.2 For the higher, atmospheric analysis
ranges the sensitivity for THC is 0.065
mg./m2 (0.1 p.p.m.) carbon (as CH,) and
for methane the sensitivity is 0.033 mg./m.3
(0.05 p.p.m.). For the lower, special analysis
ranges the gensitivity is 0.016.mg./m=2 (0.025
p.pam.) for each gas,

3. Interferences.

3.1 No interference in the methane meas-
urement has been observed. The THC meas-
urement typleally includes all or a portion
of what is generally classified as the alr
peak Interference. This effect is minimized
by proper plumbing arrangements or is ne-
gated electronically. :

4. Precision, Accuracy, and Stability.

4.1 Preclsion determined with calibra-
tlon gases Is +0.5 percent of full scale in
the higher, atmospheric analysis ranges.

4.2 Accuracy is dependent on instrument
linearity and absolute concentration of the
calibration gases. An accuracy of 1 percent of
full scale in the higher, atmospheric anal-
ysis ranges and 2 percent of full scale in
the lower, special analysis ranges can be
obtained.

4.3 Varlations In ambient room tempera-
ture can cause changes in performance char-

RULES AND REGULATIONS

tacteristics. This is due to shifts In oven
‘temperature, flow rates, and pressure with
ambient temperature change. The instru-
ment should meet performance specifications
with room temperature changes of #3° C.
Baseline drift Is automatically corrected in
the barographic mode.

b. Apparatus.

5.1 Commercially Available THC, CH,,
and CO Analyzer. Instruments should be in-
stalled on location end demonstrated,

preferably by thé manufacturer, or his rep- ,

resentative, to meet or exceed manufacturer’s
specifications and those described in this
method. i
6.2 Sample Introduction System. Pump,
- flow control valves, automatic switching
valves, and flowmeter,

53 Filter (In-line). A binder-free, glacs-
fiber filter with a porosity of 3 to 6 microns
should be Immediately dovnstream from theo
sample pump.

b4 Stripper or Precolumn. Located out-
side of the oven at ambient temperature.
The column should be repacked or replaced
after the equivalent of 2 months of continu-
ous operation.

5.5 Oven. For containing the analytical
column and cafalytic converter. The oven
should be capable of maintaining an elevated
temperature constant within +0.5° C. The
specific temperature varies with instrument
manufacturer.

6. Reagents.

6.1 Combustion Gas. Alr containing less
than 1.3 mg./m# (2 p.p.m.) hydrocarbofi as
methane.

6.2 Fuel. Hydrogen or & mizture of hydro-
gen and inert gas containing less than 0.065
mg./m2 (0.1 pp.am.) hydrocarbons as
methane. - :

6.3 Carrier Gas. Hellum, nitrogen, air or
hydrogen containing less than 0.065 mg./m.2
(0.1 p.p.m.) hydrocarbons as methane,

64 Zero Gas. Air containing less than
0.085 mg./m.2 (0.1 p.p.m.) total hydrocarbons
as methane,

8.5 Cualibration Gases. Gases needed for
linearity checks (peak helghts) are deter-
mined by the ranges used. Calibration gases
corresponding to 10, 20, 40, and 80 percent
of full scale are needed. Gases must be pro-
vided with certification or guaranteed anal-
ysis. Methane is used for both the total
hydrocarbon measurement and methane
measurement,

6.6 Span Gas. The calibration gas corre-
sponding to 80 percent of full scale is used
to span the instrument, - -

- . Procedure. ,

7.1 Calibrate the instrument as described
in 8.1. Introduce sample into the system
under the same conditions og pressure and
flow rates as are used in calibration. (The
pump is bypassed only when pressurized cyl-
inder gases are used.) Figure El shows o
typical flow diagram; for specific operating
instructions refer to manufacturer’s manual.

8. Calibration.

~8.1 Calibration Curve. Determine the
linearity of the system for THC and methane
in the barographic mode by introducing zero
gas and adjusting the respective zeroing con-
trols to indicate a recorder reading of zero.
Introduce the span ges and adjust the span
control to indicate the proper value on the
recorder scale. Recheck zero and span until
adjustments are no longer necessary. Intro-
duce intermediate calibration gases and plot
the values obtained. If a smooth curve is not
obtalned, calibration gases may need replace~
ment.’

9. Calculation.

9.1 Detéermine concentrations of total
hydrocarbons (as CH,) and CH,, directly from
the calibration curves. No calculations are
necessary.

-

0.2 Determino concontratfon of hydroe
carbons corrected for mothane by subtracting
the mbthane concentration from tho total
hydrocarbon concentration,

8.3 Conversion botween p.pm. and mp./

3 values for total hydrocarbons (as OH,)
mothane ond hydrocarbons corrected for
methane are made os follows:
ppm. carbon (a3 CH,={mg. ocarbon (o3

CH,) /m.2] £1.63
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samples collected from a standard test at-
mosphere. Precision would probably be dif-
ferent when the analysis is performed
manually.

42 No accuracy data are available.

43 Samples are stable for at least 6 weeks.

5. Apparatus.

5.1 Sampling. See Figure F1.

5.1.1 Absorber. Polypropylene tubes 164 x
32 mm., equipped with polypropylene two-
port closures.* Rubber stoppers cause high
and varying blank values and should not be
used. A gas dispersion tube with a fritted
end of porosity B (70-100 pm. maximum pore
diameter) is used.

5.1.1.1 Measurement of BMMazimum Pore
Diameter of Frit. Carefully clean the frit with
dichromate-concentrated sulfuric acid clean-
ing solution and rinse well with distilled
water. Insert through one hole of a two-hole
rubber stopper and install in a test tube con=-
taining sufficient distilled water to cover the
fritted portion. Attach a vacuum source to
the other hole of the rubber stopper and
measure the vacuum required to draw the
first perceptible stream of air bubbles through
the frit. Apply the following equation:

maximum pore diameter, ;zm..—_-i;—s
s=Surface tension of water in dynes/cm.
at the test temperature (73 at 18° C.,
72 at 25° C., and 71 at 31° C.).
P=Measured vacuum, mm. Hg.

5.12 Probe. Teflon, polypropylene, or
glass tube with a polypropylene or glass fun-
nel at the end and a membrane filter to pro-
tect the Irit. Replace filter after collecting
five samples, or more often as indicated by
visual observation of the loading,

5.1.3 Flow Control Device. Calibrated 27-
gauge hypodermic needle, three-eighths of
an inch long to maintain a flow of approxi-
mately 0.2 liter/minute. The needle should be
protected by a membrane filter. Change filter
after collecting 10 samples.

5.1.4 Air-Pump. Capable of maintaining
a flow of 0.2 liter/minute.through the ab-
sorber, and a vacuum of 0.7 atmosphere.

5.15 Calibration Equipment. Glass flow-
meter for measuring airflows up to approxi-
mately 275 ml/min. within +2 percent,
stopwatch, and precision wet test meter (1
liter/revolution). ~

52 Analysis.

52.1 Volumetric Flasks. 50, 100, 200, 250,
500, 1,000 ml. -

522 Graduated Cylinder. 1,000 ml.

5.2.3 Pipets. 1,2, 5, 10, 15 ml. volumetric;
2 ml,, graduated in 1/10 ml. intervals,

524 Test Tube.

525 Spectrophotometer of Colorimeter.
Capable of measuring absorbance at 540 nm.
Bandwidth is not critical.

6. Reagents.

6.1 Samplng.

6.1.1 Absorbing Reagent. Dissolve 4.0 g.
sodium hydroxide in distilled water and
dilute to 1,000 ml.

62 Analysis.

62.1 Sulfanilamide. Dissolve 20 g. sul-
fanilamide in 700 ml. distilled water. Add,
with mixing, 50 ml. concentrated phosphoric
acld (85 percent) and dilute to 1,000 ml. This
solution is stable for a month if refrigerated.

6.2.2 NEDA Solution. Dissolve 0.5 g. N-1-
naphthylethylenediamine dihydrochloride in
distilled water. This solution is stable for a
month if refrigerated and protected from
light.

6.2.3 Hydrogen Peroride. Dilute 0.2 ml
30 percent hydrogen peroxide to 250 ml. with
distilled water. This solution may be used for
a month if protected from light. _

624 Standard Nitrite Solution. Dissolve
sufficient desiccated sodium nitrite (NaNOs,

*Available from Bel-Art Products, Pequan=
nock, N.J.
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assay of 97 percent or greater) and dilute
with distilled water to 1,000 ml. 50 that a
solution containing 1,000 zg. NO;/ml. I3 ¢h-
tained. The amount of Nal0O:z to uss is cal-
culated as follows:
G___.l.iDO 100
G=Amount of NaNO,, 3.
1.500:=Gravimetric factor in converting
NO, into NaNO,.
A=Assay, percent.

7. Proccdure.

7.1 Sampling. Assemble the sampling
train as shown in Figure Fl. Add §0 ml,
absorbing reagent to the absorber. Dicconnect
funnel, insert calibrated flowmeter, and
measure flow before sampling, If flow rate
before sampling is less than 85 percent of
needle calibration, check for lcak or change
filters as necessary. Remove flowmeter and
replace funnel. Sample for 24 hours from
midnight to midnight and measurg flow at
end of sampling period.

72 Analysis. Replace any water lost by
evaporation durlng sampling. Pipet 10 ml.
of the collected sample into a test tube. Add
1.0 ml. hydrogen peroxide colution, 10.0 ml,
sulfanilamide solution, and 14 ml. NEDA
solution with thorough mixing after the
addition of each reagent. Prepare a blank in
the same manner using 10 ml. absorbing
reagent. After a 10-minute coler-development
interval, measure the absorbance a% 540 mm.
agalnst the blank, Read gg. NOz/ml. from
standard curve (Section 8.2).

8. Calibration and Efficiencles.

8.1 Sampling.

8.1.1 Calivration of Flowmeter, Uslng a
wet test meter and a stopwatch, determine
the rates of alr fow (ml./min.) through the
flowmeter at several ball pesitions. Plot ball
posltions versus flow rates.

8.1.2 Calibration of Hypodermic Needle.
Connect the callbrated flowmeter, the needle
to be calibrated, and the source of vacuum
in such a way that the direction of alrflow
through the needle is the came as in the
sampling train, Read the position of the
ball and determine flow rate In ml/min,
from the calibration chart prepared in 8.1.1.
Reject all needles not having flow rates of
190 to 210 ml./min. befcre sampling.
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8.2 Calibration Curce. Dilute 50 ml of
the.1,000 rg. NOz/ml. solution to 200 mt.
with abcorblng reagant. This solution cone
tains 23 48, NOj/ml. Pipet 1, 2, 5, and 15 ml.
of the 25 £z, NOz/ml. solution into 50-, 50-,
109, and 259-ml. volumetric flasks and dilute
to the mark with absorbing reagent. The
solutions contain 0.59, 1.00, 125, and 150
£3. NO;/ml., recpectively. Run stondards as
instructed in 7.3, Plot absorbance vs. £g.
O;/ml

83 Eficiencies. An overall average effi-
clency of 35 per cent was obtalned from test -
atmeospheres baving nitrogen dloxide con-
centrations of 140 Lp./m2 and 230 ¢£3./m= by
automated analycis.(2)

9. Calculation.

9.1 Sampling.

0.1.1 Calculate volume of alr campled.

v=EF o r 10
2
V=Volume of air campled, m.3
F,=2eacured flow rata before sampling,
ml./min,
Fy=Measured flow rate after sampling,
ml./min,
T=Time ¢f campling, min.
10=Convercdion cf ml. to m3

9.2 Calculate the concentration of nitro-

gen dloxide a3 £8. KO,/m3

(55.HO;/mL.) 50
V0485
(zz.NOz/ml) <143
v

£8. KO, 'm,

50=Volume of abcorbing reagent usaed in
gampling, ml.
V=Volums of adr sampled, m3
0.33=Efliclency. .
0.2.1 If destred, concentration of nitrogen
dioxlde may be caleulated 25 p.pm. NO..
ppm.=(:5.M0,/m3) {532X10-¢
10, REefercnecs. A
(1) Jacobs, 28, B., and Hochhelzer, S., “Con-
tinuous Sampling and TUltramicro-
determination of Nitrogen Dloxide in
Alr™, Anal. Chem,, 30 426 (1938).
(2) Purdue, L. J., Dudley, J. E.. Clements,
J. B., and Thompson, B. J., “Studies in
Air Sampling for Nitrogen Diodde,”
I. A relnvestigation of the Jacobs-
Hochhelzer Reagent. In Preparation.
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