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ABSTRACT

A study was conducted to evaluate measurement methods for sulifuric acid,
strong acids in particulate matter, and nitric acid in ambient air.

Selective extraction of H,30, with benzaldehyde and titrimetry for strong
acids were evaluated and combared using laboratory-generated mixtures of
< 0.3 um diameter H,SCy, (MWH,),S80,, and WHLHSO, aerosols on clean and
atmospheric particulate-loaded tilters. Filter media were selected based
on filtration efficiency and acid recoverv with < 0.3 um H,;50, aerosols.
Nitriec acid collection ty filter methods {(NaCl- 1mpregnabed cellulose and
nylon filters) were compared at varying HN03 concentrations, relative
humnidity ievels and fiow rates. Ouantitation of nitric acid, as nitrate,
employed an automated copper-cadmium reduction plus diazotization pro-
cedure. An ammonia denuder was employed in field sampling together with
removal of non-respirable particles to increase the stability of H,G80,
following collection.

The presence of atmcspheric particulate matter was shown to sharply reduce
recoveries of laboratory-generated H,30; but recoveries of total strong
acid usually remained 2_60%. Anhydrous benzaldehyde was found to extract
NH,HSO, to a substantial degres. Laboratory-generated nitric acid was
collected with high efficiency by both nylon and NaCl-impregnated filters
while nitrogen dioxide was not retained by these filters at 90% R.E. The
ammonia denuder was shown to remove ammonia with > 99% efficiency.

Samples collected in Pittsburg, CA showed good correlation between sulfuric
acid and particulate strong acid measurements. As much as 0.6 ug/m Ho 80,
=1

~

agreement was Tfound between nitric acid measurement by ny
ellulose filter ccllection with concentrations up to 4 ug/m3. Simul-
tansous gas phase amizonia measurements were made to assist in interpreting
the particulate sample results. Glass fiber filters were shown to collect,
guantitatively, both particulate nitrate and gas phase nitrie acid. This is
consistent with earlier studies of artifact particulate nitrate formaticn.

and 1.6 ng/m> acidi t,, expressed as 4,50y, , was found. However, based on
recovery studies we believe these revresent lower limit values. Excellent
rL




EXECUTIVE SUMMARY

A combined lahoratory ard field stndy has investigated methods for the
determination of suifuric acid and strong acids in atmospheric particulates
as well as nitric acid, a gas at ambient concentrations. The procedures
for particulate acids employed sampling with inert filters, prccessing of
samples under conditions designed to preserve strong acids followed by
analytical techniques approvriate fcr suifuric acid {H,S04) and strong
acids. To stabilize strong acids on filters, > 3 um particles, which

can contain alkaline soil components, were excluded. In addition, with
one sampler, atmospheric ammonia was removed ahead of the filter by means
of a diffusion denuder. H;80, was determined by selective extraction with
benzaldehyde followed by guantitaticn as suiifate by the AIHL microsulfate
method. Strong acid was measured by microtitration with exclusion of
carbon dicxide.

Nitric acid was sampled by collection on nylon, and on sodium chloride-

impregnated cellulose filters after removel of atmospheric particles with

an inert pre-fiiter. The efficiency for collection of nitric acid was

> 96% for NaCl-impregnated Whatman 41 filters. For nylon (Duralon) the

efficiency appeared to depend on the total amount of nlt“l? acid sampled.
o
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Based on filtration efficiencies and recovery studies with submicron
sulfuric acid aeroscl, acid-washed quartz fibsr and one mlcron pore size
Teflon filters were selected for use in sampling H,S0, and H'. Recoveries
of laboratory-generated H,;SO, aeroscl frem clean filters ranged from €0 to
T5%, and by titration, 80 to 100%. However, the presence of respirable
atmospheric particulate (< 3.5 um) matter reduced the reccveries of sulfuric
acid to < 307. Recoveries of strong acid remained about 6C7 which is con-
sistent with the formation of ammonium acid sulfate (NH,HSO,). In the
absence of atmospheric particulate matter the efficiency for extracticn of
this acid sulfate by benzaldehyde was 45 + 3%, which is higher than that
reported by other investigators. In the presence of atmospheric particulate
matter, NI, HSO, was not extracted by benzaidehyde, however.

In three days of continuous sampling conducted at Pittsburg, CA, total
strong acid and sulfuric acid maxima correlated well. Agreement between
nitric acid methods was excellent. Ammonia and particle phase ammonium
showed strong correlation zonsistent with the important role of ammonia

8s an aerosol precursor or reactant with acidic aerosols. Samples showed
up to 0.6 ug/m3 Hy80, and 1.6 ug/m3 strong acid expressed as HyS04. Based
on laboratory studies, these represent lower limit values. These results
may be compared to the current sulfate standard of 25 uv/m3 total water

soluble sulfate (24 hour average).

A glass fiber filter, Gelman A, was shown to provide a measure of total
nitrate {(i.e. gaseous nitric acid plus particulate nitrate) rather than

of particulate nitrate alone. This work confirms our prior studies demon-
strating that gaseous nitric acid and not nitrogen dioxide (present at
gbout 40 ug/m® during most of the field sampling) is the dominant contri-
butor to artifact particulate nitrate.
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Prinecipal cconclusions from the current study are as follows:

1. Measurement of sulfuric acid and total acidity can be made by benzal-
dehyde extracticon and titratien with laboratory-generated H,;30, aercsol
on clean filters with a recovery of » 40% of the true value. However,

h

the presence of respirable atmospheric particulate matter decreased
recoveries of H,50, to below 30%. Strong acid recoveries usually
remained above 6C%. Turthermore, the elimination of large, scil-
related particles by use of a cyclone, alone, or in combination with
ammonia removal is »robably insufficient to rermit measurement of
Hy80, at least for samples collected from > 10 m® of air. Emphasis
mist be given to shorter term or lower flow rate sampling to decrease
acid interaction with other aerosol constituents.

2. Additional work is needed to clarify the interference effects of
ammonium acid sulfate in HyEC, and strong acid measurements.

3. Gasecus nitric acid can be measured by collection with either nylon or
sodium chloride impregnated cellulose filters at ambient concentrations,
with excellent agreement between methods. A 15% uncertainty in HNO4
value remains, resulting from variability in the extent of nitric acid
retained by adsorption on particulate-loaded pre-filters. This
uncertainty should be eliminated by AIHL studies extending the present
work.

4, Artifact nitrate formation on glass fiter filters in field sampling
corresponded to the collection of 100% of the ambient nitric acid.

Thus it is likely that nitrate values obtained by the presznt ARB Hi-vol
nitric acid rather

D.a

network raﬁrn\cn* +the gum of hn“r-?"x cutate nitrate ar

than partlculate nitrate, alone.

5. Further studies are needed omplcying continuous methods for H,S50, in an
effort to overcoms the large negative interference by other aserosol
constituents. Since positive errors ars more vrobable with continucus
methods (e.g. volatilization of sulfate salts as well as H.804 ),
simultaneous application of continuous and the integrated techniques
described herein should provide both lower and upper limits to the
true H,S80, level.

iv
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INTRODUCTION

A

Sulfuric Acid and Particle Phase Acidity

California's significant harm level for airborne sulfate of 25 ug/m3
is based upon water-soluble sulfate in 2bh-hour high volume filter
samples, OSuch sulfate may include ammonium sulfate, ammonium acid
sulfate, sulfuric acid as well as various metal and mixed metal
ammonium salts. Some of these are relatively harmless (e.g.,
calcium sulfate), while others appear relatively hazardous (e.g.,
sulfuric acid). In vpart, the rationale for setting the California
standard is based on the presumption that a significant route for
formaticn of the currently measured water-soluble sulfate involves
sulfuric acid; but the actual levels in the atmosphere are unknown.
In part, because of the lack of specific data on ambient particulate
sulfuric acid levels, the standard has met significant opposition.
As yet, no technique has received zeneral acceptance for determining
sulfuri: acld or any other individual sulfate compound in ambient

air.

Existing techniques for determining sulfuric acid in ambient air

may be divided into continucus and integrated metheods. The continuous
methods rely on such physical properties as changes in light scattering
induced by the addition of ammonia (the humidified nephelometer
technique)l’3 to provide both gqualitative and guantitative data on

acid sulfates (i.e. sulfuric acid and/or ammonium acid sulfate).

While acid sulfates were measured in St. Louis, ncone were detectable

in Los Angeles by this technique.3

The greater volatility of szulfuric acid, relatlve te its emmonium
salts, has been utilized in both ccntinuouse-* and integrated methods.®
One approximately continucus method employs an acid gas diffusion
denuder to remove 30; and H,304 when in gas phase.2 2y cycling the
temperature of the ambient air pumped through the instrument up to

about 150°C, HpS0, aercscl is vaporized allowing it to be trapped

by the denuder. The decrease in sulfur reaching the flsme photo-
retric detector, relative to the level at room temperature, orovides

a measure of sulfuric acid. However, since HySC, is measured by
difference and since the lewvel of S0, plus sulfate salts will generally
by much greater than that of E,80,, precision can be expected to be
poor.

Integrated sampling techniques usually involve collection of H.S04

on a filter or in a liguid medium. EPA's Method 8 relies on an
isopropancl-water solution as a trapping medium. > However, it is
subject to substantial positive error from S0;. Collecticn and
analysis of sulfuric acid in filter samples has been studied exten-
sively. The reader is referrsd to a recent review by Newman. ' The
problems inherent in determining arbient air concentrations of sul-
furic acid from such samples result from both sampling and analytical
errors, including:

1. Penetration through the filter.

2. Fixation and oxidation of S0, tc sulfate by interaction with ths
filter and adsorbed water.



3. Irreversible resction of sulfuric acid and acid sulfates with
the filter.

4., Oxidation of SO, to HpS0, promoted by constituents of the collected
gtmospheric particulate matter which may be catalytically active

(e.g., manganese, iron and vanadium compounds).

5. DNeutralization of sulfuric acid and acid sulfates by basic particles

(e.g., CaCO3} or gaseous pollutants {e. F- NH3), reaction with
NaCl (and loss of HC1l) or reaction with nitrate salts {and loss

of HNO3).
6. Interference due to other sulfates [e.g., (NH,},S0,, NH HSO,].

T. Interferences in the guantitaticn method used due to other ionic
species extracted from the filter medium or particulate matter
{e.g., Cat? and PO,™ can be interferents in wet chemical methods).

Attempts to overcome some of these problems include reaction of sulfurice
acid on the filter or within the sampler inlet to form a derﬂva+1vc
which can still be distinguished from (NHy)pSO0, and TH,HSOy.22s 43 e
Atlantic Resesarch Institute's approach employed acetaldehyde oxime

to form a salt with HZSOQ.42 Initial studies suggested this derivative
was decomposed to a volatile, sulfur-containing species at a tempera-
ture well below the decomposition temperature for the ammonium zaolts.

If true, the volatile suifur species could be measured with a flame
rhotometric detector to provide an indirect measure of H»804. However,
recent work has demonstrated that the temperature for volatili-
of these materials is particle size-dependent, limiting the po
for specificity.®** This approach appears tc have bteen abandoned

t

Because of the raticnale stated above for imposing the California
sulfate standard, 2 need exists for a validated technique to mounitor
sulfuric acid. The present study was conducted in an effort to satisfy
+hies nesd

In addition to techniques specific for H,S0,, evaluation cof techniques
for total particulate strong acidity was included since this is con-
ceptually simpler and possibly of equivalent medical significance.

Nitric Acid

"mder ambient conditions nitric acid is believed to exist principally
in gas phase. The neasurement of nitric acid in ambient air has been
reported by Spicer, sampling at West Covina, California® and else-
where, and by Okita, sampling in Tokyo9. For the Californis site,

e mean maximum for the acid of about 25 ug/m3 was observed. Both

the California and Japanese cstudies measured aitric acid in the gas
phase. However, nitric acid may also exist in particle phase
adsorbed on other aeroscl constituents where it may contribute to the
observed acidity of the aeroscl {as well as to the observed nitrate).
Such adsorption may occur both before and after collection of the
aerosol on a filter.
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In addition to . -ible adsorption on particles, nitric acid has been
demonstrated to ..orb readily on various filter media. If ambient
nitric acid adsorcs on filter media, it should contribute to the
observed particulate nitrate as well as to particulate acidity.

Appel et all0,11 demonstrated that the pattern of artifact particulate
nitrate formation in ambient air was consistent with nitric acid
adsorption as the dominant precursor.

In addition to providing data on a potentially hazardous pollutant, a
reliable technigque for monitoring gaseocus nitric acid in ambient air
can be used (1) to assist in evaluating the extent of artifact
particulate nitrate formation under conditions used for routine
monitoring, and (2} to evaluate the contribution to the total parti-
culate acidity of nitric acid adsorted on filter media and aerosol
constituents.

The nitric acid methods in current use and their correspending
investigators are listed in Table 1. The methods can be divided
into continuous and integrated techniques. An exception is the
Fourier Transform IR technique which was coperated tc provide analysis
of grab samples at 20 minute intervals. The immobility, high cost,
and sophistication of this procedure limit its general use.

The two ccontinuous methods utilize an inert pre-filter to remove
particle-phase nitrates and either a modified Mast coulometric ozone
analyzer or a modified chemiluminescence NO-NO; monitor. The Mast
analyzer is converted to measure total gas phase acids by changing
the chemicals employed and the instrument plumbing. By periodically
diverting the sample air flow through a nylon filter to selectively
remove HNOj3, the nitric acid concentration is obtained by difference.
This approach suffers from relatively high instrument noise levels.
Only Spicer and co-workers have been able to achiewve the limit of
detection guoted, £-~5 pnb. OSpicer's evaluation of potential inter-
ference effects with this method is given in Table 2.

Only formic acid provides interference (< 10%) at realistic concen-
trations. However, the meximum formic acid level found in Los Argeles
was 6 ppb implying < 0.6 ppb interference. Spicer considers the
electro-chemical method to be decidedly inferior to the chemilumi-
nescent analyzer apprcach in both limit of detection and response
time.

The modified chemiluminescent N0y monitor also uses a nylon filter
to selectively remove HIC3 from one instrument channel. A% 300-325°C
NOy, HNO3 and PAN are completely converted to NO on a molybdenum
catalyst. No conversion of ammonia was found at these temperatures.
Since PAN is nct retained on the nylon filter to a significant
interference results. By means of a chopper, two channels provide
continuous measurement of HOy + HNO3 and NOy alone.

Considering the integrated sampling methods, after pre-~filtration

of particle phase nitrates on inert filters, gquantitative collection
of nitric acid on nylon filters at levels down tc 0.5 ppt has been
reported. Although Millipore no longer supplies Duralon (nylon)
filters, Chia Corp. produces nylon filters which have been found
equally suitable.l>
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Method
Fourier Transform IR

Okita

Chemiluminescence

Nylon Filter {Spicer)

Nylon Filter-GLC

Modified Mast
Electrochemical
(Spicer)

Table 1

Summary of Nitric Acid Method in Current Use

Method Description

Kilometer pathlength infrared cell.

Units at Claremont and Riverside, CA.

HNOj3 collected on NaCl impregnated
filters following an inert pre-

filter yielding integrated sample.
Nitrate measured by wet chemistry.

A dual channel NO, monitor (e.g.
Teco 1LD) with a nylon filter in
one channel yields (HNO3) by
difference. Provides continuocus
measurement.

HNOj3 collected on nylon filter
following an inert pre-filter
yielding integrated sample.
Nitrate measured by wet chemistry.

HNO3 collected on nylon fiber
following inert pre~filter yielding
integrated sample. Nitrate con-
verted to nitrobenzene which is
measured by GLC-EC.

From total gas phase acid less

HNO3 removed by nylon, HNOj
measured by difference. Use inert
pre-filter. Continuous measurement.

Reported
Limit of
Detection, ppb

Principal Investigstor

ca. 0.3

< 0.5

J. N. Pitts, Jr
T. Okita

L. Newman

C. Spicer
D. Stedman

A. Lazrus

C. Spicer

R. E. Sievers

C. Spicer

Ref'.
12, 13, 20
9

13, 14

13, 15, 25
13, 16

13, 17

15

13, 18

13, 15, 19



Evaluation of Interferences to Couwlometric Nitric Acid Monitoring

Specie Comment
Ozone Ko interference up to 0.8 ppm
Nitrogen Dioxide No interference up to 1 ppm
Sulfur Dioxide No interference up to 1.1 ppm
Sulfuric Acid No interference up to 100 ug/m3
Hydrochloric Acid No interference up to 0.4 ppm
Formaldehyde No interference up to 0.5 ppm
Peroxyacetyl Kitrate No interference up to 0.2 ppm
Formic Acid Variable interference between 0-10%

of formic acid concentration.

Nitrous Acid No inference up to 0.4 ppm



Nylon filters, nylon or cotton fiber packed in Teflon tubes have all
been used for HNO; removal. In each case quantitative HNO; retention
is claimed withcut interference from NO and NO,. Using 106 mg nylon
fiver packing, samplirg rates up to 10 lpm could be used. However,
the efficiency of nitric acid extraction from nylon was reported to
depend on the extraction medium.16,17 Extraction in distilled water
caused low recoveries at low HNO; concentrations. Using O0.1N NaOH,
1% aqueous NaOH or "acid sclutions" for extraction, gquantitative
recoveries were claimed.

Nitric acid has also been collected on filters loaded with NaCl
employing pre-filtration with inert filters.9»! Fixation of HNOjy
is believed to proceed via the reaction:

HNO3 (gas) + NaCl -+ HCl (gas) + NaNOj

Following collection, nitrate can be determined wet chemically.
Okitad emploved a lo-vol system with a 1 um pore size Fluororore
pre~filter followed by a single 50 mm diameter inpregnated cellulose
filter. A mean collection efficiency of 06.6% for a single filter
was determined at 20 lpm. NC, showed increasing interference with
increasing R.H. For example, 1.5 ppm NO, at 93% R.H. yielded about
5% positive interference.

Newman used a hi-vol configuration with 5" diameter (127 mm) filters
in vhich acid-washed Pallflex 2500 QA0 quartz fiber was used for the
pre-filter. Two S and S 2W cellulose filters impregnated with [faCl
were routinely run in series to cellect HNO3. At high R.H. {e.g.

> 90%)collection of HVO, on the pre-filter became significant. Under
these conditions, the HNC,; was desorbed and collected on the impreg-
nated filters by sampling warm air provided by a heat gun for 10
minutes after the collection period.

Chemistry of HNO. as Helated to HNO; and Nitrate Sampling

Rapid advances in understanding the chemistry of atmospheric nitric
acid and nitrates are currently being made. We summarize here those
elements relevant to our current program as well as to ARB's nitrate
sampling efforts.

It has been proposed that the observed concentration of nitric acid
and particulate nitrate in the atmosphers are interrelated by the
equilibrium:

-+
NH,NO3(s) « HNO3(g) + NH;{g)
K = (HNO3)(NH,)
Two estimates of this equilibrium constant have been made:

Using Fourier Transform infra-red spectroscopy to measure 62 pairs
of HNO; and IH; values under varying atmospheric conditions, a mean
value for K of 162 (ppb)? was reported.t2 Seinfeld®l has made
similar calculations of apparent equilibrium constants from simul-
taneous HHO3 and NH; data cbtained from Spicer. His observed values
range from ca. T tc ca. 200 {ppb)2 with most values arcund 30 (ppk)Z2.
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The observed K appears to vary with temperature and relative humidity.
The temperature dependence paralleled that for the equilibriun
constant obtained from latoratory measurements of the vapor pressure
of NH3N03 at temperatures > 75°C, TFor dry WH,NO3 at 25°C, a K = 351
{ppb)* can be calculated by extravclation from these lab data. At
high relative humidity values, the apparent atmospheric egquilibrium
constant, as defined above, was increased by up to a factor of ca. 6
relative to values at < 60% R.H.

If such an atmospheric eguilibrium exists then a fraction of total
nitrate (i.e. nitric acid plus NH,NO; + MNO3 where M is a metal)
collected on a filter could be lost by volatilization into air with
lower ammonia concentration passing through the f£filter. Indeed,

R. K. Stevens has confirmed loss of NH,NO3 from filters into a
stream of ammonia-free air.2¢ Evaporative loss of nitrate from a
pre-filter used in connection with ni%ric acid sampling should jead
to an equivalent enhancement in levels of HNOj3. ’

A second source of error inveolving particulate nitrate and HNOj3 is
by reaction of particulate nitrate with acids. For example:

NH4,NO3 + NH4HSO, + (NH, )»SOy, + HNO3(gas)

Again, particulate nitrate is lost from a pre-filter and a positive
error in Hl0j measurement would result. This mechanism was first
demonstrated in smog chamber studies23 but has since been inferred
from atmospheric data under situations in which atmospheric sulfuric
acid levels exceeded ammonium nitrate concentrations.2% lLoss of
nitrate was demonstrated by additicn of a tenfold excess or ca. 0.2
um particle size Hp30, aeroscl tc a filter containing 0.2 um particle
size ammonium nitrate.22

It should be noted that neithzr evaporative loss nor less by acid
reaction would be expected on alkaline filters (e.g. glass fibver
hi-vol filters) since any HNO; formed should be immediately trapped
by the filter. However, such negative errors could be noticezble
with inert filters such as Fluoropore. Thus the ratio of atmospheric
rarticulate nitrate observed on reactive ve. inert (e.g. Tefion)
filters may reflect, in part, nitrate values on the inert filters
which are too low.

The AIEL study of artifact nitrate formationlo ooserved a mean ratic

of 2.2 for NC3~ on MSA 1106BH relative to that of Fluoropore for
2h-hour samples. It is unlikely that this ratic was grossly influenced
by reaction with acids since similar results were observed at San Jose
and Los Alamitos, sites which should differ markedly in H;SCu levels,
if present. However, this ratic may contain some error because of
evaporative loss from Fluorcpore filters. The influence of evaporative
loss may be visible in comparing observed 2L-hour nitrate values from
those calculated from four successive six hour samples. The ratio
ealeulated/observed was about 1.3 for Fluoropore and close to 1.0

for filters considered more likely to form artifact nitrate. Loss

of nitrate during 24-nour sampling with Fluoropore due to either
evaporaticn or (less likely) acid reaction could have caused this
result.
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IT.

TECHNICAL SUMMARY AND CCONCLUEZICHNS

A combined laboratory and field study has investigated methods for the
determination cf sulfuric acid and nitric acids as well as strcng acids
in atmospheric particuiates. The sulfuric acid method, developed at
the Brookhaven National Laboraiory {BNL) employs benzaldehyde for
selective extraction of sulfuric scid. This procedure was adapted for
use with low volume samples by using the ATHL miercchemical sulfate
procedure for guantitation of sulfate following its separation from the
benzaldehyde. Residual benzaldehyde and its oxidation products were
shown not to interfere with the sulfate analyses. Nitric acid sampling
was done with nylon filters and scdium chloride-impregnated cellulose
filters following removal of particulate nitrate with a Teflon filter
(1 ym pore size Zefluor, Ghia Corp.). Follcwing extraction, nitric
acid was measured as nitrate by the automated, copper-cadmium reduction,
diazotization method.

A micro-titrimetric procedure developed by C. Brosset was used to assess
strong acids. The output signal was processed with an anti-log amplifier
to permit automatic generation of Cran's titration plots. Subsequent
sufficient tc produce pH = 4.0 in distilled waster and then titrating
each sample back tc this pH, interference rrom weak aclds was largely
eliminated without reliance on extrapolations from Gran's plots. In

the mixtures H,SO,-hexanedioic acid (p¥Xa = L.L) and H,50,-benzoic acid
{(pKa = 4.0) the crgzanic acid interference was 0 and 18%, respectively,
while permitting 967 determination of the H,004. Under the same
conditions, aluminum and ammonium sulfates showed no interference while
ferric sulfate behaved as & dibasic strong acid in aguecus scluticn.
Accordingly, determination of water-soluble ircn in atmospheric sampies
was considered necessary to exclude this source of potential inter-
ference.

An analytical procedure for strong acid developed by P. West utilizing
indicators was briefly evaluated and rejected because of insufficient
selectivity and sensitivity.

Eight quartz and Teflon filter types were evaluated for use in sulfuric
acid sampling by determining efflciencies for collecting < 0.3 um H,S0,
aerosol and by recovery studies. One um Fluorcpore, 1 um Teflo (Ghia
Corp. Teflon), Gelman microquartz and acid-washed Pallflex 2500 QA0
quartz exhibited > 98% collecticn efficiencies; 3 um Flucropore, 3 um
Teflo and Zefluor (Ghia Corp. Teflon), 5 um Mitex and 0.5 um unbacked
Fluoropore exhibited lower values. 3Based on their freedom from artifact
sulfate formation, high filtration efficiency, and ezse in handling,

1 um pore size Zefluor Teflon filters (Ghia Corp.) and acid-washed
Pallflex 2500 QAC quartz filters were chosen for low and high volume
particulate acid sampling, respectively.

The recovery of ca. 10 pg sulfuric acid aerosol by benzaldehyde extraction
from clean quartz filters averaged 607 comrared to 75% recovery reported
by BNL fer similar conditions. With Teflen filters, recoveries were about
70%. Storage of sulfuric a2cid aerosol on these clean Tilters in air-tight
containers was sufficient to prevent its neutralization. However, the



Wate matter caused relatively rapid
4y, with recoveries by benzaldehyde

presence of atmospheric parti
(if not immediate) lossz
extraction of < 30%. R reri of total particulale acidliy remained
relatively high, 60-707, suggesting that reaction of H,S0, with
(NHy )80, was oceurring forming the strong acid, NH,HSQ, {ammonium acid
sulfate).

rference effe e absence
of atmospheric parti was also ¢
However, 1t appeared that substantial amounts of the acid sul‘ate were
extracted into anhydrous benzaldehyde. Using clean filters loaded with
NH,HSO, aerosol, alcne, and in the presence of H,30,, benzaldehyde was
determined to extract, on averase, 53% of this salt. It has been
suggested that the water content of the cample and benzaldehyde determine
the extent of NHLESD, extraction. We believe the extraction of the undried
acid salt into anhydrous benzaldehyde in the present work reflects the
influence of its small particle size increasing the rate of solution.
Prior studies were conducted with filter samples bprepared by svotting
with agquecus solutions. In the presence of atmospheric particulate
matter, a positive interference by IHyHS0, in the benzaldehyde extraction
method was not observed,; evidently both Hs50, and the HSO0,T react with
aerosol constituents. The median recovery of total strong acid was 36%
by titration. It remains unclear why recovery of strong acid, follewing
atmospheric particulate-H,580, interaction, was substantially higher if
the acid sulfate was the dominant strong acid being measured.

Direct evaluation cof int in t
ticuls ati
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For low volume filter sampling , an ammcnia denuder was fabr
shown to remove > 99% NH3 at the 100 ppb level. It was
minimize neutralization of acid sulfatez after tbe. co
NH; ahead of the fiiter. However, use of an armonia denuder with a
nearly neutral pH glass fiber pre-filter was found ineffective in pre-
serving H,50, aeroczol on a Teflon filiter when exposed to ambient air.
We speculete that disscciation of HHyNO3 on the pre-filter may provide
the NH; needed to neutralize the acid on the downstream filter. Since
a pre-filter is not used in atmospheric sampiing for H,30,, this
experiment may ncot be totally relevant.

The efficiency for collection of nitric acid was > 96% for NaCl-
impregnated Whatman 41 filters. For nylon (Duralon) the efficiency
appeared to depend cn the total amourt of nitric acid samplied. However,
at atmospheric lewels its efficiency was eguivalent to that for NaCl-
impregnated filters. Duralon (¥illipore Corp.) and Ghia Corp. nylon
filteis wers equivalent at wp to 300 Lg/m3 Hil0,. Teflon and acid-washed
quartz filters showed negligible artifact nitrate formation with LG, at
90% relative humidity. Results for artifact particulate nitrate due to
nitric acid collected on clean and particulate-loaded filters were
variable, with up to 16% HNO; retention, probably reflecting the effect
of variabvility in losses of adsorbed nitric acid in storage and handling.
In all cases Teflon filters showed the least artifact particulate nitrate
from nitric acid. Heating of the pre-filter and holder during or Just
following sampling to transfer adsorbed nitric acid to the collection
filter appeared to be desirable to maximize nitric acid recovery. Such

a procedure was used in field zamnling
a8 ure 41
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Sampling was done in_PittsEurg, CA for strong prarticulate acid, H,;80,,
HNOg, WH3, NO3~, 8047, NHy , 805, HO and N0y for a T2-hour period in
early PFebruary, 1979. 3Side-ty-side sampling was done with a resplrable
rarticulate hi-vol (acid washed guartz fiber filter), and a respirable
particulate lo-vol sampler (Teflon filter) the latter employing an
ammonia denuder. Ammonia was sampled with oxalie acid-impregnated
filters using glass fiver (pH = T7.6) pre-filters. Filter changes were
made at 2 to 8 hour intervals. The nitric acid and ammonia samplers'
pre-filters were briefly heated at ca. 50°C foilowing sampling to
maximize recoveries on the collection filters.

The highest H,80, level observed was 0.6 pg/m3 which coincided with a
meximum in total particulate acidity (1.6 ug/m? expressed as H,50,).
While acidity was measurable, no E;80, was detectable with the hi-vol
sampler. Ferric ion was shown to be a minor {< 10%) contributor to
the total strong acid. There was no obvious benefit in using the
denuder. Based on the preceding laboratory studies, these results
represent lower limits tc the true levels of H,S50, and strong acid,
which may be a factor of three higher. These initial results may be
compared to the current California significant harm level standard for
2Lh-hour average water-soluble sulfate, 25 ug/m3.

The two sampling procedures for nitric acid showed average agreenent
within 4%, with levels of nitric acid in *he range 0.7 to b u§/m3

(0.3 to 1.5 ppo). Anmonia levels ranged from zerc to 13 ug/m> (19 pob).
The diurnal varistions for NE; and particulate GHEY were strongly
correlated even though HH3z and HNOj3 levels were well below values causing
saturation with respect to NHLNOj3 formation. The cation-anion balance
in the aerosol phase indicated a substantial excess of NHy,Y consistent
with the presence cf other important anions (not determined) such as Cl™.
or with the collection of NH; by adsorpticn on the filter and/or parti-
culate. The latter would be concsistent with prior observations of the
volatility behavior of particulate bound {H3 in atmospheric samples.

Comparison of the total nitrate (i.e particulate nitrate collected on
a Teflon pre-filter plus nitric acid retained on an active filter down-
stream) with the nitrate observed on a glass fiber filter {Gelman A)
showed agreement, on average, within 3%. Thus, at least at the low
HNO3 levels encountered, these glass fiber filters collected all the
true particulate nitrate as well as the nitric acid. Ambient NO,
appeared to play no role in influencing artifact particulate nitrate,

consistent with prior studies.
A sampling study for H,SO,, HNO4, particulate acidity and true parti-

culate nitrate in the South Coast Air Basin is planned for the summer,

1979.
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Princirpal conclusions from the current shtudy are as follows:

1.

Measurement of sulfuric zcid and total acidity can te made by benzal-
dehyde extraction and titration with laborator"—~¥nerated H.8C, aerosol
on clean Filters with =z reccvery of > 0% of tne zrue value. However,
the presencs of rezpirable '"Qohhar ¢ particulate mztter decreased
relow 209, trong acid recoveries usually

> +

+

recoveries of HzaOh to w2 c

remained above 50%. Turtiermore, :he 2limination of large, scil-
related particles Ty use of a cycione, alona, or in combinaticn with
ammonia removal 1s trotablv insufficient to permit measurement of
Ho80, at least for sarrles collected from > 10 3 of air. Emphasis
mist be given to shorter tarm or lower flow rate sampling to de ase
acid interaction with cth=ar asrcsol constituents.

Additional worlk is nended to 2larify the interference effects of
ammonium acid sulfate in H,30; and strong acid measurements.

n with either nylon or

Gaseous nitric acid can bte meas: o]

z t ambient cocncentrations,
Id
i

sodium chloride impremmated
with excellent agreement t uncertainty in HNOq
value remains, resulting from varliapilily in e extent of nitric acid
retained bty adsorption on particulate-licaded pre-rilsers. This
uncertainty should bte eliminated by AIHL studies extending the present
work.

Artifact nitrate formation on glass fibver filters in field csampling
corresponded fo the collection of 1007 of the ambient nitric acid.
Thus it is likely that nitrate values obtained t; the present ARB Hi-vol
network reprecent the zum of sarviculate niirate and nitric acid rather
than particulate nitrete, zalone.
Further studies are needed emrloying continuous methods for H,50, in an
effort to overccme the larce negative interference by ouhﬂr aerosol
constituents. Since positive errors are meore probable with continucus

7

methods (e.g. volati! of sulfate salts as well as H,ySO4 ),
simultaneocus applicaticn of continuous and the integrated technigues
described herein should nrovide both lower and upper limits to the
true H,S50, level.
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III, GSULFURIC ACID MEASUREMZENT BY SELECTIVE EXTRACTION
A. Introduction

Leahy et al at Brookhaven National Laboratory (BNL) have demonstrated
the selectivity of benzaldehyde for extraction of sulfuric acid

{Teble 3); ammonium sulfate and acid sulfate are relatively insoluble.2T
The H,S0, removed is extracted from the benzaldehyde into water by
liquid-liquid extraction. Once in the water thase, the sulfate from
the H;S50, can be analyzed by any procedurs with adequate sensitivitiy.
For our work these analyses were done by the ATHL microchemicsal

method.? This is a colorimetric procedure operating in the range

1 to 1L ug/mi.

From the data given in Table 3, the recovery of the acid appeared to
depend somewhat on filter type and amount of acid. For samples

> 10 ug collected on acid treated quartz, a recovery of > 75% was

found in the absence of atmostheric particulates. Employing atmospheric
samples collected on acid treated quartz filters without vrotection
from ammonia, BNL found sulfuric acid levels of up to 0.1i6 umoles/m3
{15 ug/m3) from serial sampling in the St. Louis urban clume. Sulfuric
acid in general was only measurable when the H*/NH,% molar ratio was

> 1, Otherwise, any sulfuric acid initially present was presumatly

be converted to the acid sulfate, NH HSO,. While still titratable

as a strong acid (see Section IV) <the acid sulfate seemed to te
relatively inscluble in tencaldehyde. The conversion of the sulfurie
acid to the acid sulfate couid involve reaction with gaseous ammonia
and/or reaction with sulfete salts such as ammonium sulfate.

-

An independent evaluation of the BYL selective extraction rrecedurs
was performed by the Southern Research Institute (221130, Their
work demonstrated H,;30, recoveries of spmroximately 90% (C.V. < 3%)
from Teflon (Mitex) filters using a microtitration of suifate with
barium perchlerate to 2 thorin end point. The minimum quantity of
HpS0, that could be determined was 5 pg. Calcium sulfate, HH,HE0,
and (NHy),5C, in the absence of H,80,, were shown to be > 957
insoluble in anhydrous distilled benzaldehyde, stored under T2,
when spiked onto filters. However, in another study of the BIL
methcd using reagent grade benzaldehyde, about 25% of NH,HSC, was
solubilized.™*1

Following partial neutralization by NH; of an H,SO, aerosol on a
clean Mitex Tilter, SRTI workers found that what was thought to be
HpS0y was still extractable by benzaldehyde., For example, after
adding O.41 pequiv ¥Hj3 to 0.80 pequiv H,S04, 0.29 uequiv of NH,*
were found in the aercsol and 0.57 vequiv residual Ho 50, were deter-
mined by extraction. If it is assumed that a given aerosol particle
1s either completely neutralized to (IH,),S0, or remains as Hp5Cy
then the theoretical amount of H,30, whiech should remain is

0.80 - Oé29 = 0.06 pequiv, only 16% greater than observed. If all
acid particles were neutralized to the same decree, then in the
above example, 50% of all HpG0, particles would have been converted
to NH,HSOy and .40 ueguiv of H,S50, would remairn (about 307 below
the cobserved). Assuming that HHGHEQy remained insoluble in benzai-
dehyde, preferential neutralizaticn to (Niy},50, sf an upper layer of
acid particles is inferred,



Table 3

Benzaldehyde Extraction of H,50, and NH, HSO, from Filters®

No. of Filter %
Amount Sample Determinations Material Recovery
10 ug H, 50, 2 Quartz 75
20-40 ug H,S0, 2 Mitex 5 um T1
30 ug H,80y 1 Fluoropore 90
0.2 um
20--40 g H,S0, L Quartz 78
T0-80 g H,80, h Quartz 86
100 ug H, S0y 5 Any of the 94 + 8
above
10-T0 ug NH, H50,, 3 Fluoropore 1.2
0.2 ym

a., Data from Reference 29,



D. J. Eatough and co-workers evaluated the technigque for analysis

of Hy80, in smelter flue dust samples.3l The level of contaminant
benzoic acid in tenzaldehyde was found to be eritical in influencing
the selectivity of Ho30, extraction. In the presence of benzoic
acid, bevalent metal sulfates {e.z. Cu, Zn, Pb sulfates) were alsc
extracted.

In the current progr 1 both clean and soiled filters were loaded
uluh DLL.LLLJ..LL\_ acid alone, and in the nresence of fuj-q;zuuq and
NH,HSO, . The filters were analyzed by both benzaldehyde extraction
and the titrimetric method for stirong acid as reported in Section VII

B. Methcd Develovment

1. Effect of Benzaldehyde on the ATHL Microsulfate Method

-

Benzaldehyde is scluble in water to the extent of 0.3%. The
aqueous extract analyzed for sulfate is saturated with benzaldenyde
and also contains the oxidation product, benzoic acid. To assess
the response of the microsulfate method to these contaminants,
working curves were constructed using aqueous H»S0, standards with
and without contacting with benzaldehyde. HyS0, soluticns were
shaken with varying amounts of benzaldehyde and then centrifuged.
Both redistilled and unpurified benzaldehyde were used.

Results were compared to simultaneous sulfate analyses of HoSOy
solutions without benzaldehyde extraction {Table L). While the
linearity of response remained unaffected, both the slope and
intercept can be altered. «Wo consistent trend is evident in the
changes observed. Since in all cases a new working curve is
prepared for each set of samples using benzaldehyde-extracted
standards, such changes are likely to be insignificant. o
effect of the ratio of benzaldehyde/water was observable.

AmmarnAsmaTr +hha ATUT ms avacni T Faras wraa s Aarmad Asmrmat S
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with the benzaldehyde extraction technique.

2. Procedure for Sample Analysis

Filter samples with laboratory-generated or atmospheric aserosols
were sectioned as necessary and transferred to Teflon-lined screw
capped test tubes in an NHy-free chamber. No drying of samples
was done. The tubes were flushed with argon, capped and stored

in a dessicator under argon pending analysis. Ten ml anhydrous
benzaldehyde were added under argon and the samples shaken 30
minutes (60 minutes for atmospheric samples) on an FEberbach odel
6000 platform sheker at 90 oscillations per minute.* Samples were
then centrifuged 2 to 3 minutes at an estimated 2500 rpm. Eight
ml aliquots were transferred to a new set of test tubes containing
3 ml H;0 under argon (benzaldehyde/water ratio2.7). The mixtures
were shaken 30 minutes as above, centrifuged briefly, and an
aliquot of the aqueous phase (< 1.0 ml) removed for sulfate analysis
by the ATHL microchemical method.28

Sulfate standards were prepared in 3 ml HpO0. Eight ml benzaldehyde
were added to each of these and the standards shaken and analyzed
together with each batch of samples.

*For field samples in which HoS0, aerosol might be vhysically shielded by other
aercsol constituents the longer extraction period was considered desirable.

14
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@CHO/H,0,
v /v0

1.0
1.0
1.7
3.3
3.3

Mean

Std. Dev.

The Effect of Benzaldehyde on Working Curves

Table 4

for the ATHL Microsulfate Method2

With Benzaldehyde

Slope Intercept r
0.0585 -0.0153 0.999
0.0581 ~0.0570 0.999
0.0523 -0.008 0.999
0.0L470 ~-0.0720 0.994
0.0538 +0.0264 0.999
0.0539 -0.025
0.00LT 0.0396

a. In all cases 3.0 ml of HyS0, standards were extracted.

b. Benzaldehyde/water volume ratio.

c. Benzaldehyde distilled in inert atmosphere.

15

Without Benzaldehyde

Siope Intercept T
0.0540 -0.003 0.999
0.0558 ~0.016 0.999
0.05kL6 ~1.003 0.999
0.05L8 -0.0073
0.0009 0.0075



Benzaldehyde Purification and Storage

Pre-dried benzaldehyde was redistilled from Linde type YA molecular
sieve at 40 mm Hg under nitrogen through a 12" Vigreaux column, stored
with protection from liszht, and dispensed under srgon. Freshly dis-
tilled benzaldehyde was found to contain 0.06 + .0C6%w benzoic acid.
After five months storage and immediately following interference
studies with NH, HSO, (Section VII), reanalysis indicated 0.6 + 0.06%w
benzolc acid. Thus the acid content had increased by & factor of 10.

An estimate of the water content of the tenzaldehyde following 5 months
storege was made by comparing the color change of anhydrous copper
sulfate in benzaldehyde to that in chloroform with known water content.
The results indicated < 0.004%w water.

16



IV.

THE MICROTITRATION METHOD FOR STRONG ACID

‘AL

Introduction

C. Brosset and co-workers have employed microtitrations of agueous 330
extracts of particulate matter to measure the acidity of such samples.”
To measure strong acids in mixtures with weak acids, Gran's plots were
used. In a conventional potentiometric titration an 'S" shaped
titration plot such as Figure 14 is obtained. In a Gran's plot, the_

ml of titrant (YaOH) added is plotted against the concentration of H
remaining. If the wolume change due to the added titrant is negligible,
the result is a linear ti%ration plot (Figure 1B). The right hand
portion of the plot is shown as the mirror image of the actual piot of
(%) vs. ml titrant or as the increasing concentration of unneutralized
hydroxide. Real titration curves typically show curvature near the
equivalence point (i.e. the ml of titrant corresponding t¢ zero sampie
in the Gran's plct). The advantage of the Gran's plet is that the
endpoint can be accurately determined by extrapolating from the initial
linear portion of the curves.

Brosset reported that in atmospheric samples, titrated in the atsence
of C0,, strong acids (pKa < ca. 3) can be distinguished from wesk
acids (pKa > ca. 7). A tabulation of acidity constants for some acids
of possitle significanceis given in Table 5. 1In the presence of a
mixture of one or more strong and weak acids, the Gran's plot exhitits
a linear section followed by a curved section. Extrapclation of the
linear section to the horizontal axis gives the total strong acids
present. TFigure Z illustrates Brosset's data as a Gran's plot for

a mixture of sulfuric acid and hydrated A1%3, Al(H20)63+ which titrates
as a strong monoprotic acid.* ZExtrapolation cf the linear vporticn
yields a total H* of 0.8 x 10-€ moles H'Y compared tc a thecretical
value of 0.85 x 107° moles EY (from H550, and the hydrated aluminum
ion}. Quantitation of weak acids (as defined above) in the presence
of strong acids does not appear feasible.

The instrument evaluated for the analysis at ATHL was the "Autoburette
AB 12" manufactured by Radiometer of Denmark with 250 pl capacity.
Using 0.01 N NaOH, each microliter neutralizes about 0.5 ug H»S0,.
The readout of the volumetric counter a2llows a precision of 0.1 ypl,
and the pH meter digital display, a precision of 0.C01 units of pH.
The instrument titrates automatically tc a preset value of pH. The
speed of titrant addition can te regulated vy adjusting the speed of
the piston of the burette or by a proporticnal time chopper, which
reduces the increments of addition of titrant as the wvalue of the
measured pH aprroaches the nreset value. The endpoint i1s sensed by a
delay mechanism, which at a preset value of waiting time shuts off
the instrument.

+
The relationship between H concentration and electrode response as
well as an antilog amplifier circuit for processing the electrode
output to generate Gran's plots autcmatically are shown in Appendix A.

*¥*The axes have been multiplied by volumes to obtain sample and titrant in moles.
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Figure 1 Compariscn of Cenventional Titrimetric Data (IA)
and Linear Titration Plots Following Sample (S)
and Titrant (T} Concentrations (1B)
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Anthropogenic Acids and Their Approximate Strength
Acid Strength Acid Strength Acid
(pKa) (pKa)
HC1 strong HF 3.2 B(OH)3
HNOg strong Fe(H20)63+ A3 Nﬂq+
H,50, strong Fe(H,0)g0m2" N3 HCK
H,S05 1.9 benzoic 4.2°
ES0,,~ 2.0 adipic (pKa;) 3.0
H3PO, 2.1 acetic 4.8°
A1(H,0)¢ 3 ~5
H,S 6.9
HSC5™ 7.2
HyPO,~ 7.2

a. Data from reference 33 except as noted.

b. Data from reference 45,
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Interference Studies and Alternatives to i'se of a Gran's Plots

Figure 3 shows the fraction of individual =scids, in distilled 350,
titratable by NaOH at a given pH using the Radiometer automatic
titrator. It reflects directly the degree of ionization of each

acid at a given pH when in the presence of ions formed by neutraliza-
tion (e.g. Na+, adipate ion) but without other added electrolyte.

The degree of ionization is a function of the zcid considered and
varies with the icnic strength of the medium. While H,S50, is neariy
totally ionized at pH z_h (and, therefore, the egquivalents of base
added to neutralize the H30t in solution is equal to the equivalent

of HySC, in the sample) organic acids show reduced ionizaticn at pi
values below 7 arnd arproach zero at pH 3 and below. The degree of
ionization of organic acids in a mixture witn strong acids {e.g.

Hy80,, HNO3) and salts may differ substantially from that for pure,
individual acids in distilled water. TFor example, the ionization of
acid, HA, in soluticn reflects the equilibium HA + H,C b H30+ + AT,
Addition of strong acid should shift the equilibrium to the left

while addition of neutral electrolyte favors increased ionization by
lowering activity coefficients for the ionic species. As the result

of repressed ionization, weak acids should exhibit lesser interference
in the titration of strong acids than is implied by Figure 3. TFurther-
more, by titrating such mixtures to pH = 4 (rather than 7), > 96% of
the H,S50, should be determined wnile tenzoic acid should exhiviti < 375
pesitive interference and adipic acid (hexanedioic acid), < 1i7i
positive interference.

v

As a trial of interference effects and of analytical technigues, a

set of ten solutions were prepared containing H;S50, plus hexanedioic
acid, H»30, plus benzoic acid, and ¥,E0, plus voth crganic acilds.
Assuming a 2L-hour collection of H,S0, at 1 ug/m3 with a low volume

(20 m?) sampler znd extracticn into 5 ml of water, an acid concentration
of 0.4 pequiv/S ml would ba expected. The ten zclutions were adjucte
o provide concentrations in this range. To 2 ml of each sampi 5
added sufficient HNOj3 to reach oH = 4.0 in a pure water sol
observed pH was between 3.4 and 3.8. The solution was then
back to pH = 4.0. In only three cases {VII, VIII, IX of Tabl
the Gran's plot non-linear. The difference in resulis between
extrapolated intercept (from initial slope) 2t pH = L and the observed
intercept was < 10% in these cases.

@
2
o
U
o]

The observed intercept corresponds to the volume of titrant required
to reach pH = 4.0. Under these circumstances an extrapolated inter-
cept was gencrally unnecessary and the volume of titrant could be
cbtained with better precision from the digital readout of titrant
volume. Theze studies suggested that by titrating to pH = 4.0,
Gran's plots were usually unnecessary.

Results for analysis of the ten known mixtures, with direct reading

of titrant volume required to reach pH = 4.0 (i.e. without extra-
polation from a Gran's plot) are given in Table 6 and plotted as pg/ml
in Figure L. They generally show excellent agreement with true values.
The presence of benzoic acid (pKa = 4,2), which is distinctly more
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Table 6

Analysis of H,80, by Gran's Titration in
Mixtures with Weak Acids®

(nequiv/s m1)

Hexanedoic Benzoic Observed
Sample El§9i Acid Acid Strong Acid
I 0.Lo 0.40 0 0.h1
II 0.20 0.ko 0 0.21
iTT 0.%0 0.20 0 0.39
Iv 0.50 0 0.20 0.51
v 0.20 0 0.50 c.29
VI 0.ho 0.20 0.20 0.43
VII 0.20 0.20 0.20 0.22
VIIT 0.79 - 0.80 0 0.78
IX 0.79 0.h40 0 0.77
X 0.79 0.20 0 0.7k

a. Titrations to pH = 4.0. Results corrected by divisicn by 0.96 for the
4% 4,50, remaining unneutralized at pH = 4.0 in a single system con-
taining KNOj at the concentration used with samples. The percentage
unneutralized varies slightly from day-to-day leading to correction of

3-6%.
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COMPARISON OF OBSERVED AND TRUE SULFURIC ACID
IN MIXTURES WITH WEAK ACID
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acidic than adipic acid thal = 4.4}, caused a consistently positive
error. The largest =rro 3 observed for sample V which was about
30% HySO, and T0% benzoic id {on an equivalenis basis). The resulss
suggest an 187 positive in terference by benzoic acid at this con-
centration compared to the value 5_37, predicted from Figure 3.

For the remainder of this study all microtitration data were based
on titrations to pE = L.0 with direct reading of titrant volume.
With ambient air samples, Cran's plots were made to verify that the
slope was equivalent to that Tor sulfuric acid.* In all cases where
there was sufficient strong acid to permit determination, this was

the case.

In & similar manner interference effects of aluminum and ferric salts
and ammonium sulfate was evaluated by analyzing 0.2 uequivalents of
H280, alone and in mixtures with one of the interferents. Results were
calculated both from the recorded volume of titrant (0.010H YaOH)
required to reach the stariing pH {(L.0) and, graphically, from the
simultaneously constructed Gran's pleot. The results (Table T7)
indicate no interference from (NHy);S504. his is comsistent with
expectations sinmce the resuluing ESCy,” (pKa = 2.0) should still be
titrated as a strong acid. Similariy the A1t3 salt showed < 10%
interference. However, inter;erence from the Fet3 salt was strong.
In aqueous solution this hydrolyzes to Fe(H,0)*3 which, in turn,
dissociates as a dibasic acid (pKy; = pKy, = 3). Thus 0.134 imoles
Fe*3 (from 0.067 umoles r;n(SOg) ) should yield 0.27 umoles Hf. This
compares to 0.26 + O. Ok pequiv (or umoles) HY observed, averaging
results by both techniques with and without added H,SCy.

Ao N +3 ., . .
The degree of interference from Fe ° in atmospheric camples depends
on the extent of water solubility of the iron in particulate matter.
Selected aqueo extracts were analjzed for iron concentraticns by

m
ct
C
E
[
-

¥The slope for Hy;S80, is not distinguishable from that for HSO,  and other
strong acids.
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Table 7

+
Interference Effects in H Determination by Titrimetry

+
Observed H (pequiv)

Samglea Titrimettz? Gran's Plot to pE = b.0°

0.20 pequiv H,SO4 0.22 + .01 0.21 + .02
0.20 pequiv H,S04 + b umole(NH,),SC4 0.20 0.20
0.20 pequiv H,50, + 0.067 umoles 0.22 0.20

Al,(50,) 44
0.20 pequiv EpSO, + 0.067 umoles 0.46 0.42°%

Te,(804) 3
0,067 ymoles Al,(SO,) ;% 0.02 0.00
0.067 wmoles Fe,(S0,)3> 0.31 0.26°

a. All samples have 0.88 jeq HNO3 in 5 ml H,0 yielding pH = L.0 in pure water.
b. Based on volume of base to reach pH = L.0. v

c. Volume of base to reach pH = & from autcmatic generation of Cran's plot.
Except as noted, Gran's plot was linear to pH = b requiring no extrapclatiorn.

d. 0.06T7 umoles yvields 0.2 umoles sulfate.

e. Extrapolated from initial slope.
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¥. THE WEST METHCD FOR TOTAL ACIDITY
A. Introduction

DK s - . P .
The West procedure*b is pased on the displacement of the equilibrium
Letween an indicator in its basic (In~) and acidic form (HIn) in the
presence of aclds:

g = L] (1o-]

HIn
[In"] _ [form with alkeline color] _ X
or = —— ; = ¥
[HIn] [form with acid color] tHT1

In this technigue bromphenol tlue (BPB), which is protonated at about
pH = L, was selected because it is not affected by carbeon dioxide and
because it provides an appropriate working range with strong acides.
The measured abscrbance at aprroximately 590 nm 1s used as a direct
measure of the Ht.

B. Ewvaluation

Initial studies at AIHL sought 1) to reproduce the reported working
curve, 2) to estimate the working range of the method, 3) to adapt
the method for use with 10 ml rather than 100 ml samples and L) te
evaluate the effects of possible interferents.

A comparison of the lower portion of West's working curve relating
total acid {as pg/ml HZSOQ) and absorbance is shown in Figure 5.
The solid lines represent several AIHL trials differing in the
freshness of the reagent or length of standing of solutions. The
ATHL results show generally better agreement with West's data at
. e i s

Tt elbman s o B ] DAt mer T T Len mamarh~d e Y-5]
dlLplicy CuiitTIL LD . DCLUW L pE/ L LT DTVl 1UocTo oTliod

For this method tc be useful with low volume filter samples it is
essential to demonstrate its usefulness with smaller aqueous extracts.
Figure 6 shows three trials differing in order of addition of acid
and indicator and time for standing before reading absorbance (30 or
60 minutes). The results for the three trials showed excellent
reproducibility and a useful working curve in the range 1 to at least
15 ug/ml, using H,30,. TFor these trials, absorbance readings were
made at 592 nm rather than 587 nm as specified by West. Using a

B&L Model UV 200 spectrophoctometer, 592 nm corresponded to the mid-
point of the absorbance maximum.

The effect of the following potential interferents was briefly

evaluated:
CO, A12(804)3
Fe,(504) 3 (NHy ) oS0y
FESOL‘_ NHQESO;,.

In separate experiments, =ach of the sulfate salts_was added at
a concentration sufficient to preduce 10 ug/ml SO, (assuming
complete ionization and dissociaticn). Carbon dioxide was added

27



H,80, Concentration (ng/ml)
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by saturating an aqueouz solution with gaseous CO0y. The response
for CO; in this solution was equivalent to 3.3 ug/ml H,80,. Since
a dissolved C0z level of < 1% of saturation is more typical, a
negligible effect of atmespheric €0 is expected, which is con-
sistent with West's claims. The results for Fe,(3804)3 (ferric
sulfate) and NH FSO, (armonlur acid sulfate) indicate complete
hydr01151s to a strong acid (i.e. one equivalent of sulfate yielded
one eguivalent of HY). With WHLHS0, the equivalence of sulfate and
H* was also demonstrated at the S5 pg/ml sulfate level. Thus, if
present, these materials would be indistinguishable from sulfurie
acid. However, T230,, Alp{S804)z and {(NH,),S0, showed no measurabl

interference.

To complete these studies of interference effects known amounts of
sulfuric acid were analyzed in mixtures with two weak acids, hexane-
dioic acid (pKa; = 4.4} and benzoic acid (pKa = 4.2). The results
shown in Table 8 indicate positive interference by both acids of,

on average, 18%. Since aliphatic dicarboxylic acids are likely
components in atmospheric :amh1954° this method was considered of
limited value and it was dropped from further studies.



Table 8

Analysis of H;50y by the West Method in
Mixtures with Weak Acids

{yeauiv/5 mi)
AN i 7 bkl 4

equiv
Hexanedoic Benzeic Cbserved
Sample EZEQ& Acid Acigd Strong Acid
T 0.40 0.ko0 0 0.LT
11 0.20 0.4%0 0 0.kb
IIT 0.k0 0.20 0 0.45
v 0.50 0 0.20 0.55
v 0.20 0 0.50 0.36
VI 0.40 0,20 0.20 0.48
VIiI 0.20 0.20 0.20 6.48
VIII 0.79 0.80 0 0.81
ED 0.79 ' 0.%0 0 0.73
X 0.79 0.20 0 0.75

Ratio of Means Obs./True = 1.18
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VI. EVALUATION 2F WILTER MeDTA FOR SULFURIC ACID AND PARTICLE PHASE STRCNG
ACID MEASURRMENTS

A. Artifact Sulfate Formation on Filters with Sulfur Dioxide

Filters to be used for H,30, sampling must minimize artifact sulfate
formation due to Tilter-30, inte: i
Tilters were evaluated %

<
ot

Acid-Treated Quartz [Pallflex 2500 QAO)¥
Gelman Microguartz

Mitex, 5 um

Fluoropore, 1 um

Fluoropore, 3 um

Teflo, 1 um

Teflo, 3 um

Zefluor, 3 um

The filters were exposed to 0.2 ppom 30, at 50 and 90% R.H. in 2-hour
periods. Two trials were made with each condition. Flow rates were
22 lpm except with the quartz filter. This was run at a flow rate of
1.3 efm to provide a face velocity equivalent to tnac of an 8 x 10"
filter at 40 ecfm. None of the filters formed measurable { i.e.

> 5 ug/S0,~/filter) levels of artifact sulfate.

Retention of S0, as sulfuric acid, if significant, would have caused
increased values of both sulfuric acid by henzaldehyde extraction and
increase in particulate acidity. Retention of NO, species such as
HNO3 would also have caused increasc in particulate acidity. OStudies
of retention of NUp and HiO: on filter media, including those used
for sulfuric aclid and particulate acid measurement, are included in
Section VIII.

B. Efficiencies of Filter Media for H,50, Collection

Pilter efficiencies for < 0.3 um Hy50, particles were determined by
sampling laboratorv-generated H,S50, aercsol at 1 cfm (face velocity
34 em/sec) with 2 47 mm multiple filter holder (Yuclepore #LT040O)
containing the filter typve under evaluation followed by a 1 um
Fluoropore filter (after-filter) to collect any aerosol which pene-
trated through the initial filter. Flucropore (1 um) was employed
as the after-filiter in =2ll evaluations based on its high collection
efficiency** and high sulfuric acid recovery with water extraction.
Immediately following exposure, the filter being evaluated, the
underlying filter support grid and Fluoropore after-filter were
extracted in 5 ml of distilled water with periodic, wvigorous manusal

agitation for 48 hours at room temperature {22°C). Sulfate analyses

*The acid treatment procedure is described in Appendix H.

**T,iu angd LeeuT reported > 99.99% efficiency for this filter with 0.03 to 1 um
diameter dicctyl phthalate particles while John and Reischl37 found > 99.9%
efficlency with room air dust.
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were performed bty th:z AIHL microsulfate ::Iethod.28 Analysis of the
fijter support scre=n was included as it wes the only filter holder
surface upstream of :;: after-filter capable of cecllecting detectable
amounts of sulfate. esign of the sulfuric acid serosol generator
and characterization »f the aerosols produced are discussed in

Appendix B.

t".
&

Lt

tra cizg for a filt ermined
H,50, on the f*l er compared to the total H,380, on it, the after-

filter, and the filter screen. H,50, penetrating the after-filter

(1 um Fluoropore) was ignoreld, based on studies in which an impinger

was used following the after-filter (see Appendix B).

ac
[=as1

Nine filter types were evaluated Tor filtration efficiency including
two quartz and seven Teflon filters, The latter included Fluoropore
in three pore sizes and two types of Teflon filter from the Ghia
Corporation, "Tefle" {Teflon filters bonded to a polyester ring about
the perimeter) and "Zeflucr” (Teflon filters stiffened with a backing
of a coarse Teflon). 1In addition to filtration efficiency, ease in
mounting, cutting and H,S80, recovery were evaluated.

Results of the filter efficiency evaluaticn are given in Table 9.
In general the efficiency decreased with increasing nominal pore
size; both 1 ym Terlon filters, Fluoropore and Teflo, showed about
989 ef11c1encJ. The 0.5 pym unbacked Fluoropore results appear
anomalous. Both quartz fiber filters showed > 98% efficiency.

The current program for HpSC0, collection required one filter medium
suitable for hi-vol sampling and at least one for lo-vol sampling.
Based on its ease of handling and cutting, the Zefluor type Teflon
filter was selected for further study. Because of the decreased
efficiency of the Ghia 3 um compared tc their I um filter the 1 um
nore size Zefluor filter was chosen.

Based on ease of handliing, collection efficiency, and lack of artifact
sulfate formation both acid washed quartz and Gelman microgquartz
appeared suitable for further evaluation.
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Table 9

Collection Efficiencies of Selected Filters
for < 0.3 um Sulfuric Acid Aerosol (ug S0,%)

Filter Type

Fluoropore, 1 umc
Teflod, 1 um
c
Fluoropore, 3 um
Teflod, 3 um
Zefluord, 3 um {thin backing)
c
Mitex, 5 um
. e
Microquartz

Acid Washed Quartz

(Pallflex 2500 QAo)f

Unbacked Fluororore, 0.5 umc

a. Filter collection
Efficiency %

=1 -
b. N/A = data not available.
c. Millipore Corp.

d. Ghia Corp., Fleas

e. Gelman Instruments Co.

1st

Filter

5k9
503

1069
T46

53k
560

709
657

673
624

317
384

453
470

537
516

Lko
429

L)
=
|+ =~

=W
oo

VA

e
= 0O

AV I o O w o o K-)’
(R Vo WO N W

'Pc‘ [AVIANe]

=

Screen

=

{Screen) + [2nd filter)

Filter™
2nd Collection
Filter Erf. (%)
6.0 98,0
6'5 9?-9
6.2 98.9
9.6 98.1
8.5 N/A
5.0 97.7 + .2
26.4 95.1
18.0 95.8
15.7 25.7
15.9 95.6
11.5 9.2
14 9L.5
1.5 99.0
1.5 99.6
6.5 98.5
7.0 Gg8.L
14.8 + 3.2 95.9 + 0.7
12 96.1
1 x 100

f. Pallflex Products Corp., Putnam, CT.
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VII. EVALUATION OF H,S5C, AND ACIDITY METHODE USING LABCRATCRY AEROSOLS

A.

Preliminary Study for Filter Selection

The objective of this preliminary study was to select filters showing
high recoveries of Hp30, for detailed evaluation. Loss cf H;S0, in
thase studies could be ascribed to acid-filter interacticon since
great care was taken to minimize the possibility of neutralizaticn

by ambient ammonia.¥

Three filters of each of six types were loaded with a nominal 60-80 g
Ho80,. Filters were cut in half in an NHy free chamber, and twice
distilled water added to one set of filter halves ,contained in sealed
polystyrene tubes, for strong acid and sulfate measurement. The
second set of filter halves was placed in sealed glass tubes for
benzaldehyde extraction and H,S80, determination. Sample transport
and storage was done under argon to minimize neutralization by
atmospheric ammonia.

Results of Hy50,, " and S0,~ analyses are given in Table 10. Acid-
washed quartz showed 95 + 7% and 96 + 26% recoveries by titration
and benzaldehyde extraction, respectively. One and 3 um Fluoropore
yielded about $0% acid by both techniques. Recoveries with unbacked
Fluoropore (0.5 um) were close tc guantitative, prompting further
evaluation of similar Teflon filters lacking a polyethylene backing
but with somewhat greater pore size.

Recovery Studies with Inert Filters

H;50, recoveries were determined with acid-treated gquartz and Teflon
membrane filters using about 50 ug per filter H,80, loadings. Filters
were quartered as described in Appendix B. One quarter was used for
benzaldehyde sxtraction and the remaining quarters were used for H'
measuwrement and sulfate determinations. The expected level of H;80,
was about 13 ug extracted by benzaldehyde and 39 ug for the other
analyses. The resulis are given in Table 1l1. The acid levels
determined titrimetrically were similar to those in Table 10. Re-
coveries of the acid by titraticn were relatively high and similar

for the two experiments using acid-washed quartz and 1 um Fluoropcre.
Recovery of the acid by benzaldehyde extraction is somewhat lower in
Table 11 compared to Table 10. This is to be expected since the H;504
levels are lower. Recovery of ca. 10 ug H,30, from acid-washed
Pallflex 2500 QAC averaged 60% (Table 11) which compares to 75%
recovery reported by BNL for similar conditions. Zefluor, a Teflon
filter backed with coarse Teflon, showed a somewhat lower recovery of
acid by titraticon compared to Fluoropore or acid-washed quartz. How-
ever, average recovery of H,50, by benzaldehyde extraction was slightly
higher.

*T0ss of H,80, by neutralization with NH3 during and after sampling and by
interaction with particulate matter is considered following choice of filter

media.
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Preliminary Screening of H,50, Recovery from Candidate Filters (ug SOH=/% filter)

Table 10

. H,50, (benzaldehyde “a H'(titrimetric) o e HpS0y

Filter Type No. H (titrimetric) extraction) S0y, S0,= 80, * 100
Acid Washed Quartz 76 39.52 55,2 A 89 128
7 hh.ob 35.2 471 93 5
78 o 6 37.1 h1.6 102 89
Gelman Microquartz 79 oz 3.1 7.3 0 470
80 0, k7.4 26.1 0 180
81 0 0 6.6 0 0
fMitex, S5 um 85 5.0 32,0 8.8 57 3kho
pore size 86 25 .4 27.h 224 113 12e
87 12.5 24,1 28.2 L 8
Fluoropore, 1 um 8z 32.32 27.4 36.5 88 15
pore size 83 32.8 30.6 35.8 2 fe
84 32.1 32.7 33.7 95 97
Fluoropore, 3 um 88 34,5 33.5 38.9 89 8¢
pore size 89 30.4 30.7 33.6 99 a1
90 29.1 27.2 31.9 91 ge
Fluoropore, 0.5 ym 91 25.0 23.8 23.8 105 100
(unbacked) g2 29.5 35.0 32.2 g2 109
93 34,2 26.0 31.6 1.08 z

=0 A0 oOR

Except as noted results are not corrected for filter blank.
Results corrected using filter blank values given in Table 3.
Subsequent studies indicated a filter blank of ca. -L0 (i.e. the filter is alkaline).
Using the AIHL micerochemical method.

Percent recovery of acid by titration.

Percent recovery of acid by benzaldehyde extraction.

f
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H5504 Recovery

Table 11

from Inert Filter Media (ug Sou=/§ filter)

+
H,804 (benzaldehyde _ H (titrimetric) d H,S80,4
Filter Type No. H+(titrimetric) extraction) SOq_b’c SOy~ x 100 g = x 100
Acid Washed Quartz  147AQ 3k4.5 18.0 3k4.5 100 52
148aQ 28.7 20.6 29.8 96 69
1494aQ 35.8 25.4 37.1 96 €8
_ 150AQ ___30.0 _ . 17.8 35.5 e 50
Fluoropore, 1 um 139F1 33.2 28.0 33.8 98 83
pore size 140F1 29,3 16.4 31.1 9L 53
1h1F1 31.9 20.0 32.9 97 61
______________________ }E@E} 25.4 o 23.1 29.6 86 78
zefluor, 1 um 143211 2k.9 21.1 30.1 83 70
pore size 1hhzrl 27.6 23.3 33.5 82 70
15271 20.4 18.9 23.3 88 81
146271 31.5 23.6 31.9 99 Th
1 {titrimetri H,50
Ratio of Means: __i_l_IlE§_£&£l x 100 2270 100
S0y 8047
Acid Washed Quartz: oL 60
Fluoropcore, 1 um: 9L 69
Zefluor, 1 um: 88 T3
a. TFilter blanks (from recovery of H' added to aqueous filter extract as ug soqg/g filter):
Acid washed quartz = -1.9 + 1.0
Fluoropore, 1 um = -1.2 + 1.1

Zefluor, 1 um = -2.1 + 0.7

b. Filter blanks helow detectable limits in all cases.
c. Analyses by AIHL microchemical method.
d. See footnotes e and f, Table 8.



Storage Stability of 4,30, on Clean, Inert Iilters

Preceding studies demonstrated that clean, acid-washed Pallflex

2500 QAQ quartz and Teflon filters (e.g. Flucropore or Zefluor) gave
relatively high recoveries of sulfuric acid within 48 hours of

filter loading with laboratory-generated H,30, aerosol. To evaluate
the effect of storage of H,80, recovery, sets of four guartz and

1 wn pore size Zefluor filters were loaded with about 50 ug H;S04
each. Since the filter loading was not sufficiently reproducitle,
equal loadings on each filter could not be obtained. To permit
meonitoring of changes with time, each loaded filter was cut into
quarters, and one quarter from each was comopined and packaged in
closed, Millipore disposable plastic Petri dishes. With this strategy
the total H,50, on the four cuarters in each of four boxes was equal
within the precision of sectioning cne filter into equal quarters
(C.Vv. = 2.5%). Zefluor filtersc were treated similarly. To evaluate
storage stability four plastic bags were sealed each containing one
loaded quartz, one leoaded Zefluor and one eacnh blank filter of each
type, all in quarters inside closed Millipore Petri dishes. Two bags
were opened after one week of storage in laboratory air and analyzed
for HY aad Hy30,. The results were compared to those for two bags

of sampler analyzed within 48 hours ol loadinz (Table 12).

Using the benzaldehyds extraction teﬂhn¢q the resulss indicate, on
average Tl + 6% and 91 + 107 recovery of the acid from AW gquartz and
Zefluor flltoro, respectively. Using the titrimetric method, recovery
of the acid was 35 + 18% and 93 + 11% for quartz and Zefluor filters,

respectively. In all cases, an apparznt increase in acidity with
gstorage time was observed. Further %rials would be needed to establish
this as a consistent trend and establish its cause. However, the
present results serve to confirm that, in the absence of ammonia and
particulate matter, storage of the acid does not cause measurable loss.

Interference of Atmospheric Particulates in HoS0y Determination

1. Introduction

To evaluate the effect of atmospheric particulate matter on recovery
of H,50,, sulfuric acid aerosol was added to particulate samples
collected on both acid-washed quartz and Teflon {1 um pore size
Fluoropore filters. Ar 8'"x 10" quartz filter was loaded with
stmospheric varticulate by sampling in Berkeley for 24 hours at
ca. 40 cfm during a period of relatively heavy pollution (compared
to typical Berkeley pollution levels) using a high volume res-
pirable particulate sampler (particles > 3.5 um ars remcved with

a cyclone). The purpose of the cyclone was to exclude much of the
soil particulates which might neutralize sulfuric acid. From this
filter 12, 47 mm discs were punched. Five of these were loaded
with approximately 100 ug H,30,, five with 50 ug H,80, and two
with none to permit measurement of the initial sulfate and acid
levels.
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Table 12

Storage Stability of H,SO, on Clean Filters (as ug S0, wver filter)

H,S0,,
H,S0, {benzaldehyde + b
Filter added extraction) H (titrimetric)
initialc one week initial one week
Acid-washed Quartz €1 + 3d 41 L6 Ly 60
Zefluor, 1 unm 50.8 + 0.7 43 50 43 51

Filter blanks ca. 1 ug/filter which is below the limit of reliasble guantitaticn.

Corracted for the mean blank for quartz = -3.9 + 2.0 and Zefluor = -4.2 +
ug S0,~/filter. Yote that ug H,504/filter is not significantly different
ug SO,~/filter.

h
nan

ot |2

Analysis completed within 48 hours of filter loading.

Based on analysis for total H,0-soluble sulfate following analysis for H+.
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Since it was not feasible to obtain simultaneous atmcsvreric sarples
on LT mm Fluoropore filters, 14, 2h-tiour samples were obtained in
Berkeley over a period or abcut 3 weeks in October 1978. Of these,
four were analyzed without added H,30, and the mean and standard
deviation for atmospheric zulfate assumed to relate to all sammies.
Initial sulfuric acid lcadings were calculated bty subtracting this
mean from the total sulfate measured after adding acid., Five
samples were loaded with arproximately S0 ug, and five wiih
approximately 100 ug HyS0,. Filters were then analyzed for sulfuric
acid, total acidity and sulfate after varying storage periods
following filter loading.

Results

The results given in Table 13 are expressed as percent HyS0,
recoveries. Acid recovery values for quartz filters should be
considered more rsliasble since the atmosvheric sulfate level of

the samples was accurately established. Results have been corrected
for the acidity observed irn the atmospheric samples.

The results by benzaldehvde extraction indicate, in most cases,

< 20% recovery of Hp30,. These findings contrast with those by
the titrimetric method wnich gare an overall mean recovery of

6l + 15%. These findings are coasistent with the reaction of

> 80% of the H,S80, with (MH,),S50, tc yield NH,HSO,. This salt
would be still be titrated as an equivalent amount of strong acid
but would not be reccvered by the benzaldehyvde extraction methcd.
The initial level of sulfate on the guartz filter, 206 ug/fiiter
as sulfate, probably existed primarily as (NH,),SO,. As such, it
represented more than twice the level of sulfuric acid added.

The initial sulfate level on Fluoropore, A0 + 13 pg, indicates
that the added H;3C, could be about twice the molar level of
ammonium sulfate. Recoveries of acid up to about 50% by benzal-
dehyde extraction were observed with the high H,S04/initial
sulfate ratio.

Conclusions

a. The reaction of < 0.3 um sulfuric acid aercsol with previously
collected particulate matter appears to occur relatively soon
after contact. o loss with storage time between 42 and 216
hours was observed.

b. The removal of large particles from the air stream may be useful
but it does not prevent transformation of H,50, to a form not

axtracted hv bhenrzaldehvde
exiractied DYy Odenzalcenyae.

¢. Results are cogsistent with the reaction of a large fraction of
H,80, with 850~ forming 2 moles of HSOu™ per mole of HyS04.
The HSO,~ is indistinguishable from H,SOy by titration.

d. Under conditions in which moles of H,S0, < moles(NH,),S0, it
appears doubtful thal E;S0, can escape conversicn to HSC,”.
However, further work is necessary toc confirm this with lightly
loaded atmospheric samples.
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Table 13

Sulfuric Acid Recovery from Particulate-Loaded Filters (%)

Mean ug % H,80, Recovered
Filter Added H,30, L2 Hours 96 Hours 216 Hours
+d e +d e +4d . e

H @CHO g° @CHO E - $CHO
Acid-Washed L6 67 < 19 kg 21 65 < 33
Quartz? Le 80 < 18 - - 98 < 11
82 58 < g T3 10 &7 < 11
82 61 <11 - — 66 <11

Mean: 67 + 11 <1k 61 +17 16 +8 Th+16 <17

Fluoropore, 1 umb 5k 51 7 37 ca.0 (176)c ca.0
S 5l ca.0 - -_ 59 ca.l
96 7h 48 35 31 80 54
96 69 2k — - 67 10

Mean: 61 + 12 20+ 21 36+ 1.4 15 +22 69+ 11 32+ 21

a. Mean SO, loading without added HpSO4: 205.5 + 3.8 ug/filter. All dises cut
from the same & x 10" filter for lcading with Hy80,. Results corrected for
the acidity observed for the atmospheric samples by titration, 2L.5 + 8. By
benzaldehyde extraction, Hp,30, below detection (<8).

b. Mean 804= loading without added HpS04: 60.2 + 13 ug/filter for four filters
collected on different days. Results corrected for acidity observed for the
atmospheric samples by titration, -3.6 + 2.9 by titration and 12.5 + 3 by
benzaldehyde extraction.

¢. Excluded from mean.

d. By titration

e. 3By benzaldehyde extraction.

L1



E. Interference of (NH,)-,80, irn H,50, Determination

1. Introduction

Studies, described asbove, cof atmospheric particulate matter
interference were ceonsistent with the formation of HE0,™ from
S

H,80y, and (NH,),SCL, since strong acid was still titratable but

no H»S50, was extractable by tenzaldehyde. To evaluate this more
directly, clean 1 um pore size Zeflucr filters were first loaded
with (NHy)},S0, aerosol {< 0.3 um particle diameter) in sets of
three. Two of the three filters from eacli of two sets were then
loaded with < 0.3 pm Hp80, aerosol at two levels. 3Suifate analyzis
(following Ht determination) gave the sum of sulfuric acid and
ammonium sulfate. Sulfate analysis of the third filter in each
set gave the level of (HHL},80,. S&ince the filters within a set
were equivalent in (NHy,),30, loading within 2% (Appendix D), HySO,
loadings were obtainable by difference.

2. Results and Conclusions

From the results given in Table 1L it is concluded that:

a. At the lower Hp304, level, results ore subject to large
uncertainty because of the reliance on a difference technique
to determine H,S04.

b. Recovery by titration of strong acid, expressed as H,SO,,
averages 128%,

c. Recovery of H,;504 by benzaldehyde extraction is anomalously
high when compared to the level of H,80, and to results of
previous experiments without {NH,),8C,. The results are
consistent with the extraction of substantial quantities of
ammonium acid suifate ({HLHSO., ) by benzaldehyde, the latter
being formed from interaction of HpS0, and (NH,),S04.

d. Direct evaluation of interference effects with NHyHSO, is
needed.

F. Interference of HWH,H30, in H,S0, Determinations

1. Intrcduction

Ammonium acid sulfate {(NH4HSO,) titrates as a strong acid,
indistinguishable from H,304,. Howewver, studies at BNL indicated
only slight solubility for dry NH,HSO, in benzaldenyde. To evaluate
the potential interference of FHLHSO, on sulfuric acid determination
by benzaldehyds extraction under the conditions used in this study,
two experiments were performed. In the first, sets of three clean
Zefluor filters were simultaneously loaded with equal amounts of
NH4HSO, aercsol (< 0.3 um)¥ followed by sulfuric acid aercsol on

two filters from each set. The level of H,50, added could then

be obtained by difference and compared to the observed Hy80,.

*A malfunction in the optiecal particle counter prevented monitoring particle
size. The conditions used were those previously found te yield < 0.3 um for
99% of all particles using (NHy,},304.

Lp



&

Table 1L

Interference of Ammonium Sulfate [(NH,),S04] on Sulfuric Acid Measurement (as pg sulfate per filter)

a (NH, )5S0, + HoS0, Hy50, by H,80, by
Set (NHy ) 250, H, 50y (by difference) Benzaldehyde Ext. Titration
Filter A Filter B Filter A Filter B Filter A Filter B Filter A Filter B
1 81.6 + 4.5 113 122 32+ 6.7 M +6.7 1 L2 L6 (A
2 89.6 + 2.8 97 100 T+5 10 + 5.5 21 21 15 12
a. Mean + o for two determinations made by analyzing separate halves of the same filter.



In the second experiment, NH HEO, was added in equal amounts to

* iy 4
sets of three guartz filters loaded with egqual levels of atmostheric
particulate matter.*¥® This was followed by deposition of HpS0,
aerosol on two of the three discs. Both IHHLHESO, and d,30, were

calculated by difference.

2. Interference of NH-dS0, on Clean Teflon Filters

Table 15 shows the extent of interference of ca. 100 ug NH,HSO,
(as S0,=) on the analysis of 0 to €0 ug H,S0,. Between 39 and
T1% of the NHLHSO, was extracted by benzaldehyde. The presence
of H,580, did not have a consiztent effect on the extent cof
NH,HSOyinterf=rence. In the absence of H,S0,, 45 + 3% of the
NE,HSO, was extracted. This compares toc about 25% extraction
reported by Richards et altl and < 5% reported by Barrett el al.30

The latter group as well as BNL empleyed filters spiked with aqueous
solutions of the salt and then dried rather than adding the salt

as a submicron aerosol. An additional source of variability arises
from the water content of the benzsaldehyde-salt system. BIL and
Richards et al employed benzaldshyde withcut purification. As
noted by barrett, et al, such benzaldehyde contzins appreciable
water causing increased extraction of salts such as NH.HZO4

However, both BNL and Richards et al dried each sample {rather than
the benzaldehyde) prior to extvactic:.

In the present work the benzaldehyde had been initi
over Linde molecular sieve Type 3A, vacuum distille
molecular sieve under argon, stored with protection from light

and air and dispensed through Teflon stopcocks by vpressuring

with argon. After five months stecrags its water content was
determined to be < 0.00L%w ana its benzoic acid content, 0.06%w.
However, the samples were not dried. Assuming that after air
contact the NH,HS0,-locaded filter abscrbted an amount of water

equal to the weight of salt [ca. 100 ug) the water content of the
10 ml benzaldehyde due to this source would reach 0.02%w. (The
water saturation level is 0.3%7.) It appears doubtful that water
from either laboratory or atmosvheric samples could influence the
extent of extraction into dried wenzaldehyde. Variation in rate

of extraction of the acid sulfate with particle size may be a

more significant factor causing variability in results between
investigators. Turther work is needed to evaluate this possibility.

3. NH4 HSO, Interference on Atmosvheric Particulate-Loaded Filters

Table 16 v e a tm heri e

le 16 summarizes the level of eric sulfate, NHyHSCO, and
HyS0, added, and recovered vels of acid. In both sets, approximately
120 ug NH,HSO, (as sulfate) was combined with about 50 ug HpS04 in
the presence of about 150 pg atmospheric sulfate and other aerosol
constituents on quartz filters. 1In all cases the level of H,50,
observed by benzaldehyde extraction was below the level added.
Apparently, both the acid sulfate and sulfuric acid reacted to a
major extent with aerosol constituents preventing assessment of
interference effects by NH,HSC,. The average recovery of strong
acid (by titration) was only 36%.

#*¥4 series of 47 mm discs were cut from an 8 x 10" sheet following sampling
respirable particulate for 5 hours at ca. L0 efm (15.2 m3 per 47 m disc).
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Table 1S

Interference of NH,HSO, on H,SO, Determination on Clean Zefluor Filters (as pg sulfate per filter)

NH,HS0, % Interference by
+ HzS0, H,S0, H,S0, by NHLHSO, 4 ¥ Becovery of H'
Filter NHLHS Oy HoS0y (by difference} Benzaldehyde Ext .. Titration in Benzaldehyde Ext. by Titration
A 97.6 -8 0 ho ko b3 86
B N.0.° 82.2¢ - 15° 87 50 - -
c N.p.° 150 52 86 8o 65 ak
A 99.6 - o W7 60 W 120
B N.D.P 136 36 107 12 T1 8%
c N.D.D 162 62 101 gh 39 85
Median: m Mediean: —85—;

o Hy50, added to this filter.
Assumed equal to value for filter A of the same set (see Appendix D).
Probubly analytical error.

The percent NH,HSO, extracted into benzaldehyde.
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Table 16

Interference of NH,HSO, on H,;50, Determination in the Presence of Atmospheric Particulate Matter™ (as pg sulfate per filter)

Atm S0,  Atm 50, % Interterence | Regovery
+ + NH,HSO, NH,HSO, HyS0, Hp504 by b HaSO, by_ by HH,HSO, of H by

Filter Nii HSO, + H,80, (by difference) {by difference) Benzaldehyde Ext. Titration Benzaldehyds Ext. Titration
A 269 + 2.3 - 118 + 12 0 ca. 0 18 Not measurable 31
B H.D.d a7 + 1.k 118 + 12 L8+ 3 ca, 0 L& Not measurable 43
¢ N.D.d 325 + 2 118 + 12 56 + 3 12, Lk Not measurable 18
A 281 + 1.4 - 130 + 12 0 ca. 0 16 Hot measurable 24
B x.p.4 330 + 2 130 + 12 49 + 2 7.8 32 ot measurable 13
c x.p.9 339 + 1 130 + 12 58 + 2 13.7 46 Not measurable 18
Wedian: K8

Mean atmosphe:ic sulfate level 151 + 12 ug/L7 em disc cut from singie 8 x 10" filter.
No H,80, detecteble in atmospheric particulate.
Results corrected for 24 pg H,50, (as SO, ) per filter for the atmospheric particulate matter.

Assumed equal to value for filter A of same set (see Appendix D).
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VIII. NITRIC ACTD MEASUREMERT

A.

Introduction

Previous studies evaluated the use of a cculometric method for continuous
nitric acid measurement. While tihe method proved adequate for laboratory
use at concentraticns > 0.1 ppm, it lacked sensitivity for ambient
concentrations. A Teco, single channel chemiluminescent IC-[I0; analyzer
was used for laboratory analysis ¢f nitriec aecid at < 0.1 pom, but could
not be used for field sarpling because of {0-NO,; interference.

The present study has evaluated two integrated samrling techniques,
one employing ¥aCl-impregnated filtersg, and the second, nylon filters
for HNO, ccllection.t This approach reguires initial removal cf
particulate nitrate with a pre-filter and penetration of Hil03 to the
collector mounted as an after-filter.

Our studies included assessment of artifact nitrate formation on NaCl-
impregnated and nyleon filters with WOz, the degree of retention of
nitric acid on the inert filters used for pre-filters. with and without
atmospheric particulate matter, and comparison of the two technigues.

Artifact Particulate Nitrate Formstion

1. Clean Filter-NO», Interaction

Previous AIHL studies of artifact particulate nitrate formation
demonstrated only slight retention of ii0; at 5_90% R.H. using a
wide variety of filter tyves. TFor the present study it was
necessary to establish that the filters intended to colleet nitric
acid, viz., nylon (Duralon and Ghia nylon) and NaCl-impregnated

T

cellulose (Whatman L41) did not cause errors due to NC, collection.
Prior studies with Duralon filters demonstrated little NOjp re-
tention at or close to ambient concentrations. However, NaCl
impregnated cellulose filters have been reported to retain HO,

somewhat at high relative humidity.?

The present study employed 0.5 ppm N0, at 9% E.H., with =and
without added 0.1 ppm ¥Hs, in 6-hour exposures. Following ex-
posures samples were refrigerated to minimize desorption as well
as oxidation of nitrogen-containing species. ZExtractions were
done by mechanical shaking for 30 min. in 5-10 ml Hy0 at room
temperature except with nylon filters. The latter were extracted
in O.1N NaOH as discussed in 8ppendix E. The results are given

in Table 17 together with those for a blank run made imediately
before the trials with added N0,. In spite of a careful detergent-
water wash and clean air purge, the interior walls of the expcsure
system remained contaminated with a material which desorbed and
was collected and analyzed as nitrate. The 6-hour chamber blank
run conducted with two Duralon and two WaCl/Whatman 41 filters

in parallel cbserved about 3-9 ugz/m> artifact nitrate, with the
higher level on the latter filters.

L7
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Table 17
ARTIFACT FARTICULATE NITRATE FROM SIX-HOUR FXPOSURES TO

NO2 AT 90% R.H. WITH AND WITHOUT ADDED NHBa
(ug/m3)
Chamber 0.5 ppm N02(9h0 ug/m3) 0.5 ppm N02(9h0 ug/m3)
Filter/Conditions Blank Runb 0 NH3 0.1 ppm NH3(70 pg/m3)
Duralon 2.6 + 0.2 6.1 +0 2.6 + 0.1
NeCl/whl 8.5 + 0.3 5.6 +1 2.9 + 0.4
8.3 (9 1lpm) 2.4 (10 1pm)
Chia Nylon _— 5.3 + 0.6 1.9 + 0.2
Zefluor Pre-filter o
> —- 2.5¢ 1.0
Duralon After-filter
Zefluor Pre-filter
> - 1.6° 0.5°
NaCl/Whl After-filter
a. Except as noted all results obtained at ca. 20 lpm and 21 + 1°C,
b. Exposure system was cleaned with aqueous detergent, rinsed with distilled water

and air dried. Blank run made after purging system overnight with purified air.

c. Fesults for pre-filter plus after-filter,


https://Dural.cm

Runs with NC,, with and without ammonia, were done with filter
pairs as above at 20 lpm plus an NaCl/wkl filter at 10 lpm. In
addition, filters with Teflon pre-filters such as would be used

in field sampling for nitric acid, were also evaluated. Comparing
results with added IO to those in the blank run, Duralon exhibited
a small inerease (corresponding to 0.3% ¥O, retention) while
results with NaCl/Whl decreased slightly. The filters with pre-
filters showed total nitrate levels < the controls. The addition
of ammonia caused a decreace in observed artifact particulate
nitrate. This parallels observations previously reported using

glass fiber, cellulcse acetate and Teflon filters.

In summary the level of artifact particulate nitrate from 0,
appears negligibly small. Published revorts of significant NO,
collection on HaCl impregnated fllters mey have been influenced
to some degree by system contamination.

2. Filter-HNO, Interactions

Previous work at AIHL demonstrated, in many cases, retention of
gas rhase nitric acid on clean filter media leading to what is
referred to as artifact particulate nitrete. Those cstudies were
restricted to acid levels of > ca. 500 ug/m3 which is about an
order of magnitude higher than the highest ambient air unitric acid
levels expected. The present study extended this work deown to
165 pg/m? as measured with Duralon filters, and includsd clean
filters intended for sampling total particle-phase acids, as well
as pre-filters for HNCj; measurement with and without atmospheric
particulate matter. Flucropore filters were included to permit
comparison with prior work. Filters were refrigerated at 5°C
following exposures until Immediatelir prior to extraction to
minimize desorption.

The results given in Table 18 show about 2% retention of H‘IO3
on clean Teflon Tilters except for Zeflusr at > 500 ug/m HNO4,
Acid-treated gquartz exhibited higher but variable retention
relative to Teflon filters. The <ffect of particuiate addition
was to sharply increase the nitric acid retained.

We conclude that Teflon filters are preferable for use as pre-~
filters in sampling nitric acid on nylon or ¥aCl/WLhl. The enheance-
ment of HNO; retention on Fluorcpore filters by particulate matter
suggests -that filter changes be made as frequently as possible.

.

Comparison of Hitric Acid Sampling Methods

To compare filter methods for nitric acid, 47 mm Duralon and Chia
nylon filters and NaCl-impregnated Whatman 41 filters were expose
side-by-side with ca. 200 to 500 ug/m3 HEC, at 50 or 80% relative
humidity and at 10 and 20 lpm {Table 19). To evaluate the methods
under simulated field sampling conditions, the Duraleon and NaCl/Whi
filters were mounted in Nuclepore double filter holders with Zefluor
pre-filters. In an effort tc ascess wall 1oss in the double filter
holders, these were washed with distilled water and analyzed for

nitrate following each exposure. The two runs at 50% R.H. employed

Lg
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Table 18

NITRIC ACID COLLECTION ON "INERT" FILTERS AT 50% R.H. (ug/m3)®

HNO; Concentraticn (pg/m3)
Filter 165 + 5 557 + 117
Fluoropore (Teflon) 2.9 + 0.6 8.9 + 0.
Zefluor (Teflon) 3.6 + 4 33 %12
Acid-treated Quartzb 16+ 14 1L7¢
Fluoropore + 23 m? air sample LT+ 31 56+ 3C
Gelman GA-1 (cellulose acetate) 3% 0+ 7 57 + 30

a. Except as noted, samples exposed for 6 hours at 21 + 1°C end 22 lpm.

Flow rate 37 lpm to match fac

[
w;

¢. Single value.
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COMPARISON OF METHODS FOR NITRIC ACID DETERMINATION (as ug/m3 NO

Exposure
Sampler

Duralon filter
NaCl/Whl filter
Ghia nylon filter
Zefluor pre-filter

Duralon after~filter
Holder

Zefluor pre-filter
NaCi/Whl after-filter
Holder

a. All samples stored at room temperature following HNC

b. Pre-filter pre-loaded with atmospheric particulate sampling 4 hours at 16 lpm.

Conditions:

Table 19

)

80% R.H.
at 5x10? yg/m3 HNO,

10 1pm 20 lpm

50% R.H,

at 2x102 ug/m3 HNO3
10 lpm 20 lpm
157 + 15 154 + 28
190 + L 182 + 11
178 + 23 148 + 28
0.7 + 6.7

—— 130 + 31
3.5 + 0.4

L =134+ 31
0.5 + 0.3

— 128 + 56
6.7 + 2.7

I =135 + 56

3

3
80% R.H.
at 3x102 ng/m3 HNO4
10 1lpm 20 lpm
28} 279
b2 331 + 2
285 276
Ly
_— 236
4.5
L 285
25°
— 233
5
T 262
exposure.

by about 10% to allow for estimated level of atmospheric nitrate.

569 >e2
5T 5k8 + 51

hoo 476

3u°
— 153

.
5.6

E 193

Lo

Value corrected



clean Zefiuor filters while those at 807 R.H. were done with filters
pre-loaded with atmespheric varticulate matter. In all cases, samples
were maintained at room temperature following exposures to simulate
field sampling conditicns.

From the results in Tabie 19 it is concluded that:

1. There was no significant effect of a change in flow rate, in the
range 10 to 20 lpm.

2. Duralon (Millipore Corp.)} and Ghia Corp., nylon filters are
equivalent except at HNO5 concentrations > 500 ug/ma.

3. Although Duralon and Ghia nylon filters showed no flow rate
dependence, bhoth gave lower nitric azcid recoveries as compared
to NaCl/Whatman 41 (average 21% lower at < 500 ug/m3 HNO4).
L. Nitric acid recovered from the filter pairs plus holder at > 500 ug/m3
was less than that recovered by the corresponding single filiter.
Below 200 ug/ma HNO3 the agreement was within experimental error,
however. The results suggest that adsorbed HNO3 on the pre-filter,
particulate matter or filter holder may iz lrst before extraction
of nitrate can he accomplished. Heating the 2-filter sampler to
desorh HNO; from che pre-filter and walls to permit its transfer
to thz collecting filter (as employed by Ckita%®) may overcome this
problem.

5. The level of nitric acid retained on the Zefluor pre-filters
bearing particulate matter was greatly in excess of that without
particulate matter, making adsorption on., or reaction with the
particulate matter likely. However, adsorption on clean Zefluor
was determined at 50% relative humidity. Since adsorption of HAO
on clean Zefluor is expected to be somewhat greater at 807 R.H.,
no quantitative assessment >f HNO3+ particulate interaction can be
made from these data.

The lower nitric acid recoveries from nylon compared to NaCll-impregnated
filters suggested lower collection efficiencies with the nylon filters,
To evaluate collection efficiency more direetly, a clean nylon and a
NaCl-impregnated filter were each paired with a clean HaCl-impregnated
after-filter. The percentage of the total recovered nitric acid which
was on the first filter in series provided a measure of its efficiency.
The results for NaCl on Whatman 41 were 97.L4 + 1.47% at 50 and 807 R.H.
sampling 220-350 ug/m3 Hil03 for 6 hours at 20 lpm. For the same con-
ditions Duralon nylon filters showed 58.7 :_9.1% efficiency.

The efficiency of a Duralon filter for collection of 220-35C ug/m3 HINO4
for ca. 60 minutes at 1 1pm was evaluated by adding the filter to

the sampling line of a Teco chemiluminescent NOyx analyzer. The total
signal, representing the sum of Hi04, NO,, and NO, was reduced to

< 2.9% of its original value. Thus the efficiency of the rilter for
HNO3 removal was > 97.1% under these conditions. Accordirgly, the
efficiency of nylon filters appears to increace with decreasing total
nitric acid sampled. The very low flow rate of the Teco might also
increase efficiency to some degree.
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IX. EVALUATICN oF A DENUDER FCR AMICNIA REIOVAL AND OF OXALIC ACID IMPREGNATED
PILTERS ¥OR AMMONTIA SAMPLING

A. Experimental Technigues

The field studies emploved an ammonia denuder on the inliet to a lo-volume
filter sampling unit. This was incliluded in an effort to eliminate the
neutralization of collected sulfuric acid particles by atmospheric
ammonia. The denuder was patiterned after that developed by Stevens

and Dzubay.gj It consists of an array of parallel glass tubes Torming

2 laminar Tiow element which is ccated on the inner surfaces with fused
phosphorous acid., Gases diffuse to the walls of the denuder much more
rapidly than aerocsols which permits remcval of ammonia with minimal
losses of particulate matter.

The theoretical basis for denuder design was obtained from the solution
of the steady state mass diffusion equation governing the concentration
of particles within a fiuid moving in a circular fube, 49 For laminar
viscous flow:

% = 0,82 exp(-154) + 0.098 exp(-89A) + 0.033 exp(-2284)
o
where A = DLI/4§ and
D = diffusion coefficient (cm?/sec) For NH3, D = 0.4

L = total length of tube (cm)

Q@ = flow rate through tube {cm3/sec)
C, = concentration entering tube
c = average concentration exiting tube

(1 - EYCO) x 100 = percent removal

This expressicu is valid if the Reynolds nimber is kept below 2000 to
prevent turbulent flow.

Based on this desizn, at 997 ammonia removal, < 6% of an 0.01 um

aerosol of density 1.0 should be lcst to the tube walls for these flow
rates., It should be noted that tube diameter i1s not critical as long

as the Reynolds number is maintained below 2000. The total tube length
is independent of tube geometry. Accordingly, the most compact denuder
configuration ccongists of an array of shorter parallel tubes, the sum

of whese lengtihs yield the desired total tube length. This configuration
has the additional advantage ¢f minimizing the flow turbulence in tae
denuder system. Table 20 lists the optimum denuder tube configuraticns
for three flow rates and the corresponding Reynolds number,

A 1}
(V3]
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Tsble 20
Denuder Tube Configuraticn

Total Tube®

Flow rate® Length Required Tube Conf‘igurationb Reynolds
(/min) (cm) No. Tubes @ 30 cm Length Number
15.9 256 9 480
22.0 350 12 460
37.L 600 20 k8o

Flow rates 15.9 and 37.4 ¢/min correspcnd to face veloecity of a
hi-vol sampler at L2 CFM scaled to 25 mm and 47 mm filters,
respectively. 22 i/win is the maximum flow rate to be used
with the ATHL cyclone.

Tubes are 0.6 cm inner diameter.

Total tube length Sor 99% NH3 removal.



For evaluation ¢of the ammonia denuder as well as atmosvheric sampling.
a technique for gas phase ammeonia was reguired. The procedurs used

. e o g 1
was modification of a technique descrited by Richards et al.=l

4

Gelman AL glass fiber filters werse washed with C.1N ECl,air dried

aend then heated for 4 hours at 400°C. To 47 mm filter discs was

added 0.7 ml of a freshly prepared 5%w oxalic acid in ethanol solution.
The solvent was evaporated under N».

B. Results

The ammonia denuder was evaluated for use at a Tlow rate of 22 lpm by
sampling air containing approximately 100 ppd ammeonia for two six-hour
periods at 50% R.H. and at 20-90% R.H., resvectively. Downstream of
the sampler the smmonia penetrating the denuder was collected on an
oxalic acid impregnated Jeiman AE glass fiber filter (0AE}. The
amonia level upstream of the denuder was measured by two sets of two
CAE filters in seriec. Thils design permitted measurement of the
efficiency of the ammonia denuder as well as the efficiency of the QAE
filters for NHy cellection, and the precision of the NH3 determination.
The filter samplers provided an integrated sample for the six-hour
period. In addition, three midget impingers in seriez containing
0.1N h,80, were used to collect 2 or 4, one hour IH3 samples upstireanm
cf the denuder th.cvghout the six~-hour runs for comparison with the
OAE filter results.

Following collection, the ammonia was determined as NH3 using the
indorhenol blue proc

+
R i
indophenol procedure.32*% Pilter storage was < 48 hours prior %o

Qredure 3T% Hlitoer storage wag < 40 nours nrior
extraction and analysis.

"i

The OAE filter blank for NH,% was 1.0 + 0.7 ug/rfilter (n = k).
Accordingly, the limit of detection for NHj, as NHu+, is considered
2.4 pg/filter (i.e. the mean blank + 205 of the blank). The efficiency
of single OAE filters for ammonia collecticn, shown in ma’b“e 21, is
based on the total NH,Y ret alned by two filters in series. With the
ammonia level used, ca. 75 ug/m (107 ppb), the efficiency for a
single filter was > 98%.

Results for the Cenuder evaluatinn are given in Table 22 indicating

> 99% ammonia removal. Assuming this eff1c1ency to be relevanu at a
more typical ambient concentrations, uv/m , then 0.03 ug/m HHa
would penetrate tc the filter coll Ctlug sulfuric acid. This con-
centration is sufficient to convert up to 0.09 ug/m3 Ho80y to NHyH3O04.

*A comparison of the indophencl blue procedure to the automated methylthymol
blue sulfate method3? in analysis of (WH,),S0, is given in Appendix D. The
coefficient of variation of the indophenol blue procedure was previously
determined to be 5%..40
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Table 21

Efficiency of Cxalic Acid Impresnated Zelman AE Glass Fiber Filters for
Ammonia Collection with Approximately 75 ug/m3 NH42

Efficiency for Single Filter (7P

Relative Humiditr (%) Set 1 Set 2
50 98.1 99.3
80-90 99.1 97T.7

a. Sampling rate 25 lpm.

b. The fraction of the total ammonia obtained on the first filter
compared to the total ammonia retalned by the two filters in series.
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Table 22

Efficiency of the Ammonia Denuder at 22 1pma

. . b
Ammonia Concentration

Relative (ug/m3) Ammonia Penetrating Efficiency of R
Humidity (%) Filter Set 1 Filter Set 2 Impinger Denuder {pg/m3) NH: Removal (%)
50 96 57 62 + g% 0.47 99.3
80-90 70 73 9L + 574 0.51 99.3

a. Sampling time: 6 hours, 20°C.

b. Filter samplers operated at 25 1lpm and the impingers, at 1.0 Ipm, Results are for total ammonia
retained in each set of two filters in series.

¢. DBased on mean of three determinations of upstream concentration.

d. Six hour mean values estimated from 3-4 one hour bubbler samples collected with three midget impingers
in series.



C. Stability of H,80, on Filterz in Particle and Ammonia Free Air*

While it, was shown that the NHj3 denuder could remove > 99% of the
ammonia in an air stream containing about 100 ppb (70 ug/m3} NH4,
it was desirable to evaluate the stability of sulfuric acid on an
inert filter protected with such a denuder, =z2s well as a pre-filter
to remove particulate matter. For this purpose, Berkeley ambient
air was passed through two Hp50. loaded-Zefluor filters at cne time
at 22 lpm. FEach filter contained 60 to 80 pg HpSG, (< 3 um particle
size). Both Zefluor filters were preceded by Gelman A (pH = T7.6)
glass fiber filters tc remove particulate matter. In front of cne
stacked filter pair was a c¢yclcne to remove particles > 2.5 um and
a NH3 denuder in series. The second stacked filter pair sampled
ambient air directly.

Results for recovery of K,S0, after two six~hour sampling trials are
given in Table 23. Recovery of HyS50, by benzaldehyde extraction
averaged 16% and 38% for two trials. By titration, recovery of the
acid was zero in one case and averaged U5% in the second. Ambient NHgj
levels were not measured during these trials but prcbably were

2-5 ug/m3 based on Pittsburg, CA, results.

The remarkable feature of these results is that the denuder had no
significant effect on the recovery of HpSO, or HY. Assuming the
observed denuder efficiency for NH3 removal extends to ambient
concentration, ambient NH, cannot account for the acid loss. However,
a decrease in denuder efficiency to 50%, with an average NH3 level of
5 ug/m?, would provide sufficient NH3 to meutralize all of the acid
present, assuming 100% efficiency for the reaction. Alternatively.
NH NO 3 may decompoce to NH3 + HNOj or the Gelmen A pre-filter, with
neutralization of the H,50, by NH3. Since aimosnpheric sampling for
HpSC, with the denuder is dcne without a pre-filter, the above
mechanism would have to take place on the same filter bearing the
Hy5C0y,. Thus this experiment mwight not be relevant to field sampling
conditions.

Further studies are needed to determine the cause of H,504 locss in
this experiment and to evaluate its relevarce to atmospheric sampling.

*This experiment was suggested by Willard Richards, Rockwell International.
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Table 23

Stability of < 0.3 um H;S04 Aerosol on Zefluor Filters in Particle Free Ambient Air
Using an Ammonia Denuder and Gelman A Pre-filter

ug HoS0y Loaded ug Hy80, Recovered by ng HoS80, Recovered by Percent Recovery

Trial Filter (as 50,%) Benzalcdehyde {as 50,%) H* Titration® (as 50,~) @CHO Titration
1 A (with denuder) - 8k.0 11.0 0 13 0
B 59.2 10.8 0 18 0
2 C (with denuder) 6h4.2 20 32 31 50
D 72,4 33.5 28 46 39

8. Results corrected for filter blank = -4.2 + 1.b ug/U7 mm filter.
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FIELD SAMPLING STUDIES

A, Preliminary Trials - Berkeley

1.

Introduction

As a preliminary trial, a 24%-hour, a 90-minute and a 5-hour
™

roani rahl novtd n1\1n+a wa wnl aamnla vava Aanllanta’d n
PSRyt Ep 410 L8 pal vl i=Vo4 GALMAT wTlC COLLECTEL 1In

s
the 90 min. sample during an early morning foggy period. In
all cases acid-wash guartz filters were used without an NHj3 denuder.
The results are discussed in relation to possible interference
effects.

alasr
WSSy 9

o

Results for 24-hour Samples

Two 47 mm acid-washed quartz discs from the 2h-hour hi-vol
respirable particulate matter sampler were analyzed for H,S50, and
strong acid. Resulis by *the benzaldehyde extraction technique
vere below detectable levels. The results by titration, 0.51 + .16
pequivalents HY/filter correspond to an H,S0, level of 25 + 8
pg/filter or to a concentration of NH,[S0, of 59 + 18 QS/Lllte

The absence of H,50, by kenzaldehyde extraction and the demonstration
of relatively rapid reaction of H,30, with atmospheric particles
forming = species which still titrates as a strong acid, suggests
that NH,HSO, accounts for the observed results. The 2h-hour
average atmospheric concentration of strong acid from this sampie

~ N N Ny - 3 ~ N - kel 1r e
was 0.007 + 0.002 wequiv/m® (C.4 + .1 ug/m® as HoSO04).

Water-soluble iron would be another source of strong acid by the
titrimetric method. Accordingly,35 cm? of the 2k-hour loaded filter
sample was extracted witl: water and the extract analyzed for Fe by
atomic absorpticn. The resuits indicated 10 + 1 ug Fe/35 em?.
Assuming the Fe to be exclusively Fe¥3 this emount of iren would
titrate as 0.0025 pequiv acid/m3. Thus iron could represent as
much as 36% of the 0.007 + .002 uequiv/m3 total strong acid
observed. '

Results with Short Term Samnles

A 90-ninute hi-vol respirable particulate sample ccllected on quartz
fiber during an early morning foggy period gave neg¢1%1ble HoS5Cy but
measurable strong aC¢dltJ by titration, 0.03 uequiv/m This
corresponds to 1.5 ug/m? expressed as HyS04.

A 5-hour hi-vol respirable particulate sample collected between

1000 and 1500 hours on guartz fiber alsc yielded negligible HpSO4
and 0.03 uﬁqulv/m strong acid corresponding tc 1.6 ug/m®, expressed
as Hy80.

B. Trials in Pittsburg, CA

Samples were collected for thre= consecutive days in February 1979
at the Pittsburg station of the Bay Area Alir Quality Management
District. The strategy for cample collection and analysis is
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shown in Table 24. Tn addition, the BAAQMD supplied ozone, S0-

(by coulometry)., wind speed and directior data. Diurnal variaticns

for gaseous pollutants and meteorological variables are included
in Appendix T.

Ammonia was sampled on oxalic acid-impregnated Gelman AE glass
fiber fiiters following a Gelman A glass fibep1preufilter using
a technigue similar to that of Richards et al.?L Filter changes
were made at the same times as Tor the respirable particulate
hi-vol sampler. Ammonia was monitored since, together with the
concentration of nitric acid, it may determine the level of
particulate nitrate observed.

To minimize loss e¢f nitric acid and ammonia by adsorpticn on pre-
filters and filter holder surfaces, heated air was passed through
the nitric acid and ammonia samplers following each sampling period.
The procedure followed is described in Appendix F. TFollowing
collection the hi-vol samples were stored in Saran wrap-lined
manila folders inside sealed plastic bags at rocm temperature.
The remaining filter samples were stored in plastic illipore
boxes in sealed plastic bags at rcoom temperature.

The results, expressed as both ug/m3 and uequivalents/mg, are
included in Tables 25 to 30.

Ho80, and Total Particulate Acidity

All H»80, results on the quartz fiber samples and most of these
on Zefluor were below limits of detection (typically 0.L yg/m3
for the short term samples). Higher levels of sulfuric acids
coincided with maxima in H' concentration by titration. The
highest sulfuric acid value found, 0.6 pz/m3 (0.012 pequiv/m?)
included a time period on February 8 in which a white plums, more
persistant than steam, was visible from the PG&E power plant

1/h mile to the north. During most of this pericd the wind came
from the north.

Diurnal variations in S0, concentration zlso corrvelate with wind
direction; most elevated 50, values occurred with wind coming from
the NW to NE gquadrant, consistent with the nearby power plant as
the predominant source.

As with the Berkeley samples, an evaluation was made of the extent
of possible interference by Fet3d in totel acidity measurements.
For this purpose, two quartz filter samples from each sampling
day representing the maximum and typical aridity levels for that
period, were analyzed for total water soluble iron by flame atomic
absorpticn. All results were at or below the limit of detection.
Accordingly, the Fe+? concentration upper limit was 0.04 to 0.09
ug/m3. This corresponds, in turn to 0.001 to 0.0G3 uequiv/m3 H*
or atout 10% of the observed acidity, which is not significant.
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Sampler
Respirable (< 3.5 um)
Hi-vol sampler (40 cfm)

Respirable (< 2.5 um)
Lo-vol sampler (22 lpm)
with NH3 denuder

Ammonia

Nitric acid
Nitric acid
Meloy SA-160

TECO 1kB

Environment 1

Table 2k

Sampling Strategy for Pittsburg Samples

Collection Medium

Acid-washed
Pallflex 2500QA0
guartz fiter filter

1 um pore size Zefluor
filter (Ghia Corp.)

Oxalic acid on Gelman
AE glass fiber with
Gelman A pre-filter

NaCl-impregnated
Whatman b1 with
Zefluor pre-filter

Nylon (Duralon)
1.2 uym filters with
Zefluor pre-filter

Samples
per 24 hr

6

Continuous
Continuous

Continuous

Species Determined

+ - = +
HoSO4, H , NO3~, SO, , NHj

+
H,50,, H , 804

NHj_
NO3~ {pre-filter)

HNO3 as NQ3~
)3 , SO0, (pre-filter)

HNO3 as NQj3
NO; , 80, (pre-filter)

Condensation nuclei



Table 25

Analysis of Zefluor Respirable Particulate Samples
(with NH3 denuder) from Pittsburg, CA (ug/m3)

February 5, 1979 February 6, 1979 Tebruary 7, 1979
= = a =
Time g H,50, SO0,  H'° H,S0, S0, H' H,S0, S0,
06-1k4 <0.8 <o0.7 =P 0.6+.1 N.D. 1.3 <ok <o0.b k.2
1h-22 < 0.b 0.5+.1 L9 <o0.k < 0.3 2.k 1.1+.1 0.6+.1 4.6
22-06 < 0.b < o0.L L.o <o.b <0.b L.1 0.7+.2 0.5+.3 7.7

Ac 1)
Fat=l

o

b. Filter plugged during run
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Table 26

Analysis of Zefluor Respirable Particulate Samples
(with NHy denuder) from Pittsburg, CA (uequiv/m3) x 102

February 5, 1979 February &, 1979 February 7, 1979
Time 4l H, 50, 0, q H,80, S0, @ H H,S0, SO,
06-1h < 1.6 < 1.4 a 1.2+40.2 N.D. 2.8 <0.8 < 0.8 8.8
14-22 < 0.8  1.040.2 10 < 0.8 < 0.6 5.0 2.240.2 1.2+0.2 9.6
22-06 < 0.8 < 0.8 8.k < 0.8 < 0.8 8.6 1.k0.h 1.0+0.6 16

a. Filter plugged during run.
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Analysis of Acid-Washed Quartz Respirabhle Part ples from
Pittsburg, CA (ug/m?)
February 5, 1979
Time B H,50,, 50, o No3™¢ va, T¢
06-08 0.8+.3 < 0.3 2.87 10.7 6.5
08-10 1.6+.3 < 0.4 5.78 13.0 10.5
10-1L 0.7+.2 < 0.2 3.36 10.9 5.6
1430-1830 0.6+.2 < 0.2 1.34 1.01 1.5
1830-2230 0.7+.2 < 0.2 2.73 3.9L 2.7
2230-0630 0.45+.1 < 0.1 1.35 1.3k 1.2
February 6, 1979
0630-0830 < 0.6 < 0.3 1.48 0.7k 1.0
09-11 1.1+.4 < 0.3 1.67 0.75
11-15 0.5+.2 < 0.2 1.55 0.49
15-19 0.5+.2 < 0.2 1.23 1.19 o]
19-23 0,5+,2 < 0.2 1.33 1.47 1.h
23-07 0.5+.1 < 0.1 1.L40 0.88 0.8
February 7, 1979
07-09 1.0+.3 < 0.3 -— 1.7h 2.0
09-11 1.6+.k < 0.3 1.39 2.25 2.8
11-15 1.0+.2 < 0.2 2.13 3.67 2.h
1530-1930 1.5+.2 < 0.2 2.58 k.50 2.8
1930-23 1.2+.2 < 0.3 2.5u4 T.49 6.0
2330-0730 0.5+.1 < 0.1 6.53 14.6 6.4

a. Expressed as HpS04.

b. Precision using the ATHL microsulfate method was + 10-15% in the range of
these samples.

¢. Precision using the automated Cu-Cd reduction, diazotization procedure
was estimated as + 25% in the range 0.5 to 0.75 ug/m3 and < 10% at > 1 ug/m3.

d. Precision by the indophencl blue method.
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Table 28

Analysis of Acid-Washed Quartz Respirable Particulate Samples from
Pittsburg, CA (pequiv/m3?) x 102

February 5, 1979

Time H Hy80y 50, NO3~ NHy
06-08 1.6+0.6 < 0.6 5.97 17.3 36
08-10 3.340.6 < 0.8 12.0 21.0 58.3
10-1h 1.440.4 < 0.k 7.00 i7.6 31
1430-1830 1.240. 4 < 0.k 2.79 1.6 8.3
1830-2230 1.440.4 < 0.4 5.69 6.4 15
2230-0630 0.9+0.2 < 0.2 2.81 2.2 6.7
February €, 1979
0630-0830 < 1.2 < 0.6 3.08 1.2 5.6
09-11 2.2+0.8 < 0.6 3.L8 1.2 12
11-15 1.0+0.4 < 0.4 3.23 0.8 6.1
15-19 1.040.L < 0.h 2.56 1.9 5.6
19-23 1.0+0.4 < 0.h 2.77 2.4 7.8
23-07 1.040.2 < 0.2 2.92 1.4 L.k
February 7, 1979
07-09 2.0+0.6 < 0.6 -— 2.8 11
09-11 3.3+0.8 < 0.6 2.90 3.6 16
11-15 2.0+0.4 < 0.k L. Lk 5.9 13
1530-1930 3.1+0. 4 < 0.k 5.38 7.2 16
1930-23 2.4+0.14 < 0.6 5.29 12.1 33
2330-0730 1.1+0.2 < 0.2 13.6 23.5 36
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Table 29

Analysis of Nitric Acid and Ammonia Samples from Pittsburg,CA (ug/m3)

Time

07-09
09-11
11-15
15-19
20-24
2k_08

Time

06-14
1430-2230
23-07

07-15
1530-2330
2408

08-16
16-2k
24-08

February 5, 1979

Ammonia Sampler
February 6, 1979

February 7, 1979

a. Results suggests leakage around poorly fitting prefilter.
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Prefilter NHj as Prefilter NHj3 as Prefilter NH3 as
NO3~ NH,* NO3- NH, Yt NO3~ NE, Y
16.3 9.96 1.2 L.00 L.s7 3.3k
23.5 13.3 1.8 2.9L4 _— _—
16.4 6.35 3.1k 0 9.19 2.98

6.16 3.19 4,67 3.32 11.5 3.80
7.58 9.Lk9 h.15 L,25 16.0 6.08
2.03 3.75 2.20 1.59 19.2 1h.h
Nitric Acid Samplers
February 5, 1979
Prefilter _ NaCl/Whl _ Prefilter _ Duralon Nylon
NO3~ S04 HNOs{as NO3 )  NO3~ SO, HNOz(as NOj3™)
13.0 3.54 2.22 14,1 3.65 3.27
5.86 1.95 3.75 2.83 1.82 3.28
1.71 1.54 0.90 1.67 1.56 0.91
February 6, 1979
0.39 1.08 1.71 0.46 1.07 1.47
-— _— 1.02 2.53 1.62 1.03
1.83 1.57 0.72 1.38 1.36 0.79
February 7, 1975
5.08 3.03 2.61 L. 7h 3.10 2.63
10.7 3.12 3.85 1c.1 2.99 a 3.99
18.9 3.88 3.49 10.7 (7.65) (9.05)



Table 30

Analysis of Nitric Acid and Ammonia Samples from Pittsburg,CA (pequiv/m3)x 102

Ammonia Sampler

Time February 5, 1979 February 6, 1979 February 7, 1979
Prefilter NHj3 as Prefilter  1iHj as Prefilter  NHj3 as
NO;~P NH,* NO5- N, * NO3~ NH,*
07-09 26.3 55 1.9 22 7.4 19
09-11 37.9 74 2.9 16 — _—
11-15 26.5 35 5.1 0 1h.8 17
15-19 9.9 18 7.5 18 18.5 21
20-24 12 53 6.7 2k 25.8 34
24-08 3.3 21 3.6 9 31.0 80

Nitric Acid Samplers

February 5, 1979

Time Prefilter’ _ NaCl/Wil _ Prefilter _ Duralon iylon
NO3_ SOL‘, H:NOa(a.S NO3 ) NO3_ SOQ HNO3(&S NOa_)

nE-14 21.0 T.78 3.6 22.7 T.60 5.3

14306-223C G.5 4,06 6.0 L.6 3.30 5.3

23-07 2.8 3.20 1.5 2.7 3.2h 1.S

February 6, 1979

07-15 0.6 2.24 2.8 0.7 L. 6 2.4

1530-2330 _— — 1.6 b1 3.38 1.7

2h-08 3.0 3.28 1.2 2.2 2.84 1.3
February 7, 1079

08-16 8.2 6.32 4.2 7.7 6.46 L.2

16-2L i7.3 6.50 6.2 16.3 6.72 6.k

2408 30.5 8.08 5.6 17.3 16.08 1k.6e

a. Results suggest leakage around poorly fitting prefilter.
b. Gelman A glass fiber.

c. Teflon (Zefluor) membrane.
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Effectiveness of NH: Denuder

Since the lo-vol respirable particulate samplers were prece
an ammonia denuder, the higher H{,30, levels observed on Zefluor
filters compared to results on the guartz hi-vol respirable
particulate samples might be ascribed to the denuder. However,
the Berkeley atmosvheric samples previously described, which were
collected without a denuder, as well as the spiked quartz and
Zefluor filters bearing atmospheric particulate matter showed
similar trends. Thus, there is no clear indication from the
Pittsburg findings that the denuder was useful.

Nitric Acid, Ammeonia and Comparison of Diurnal Patterns

Nitric acid values ranged from 0.7 to 4.0 ug/m3 with excellent
agreement between results with NaCl/Whl and Duralon filters (ratio
of means nylon/NaCl filter = 1.0k, n = 8). Ammonia levels ranged
from 0 to 13 ug/mS.

To evaluate the internal consistency of the results and to identify
sources of strong acid, diurnal variations of particulate HY, NO;5~,

S04~, NHL,* and gaseous un3 and HNO3 are shown in Figure 7, in units
of uequlv/m NH3 and 1 VHq show very similar diurnal patterns with

maxima at approximately 12 hour intervals. These results raised
suspicions that the acid-washed quartz filters were trapping NHj.
However, as described in Appendix G, a control experiment placed
the limit of collection of NHy on these filters at < 10%.

The collection of nitric acid by adsorption on the filter samples
could contribute to the total particulate acidity. Comparison of
diurnal variations of HNO3 and particulate #* shows only moderate
correlation, however.

Ammonium i1s present in substantial excess relative to the sum of
NO3~ and S0,” and is about a factor of ten more abundant than HY

in these particulate samples at the time of analysis. We conclude
that the source of strong acid in these samples is probably NHLESO4,
primarily, with adsorbed HNI0O3 a possible minor contributor.

Concerning the relationship between particulate nitrate, NH; and
HNO5, diurnal variations do not suggest a strong negative correlation
between NHj3 and HNOj3 as required by the equilibrium discussed in
Section IC. However, the level of NH; and HNOj were sufficiently
low such that saturation with respect to NH HNO3 would generally

not have occurred based on an assumed equilibrium constant of

30 (ppb)?

Bvaluation of a Glass Fiber Filter as a Total Nitrate Sampler

Harlier studies suggested that nitric acid rather than NO, was the
dominant source of artifact particulate nitrate in atmospheric
sampling.llAccordingly, it was considered likely that the observed
particulate nitrate on a glass fiber filter would be eguivalent to
particulate nitrate plus nitric acid nitrate (i.e. total nitrate)
as measured by the Teflon (Zefluor) pre-filter—nylon {or NaCl/wll)
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Figure 7
DIURNAL VARIATIONS FOR AEROSOL CONSTITUENTS, NITRIC ACID AND AMMONIA
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sampler. For this reason Gelman A glass fiber pre-filters to
the NH3 sampler were analyzed for nitrate. To permit comparison
of these nitrate resul%ts to those on the Zefluor-nylon (or
NaCl/Wbl) sampler, S-hour average nitrate values were calculated
from the 2 or 4-hour Gelman A samples. Table 31 includes these
values together with those for Zefluor filter nitrate, nitric
acid, and their total (as NCO3~). Zefluor filter results are
mean values for two filters sampling simultaneously for 8 hours,
and the nitric acid results, means for samples collected on
nylon and NaCl/Whl. The ratio of means, Gelman A nitrate/total
nitrate is 0.97. Thus, at least under conditions of relatively
low nitric acid lewvels, the Gelman A glass fiber filters
approximated a total nitrate sampler. Nitrogen dioxide, which
was present at about 0.02 ppm (40 ug/m3) throughout most of the
sempling (Appendix I}, did not appear to influence the level of

artifact nitrate,
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Table 31

COMPARISON OF NITRATE ON GELMAN A GLASS FIBER FILTERS WITH TOTAL NITRATE (ug NOj3 /m3)

Approx. Time Prefilter Nylon and NaCl/Whl _ Gelman A
__Period NO4 HNO; as NOg Total NOj NO 4

06-1h 13.55 2.75 16.3 18.2

Feb. 5 1430-2330 L.35 3.52 7.86 6.87
23-07 1.42 0.91 2.33 2.03

07-15 0.43 1.59 2.02 2.32

Feb. 6 1530-2330 2.53% 1.03 3.56 L.kl
3 2408 1.61 0.76 2.36 2.22
08-15 h.91 2.62 7.53 7.65

Feb. 7 1530-2330 10.4 3.92 14.3 13.8

2330-0730 18.9% 3.ho* 22.4 19.2

Ratio of Means: Gelman A/Total NO3 = 0.97

#Value from only one filter.



XI. REFERENCES

1.

2.

10.

[l
'_.I

13.

15.

[
O\

17.

18.

R. J. Charison et al, Bcience 184 15

(o0

(197%).
J. J. Huntzicker et al, Atmos, Environ. 12 83 (1978).

D. B. Kittleson et al, Atmos.Environ. 12 105 (1978).

R. B. Husar and J. D. Husar, Atmos. Environ. 12 89 (1978).

W. G. Coburn

e Je (R34 )

Federal Register, 36 (24) 2L892, December 23, 1971.

P. S. Mudgett, L. W. Richards, and J. R. Roehrig, " New Technique to
Measure Sulfuric Aiecd in the Atmosphere," in Analytical Methods Applied
to Air Pollution Measurements, R. K. Stevens and W. F. Herget, Eds.
(Ann Arbor Science Publishers, Inc., Ann Arbor, MI, 197L).

L. Newman, Atmos. Environ. 12 113 {1978).
D. F. Miller and C. W. Spicer, J. Air Poll. Cont. Assoc. 25 940 (1975).
T. Okita et al, Atmos. Environ. 10 1085 (1976}.

B. R. Appel et zl, Effect of Environmental Variables and Sampling
Media on the Collection of Atmospheric Sulfate and Nitrate. F[Final
Report to Air Resources 3Bocard, Contract No. ARB 5-1032.

21
._J.‘

la} [akele )]
L7 \NAFIT /-

—

2
=

Lo
-
<
-
H
Q
5
b

A7 o =7 A
b, nh. AppeL €v ai, A

E. C. Tuazon et al, "Measurement of Ambient HNO3 in the California
South Coast Alir Basin by Kilometer Pathlength Fourier Transform
Infrared Spectroscopy. Presented at EPA Workshop on the Measurement
of Atmospheric Nitrates, Southern Pines, NC, October 1978.

R. K. Stevens, Current Methods tc Measure Atmospherie Nitric Acid
and Nitrate Artifacts, EPA-A00/2-79-051 (1979).

J. Forrest et al, Determination of Atmospheric Nitrie Acid with

NaCl-impregnated Filters at igh Volume Flow Rates, EPA Workshop
on the Measurement of Atmospheric Nitrates, Scuthern Pines, NC,

October 1978.

C., W. Spicer, Measurement of Gaseous Nitric Acid by Electrochemistry
and Chemiluminescence, EPA Workshop on the Measurement of Atmospheric
Nitrates, Southern Pines, NC, October 1978.

T, J. Kelly, D. H. Stedman and G. L. Kok, FPreliminary Measurement of
H,0 and HNOj in Rural Air. Submitted for publication to Geophysical
Research Letters (1978).

A. Lazrus, Nitric Acid Measurements in Western USA. Presented at EPA
Workshop on the Measurement of Atmospheric Nitrates, Southern Pines,
NC. OctoLer 19078

C, OctolLer 1974,
R. J. Hare et al, Gas Chromatograpnic Measurements of Nitric Acid,
EPA Workshop on the Measurement of Atmospheric Nitrates, Southern
Pines, NC, October 1978.

T3



XI. REFERENCES (continued)
19. D. F. Miller and C. W. Spicer, Air Psll. Cont. Assoc, 25 940 (1975).
20. E. C. Tuazon et al, Atmos. Environ. 12 865 (1978).

21. J. Seinfeld et al, A Note on the Eguilibrium Relationship Between
Ammonia and Nitrie Acid and Particulate Ammonium Nitrate, unpublished

o~y

(1978).

22. R. K. Stevens, private communication, (1978).

23. A. B. Harker et al, Atmos. Environ. 11 87 (1977).

24, W, R. Pierson et al, EPA Workshop on the Measurement of Atmosrvheric
Nitrates, Southern Pines, NC, October 1978, and private communication,
1978.

25. D. W. Joseph and C. W. Spicer, Anal. Chem. 50 1L0O (1978).

26. P. W. West et al, J. Air Poll. Cont. Assoc. 2L 671 (197k).

27. D. Leahy et al, Atmos. Environ. 9 219 (1975).

28. E. M. Hoffer, E. L. Kothny and B. R. Appel, Atmos. Enviren. 13 303 {1979).

29. R. L. Tanner et al, "Separation and Analysis of Aerosol Sulfate Species
at Ambient Concentration Levels' presented at 1st Chem. Congress ot

North American Continent, lexico City, December 19675.

30. W. J. Barrett et al, "Development of a Portable Device to Collect
Sulfuric Acid Aerosol" EPA Report 600/2-77-027 (1977).

31. Eatough et al, The Use of Benzaldehyde as a Selective Solvent for
Sulfuric Acid: Interferences by Sulfate and Sulfite Salts. Submitted
for publication to Environ. Sci and Technol., November 1577.

32. C. Askne and C. Brosset, Atmos. Environ. 6 695 (1972).

33. C. Brosset, "Determination of Air-Borne Acidity with some Examples
of the Role of Acid Particles in Acidification", IVL Publication
B226 (1975).

34. (. Askne "Method of Determining Strong Acid in Precipitation Based
on Coulometric Titration with Application of Gran's Plot" IVL
Publication B152, (1973).

35. R. K. Stevens et al, Atmos, Environ. 12 (1-3)55 (1978)}.
36. B. R. Appel et al, Intern, J. Environ. Aral. Chem 4 169 (1976).

ements of the Filtration Efficiencies

e . QY
Report No. 184, January 1977

37. W. John and G. Reischl, "Mea:
of Seliected Filter lMedia', A



XI.

REFERENCES (continued)

38.

39.

Lo,
41,

Lo,

43
LY,
4s.

L6,
7.
48.
k9.

51.

52.

J. E. Harwood and A. Kuhn, Water Res. L 805 (1970).

[
P. J. Rommers and J. Visser, Analyst, 9L 653 (1569).
Evaluation of the method as automated for the Technicon Autoanalyzer
I is given by Appel et al, "Comparison of Wet Chemical and
Instrumental Methods for Measuring Airtorne Sulfate”, EPA Report
600/7-77-123 (1977).
B. R. Appel et al, Envircn. Sci and Technol. 12 418 (1978).

Jd. W. Richards et al, Sulfate Aerosol Study Final Report to CRC,
Contract CAPA-13-T6 (1978).

R. E. Snyder and T. J. Reed, Evaluation of Methodology and Prototype
to Measure Atmospheric Sulfuric Acid, EPA Report 600/2-77-010 {(1977T).

C. Huygen, Atmos. Environ. 9 315 (1975).

R. E. Spyder, private communication, 1978.

Handbook of Chemistry and Physics, 38th Ed. Chemical Rubber Publishing

Co., Cleveland (1956).

B. R. Appel et al, Environ. Sci and Technol. 13 98 (1975).

B. Y. H. Liu and K. W. Lee, Environ. Sci and Technol. 10 345 (1976).
W. John and G. Reischl, Atmos. Environm. 12 2015 (1578).

P. G. Gormley and M. Kennedy, Proc. R. Ir. Acad. 52 163 (1949).

S. Wall, Master's Thesis, University of California, 1°

D. Husar, R. B. Husar and P. X. Stubits, Anal. Chem. L7 2062 {1975}.
B. R. Appel et al, The Chemistry, Dispersion and Transport of Air
Pollutants Emitted from Fossil Fuel Power Plants in California
(Chemical Analysis of Particulate Samples for Sulfate, Nitrate and
Trace Element Compositon). Final Revport for ARB Contract 3-9L8
(NTIS No. PB 264-823).



Appendix A

Antilog Signal Processing for Gran's Titration

) +
The concentration of H can be expressed as follows:

+

(B ]

antilog [ g—] -5

where E; = antilog ( gﬁ ) = a constant

S = slope of electrode {millivolt per pH unit)

E

electrode potential

Plotting antilog (EJ against titrant added yields an initially linear curve
which can be extrapolated to the equivalence poin*t based on a minimum number
of data points. However, a disadvantage of the technique is the time required
to convert cbserved pH values to the corresponding (%),

R. K. Stevens and co-~workers reported the use of an antilcg amplifier to
directly convert the pH tc Bt thereby permitting z2utomatic generation of
Gran's plots.35 For the present study an improved version of their system
was designed and constructed.

For the AIHL system, Gran's plots are made direetly from the analog output
signal from the Radiometer pH meter (#PHMALSa) using the circuit shown in
Figure A-1. The output volitage (Ein) from the pH meter is introduced to the
non-inverting input of a T4lX operational amplifier® {(op~amp) in a voltage
follower configuration to provide a high impedance interface with the pH
meter. The signal is then offsct to the correct input range for the T55N
antilog amplifier¥® with a 100X potentiometer befors enterirg the inverting
input of a second T4lK op-amp. This op-amp divides the electrode potential
by the slope of the electrode yielding {(E/S). The antilog calculation
performed by the 755N device yields the required Gran's function (antilog E/S).
A table of the input and cutput voltages of the Gran's function generator are
included in the fizure. During titrations the Gran's plot is produced on a
100 mv strip chart recorder at a fixed chart speed synchrouized with the
titrant addition. Precise values for volume of titrant added are recorded
manvally from a digital readout on the titrator.

*Analog Devices, Norwood, Mass.
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Appendix B

Sulfuric Acid Aeroscl Generation

To develop and validate reliable metheds for collection and analysis of
airporne sulfuric acid particles, a convenient rmethod for producing a well
characterized submicron aerosol was necessary. Such an aerosol generator
was developed in our laboratory>C and is shown schematically in Figure B-1.

Aerosol is generated by passing very dry nitrogen through fuming sulfuric
acid, diluting and heating the effluent vapor and injecting it into a stream
of humidified air through a small diameter nozzle. This technique has been
shown to produce a monodisperse aerosol over the range 0.2 to 1.0 um particle
diameter as measured by a Roveo PC 200B optical counter {coefficient of
variation < 0.2). The diameter of the particles produced can be selected

by setting the generator overating parameters to the corresponding experi-
mentally determined values. For the current program the generator has Gbeen
operated so as to produce particles < 0.3 pm optical diameters.

To assess the mass output rate of the generator, the aerosol was sampled at
1 CFM for one hour through a 1 um pore size poclyethylene backed Flucrorpcre
filter followed by a Greenburg-Smith impinger containing 70 ml of distilied
water. The impinger was included to collect H,oSC, vapor which penetrated the
filter plus any SC3 present in the generator output. The efficiency of this
impinger for such collection was not established, however. The filter was
subsequently extracted in 5 ml distilled water, and both the filter extract
and impinger solution analyzed by the flash vaporization-flame photometric
detection method for sulf'ur.5 22 The results of several runs performed
over the course of one day of continuous generator operation are included as
Table B-1l. DBased on these data, the generator's aerosol output was 557 +

85 ug/mS which allows a 47 mm filter loading rate of 16 + 1.7 ug HpSOy/min at
1 CFM. FHResults indicate L2 ug/m3 S04~ collected Dy the impinger which
corresponds to 7% of the generator output. Since the efficisncy of the
impinger was not established this value provides an lower limit estimate to
the sulfur species reaching the filter.

Although the number of particles < 0.3 um could not be measured a comparison

of Royco data for particles in the 0.3 to 1 um range with the sulfate results
from filter plus impinger samples permits estimation of the proportion of

H,80, particles < 0.3 um in the generator output. Assuming an average

density of 1.7 g/cm3 for the generated aerosol¥*, this comparison indicates

that particies less than 0.3 um account for 97% of the H,50y, mass. All particles
generated were less than 0.4 um in diameter.

%*The density of Hp30, is 1.83 for 100% H,S0, and 1.67 for T75%w HoS0, (25%w H,0).
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Figure B-1

Sulfuric Acid Aerosol Generator and Sampling System
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Table B-1

Results with the H,80, Generator™

Run Mean + 1 G
i 2 B |
Total Hp80y collected,o ug 900 1105 1070 1022 + 107
Loading on first 1 pm Fluoropore 91 92 gh.s5 g3
filter (%)
Loading on 2nd 1 um Fluoropore - - 0.5 -
filter (Z)¢
Loading in impinger (%) 9 8 5 7
Aerosol ccncentration at 1 cfm, 482 598 590 557 + 65
(ug/m3)
Filter loading rate at 1 ofm, 1k 1T 17 16
ug/min

a. All particles < 0.4 um.
b. Sum of the H,50, on filters plus impinger.
c. Becond filter 1in series between first filter and impinger.

d. Based on mass collected by filter.
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Appendix C

Uniformity of HoS80, Deposition and Sectioning of Filter Discs

The H»S80y aerosol generator as well as the intended lo-volume field sampling
system for H;80, employed 47 mm filters which required sectioning for analysis
by different methods. Before veginning the intermethod comparison it was
necessary to establish that 1) 47 mm filters could be reproducibly sectioned
by a technique which would minimize losses of H,S0, and 2) that the filter
was uniformly loaded by the generator.

Filter cutting was done in a chamber under a stream of N, which minimized NH,
exposure. A cookie-cutter type device was fabricated to provide reproducible
sectioning of filters into four guarters. Tor this operation the filter was
immobilized and flattened in a holder using slight suction. The precision

and equivalence of the resulting sections as well as loss of filter in cutting
was established by weighing the pleces cut from Fluoropcre filters. Based on
weighing sections from five filters, the average weight loss during cutting

was 1.1 + .6%. The 20 filter secticns were equivalent within a mean coefficient
of variation of 2.5%.

To establish the uniformity of H,S04 loading, five U7 mm filters were loaded
with about 200 pg of < 0.2 um HpSOy aerosol, sectioned into guarters and the
quarters analyzed for sulfate employing the automated methylthymol blue (MIB)
procedure. The results are shown in Table C-1 and indicate variations of 4%
or less. Since the variability in results due only to the analytical method
is at least 2%, the variability in deposition between quarters is < 2%,
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Table C-1
Uniformity of H,S0, Deposition on 47 mm Filters

Coefficient of

Semple ID Mean SO, Per Quarter Filter {ug) Variation (%)
133F1 58.5 + 2.5 5.3
13kF1 46.0 + 0.8 1.7
135F1 4b6.3 + 1.9 h.2
136F1 L5.0 + 1.1 2.4
137F1 37.9 + 1.0 2.6
138F1 (Blank)* < 2.5 ——

¥Sample to assess contamination of clean filter by cutter following sectioning
of loaded filters.
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Ap?endix D

Aeroscl Generation with a Nebulizer

A nebulizer-type aerosol generator was constructed and used to provide
(NH,),S0, and NH,HSO, aerosols (Figure D-1). Aerosol was generated from &
dilute aguecus solution of the ammonium salt by a glass nebulizer operated
at 20 psi with dry air. The nevulizer design incorporates an atomization jet
impaction surface to provide a rather sharp cut point for removing any rela-
tively large particles. Coagulation of the particles is inhibited by con-
stantly purging the nebulizer chamber with dry dispersion air, which alsc
serves to transport the aerosol to the dilution air inlet. The dry dilution
and dispersion air (< 1% RH) evaporates water from the particles until the
aerosol is reduced to equilibrium gize as calculated from the equation:*®

= Co %’
Dp Dy [ Cea ]
Pp

where Dp = final particle diameter {um)

Dd = initial droplet diameter {from nebglizer)
Py = density of dry particle (g/cm)
pp = density of droplet
C = weight fraction of ammonium sulfate salt in sclution

The initial droplet diameter produced by the nebulizer is < 2 um, which would
vield an aerosol of < 0.35 um diameter after water evaporation from a 17 {w/w)
solution of the ammonium sulfate salt. To prevent an increase in “he particle
size with time due to evaporation of water from the aerosol solution in the
nebulizer chamber, the nebulizer solution drainage is not recycled into thne
fresh solution reservolr. Based on particle sizing with a Royco 200B cptical
particle counter, an average particle size of < 0.3 um was achieved with
(NH,),80,. The generator was operated such that 99% of all particles were

< 0.3 um as determined by comparing the aerosol mass and Royco 200B optical

particle counter data.

The aercsol reaches equilibrium size during transport through the 1-1/2" ID
tubular flow reactor and is collected from a plexiglass manifold using three

47 mm polycarbonate filter holders. Loading rate per filter was about 80 ng
sulfate/hour. Using ammonium sulfate, comparison of the filter weight increase
{AW) for filters conditiocned at LL% R.H. to the sulfate observed by the
automated MIB method yielded the relationship:

(804 )MTB = _26.9 + 0.938 (AW)

r = 0.982

Sy.x

12.3

*R. Dennis, Handbook on Aerosols, ERDA Revort #TID-26608 (1976).
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To evaluate the eguivalence of sulfate loadings between filters, uniformity
of deposition within one filter, and loss o¢f ammonia from filters causing
strong acid formation, Lwo sets of three Tillers were each loaded with about
200 pg (NH, )80, per filter using Ghia Zefluor filters. The filters were
quartered as debcrlbed in Aprendix ¢ and the guarters aﬂalyzed for 50,5,
(automated MTB), “Hu (indophenol blue procedure) and Kt by the titrimetric

method.

Based on the mean sulfate result for four quarters (Table D-1) the three
filters had equivalent loadings within 2% (C.V.). The unlformlty of
f

deposition on the four quarters within one filter was 5.7% {(median C.V. for

6 filters).

Based on the mean observed sulfate per filter guarter and the composition
(NH,),80,, the expected concentration of NH,' was calculated. The results
given in Table D-1 show about 2% excess of WH,*, which is within the combined
experimental error of the analytical methods. This suggests that the
analytical methods for sulfate and ammonium are consistent with one another
and that there is no loss of UHy during aerosol formation. The latter was
confirmed by direct titration for strong acid. No acidity was detectable.
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Table D-1 Comparison of Calculated and (Observed Ammonium

Concentrations for Ammonium Sulfate Aerosols

= b
umoles SOh observed umoles NHJ
Set Filter per quarter & calculated pmoles NH,\:
A 18zT1 0.66 + .05 1.06
A 197271 0.69 + .03 1.02
A 20ZT1 0.68 + .0k 1.01
B 217T1 0.74 + .07 1.03
B 222T1 0.71 + .0k 0.99
B 23ZT1 0.73 + .0k .99
Median: 1.02
a. Mean + o for U quarters.

b, Calculation based on stoichiometry for (NHH)QSOH'
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Appendix E

Nitrate Extraction and Analysis with Nylon and NaCl Impregnated Filters

Nitric acid collected on nylon and sodium chloride-impregnated Whatman L1
(NaC1/Wll) (cellulose) filters was analyzed as nitrate by the automated Cu-Cd
reduction, diazotization procedure following extraction. Extractions of
laboratory-generated HNO3 from clean NaCl-impregnated or nylon filters used
30-minute mechanical shaking (FEverbach Model 6000). With atmespheric samples,
€0 minutes shaking time was used. The NaCl-impregnated filters were extracted

with distilled water and the nylon filters, with 0.1W NaOH.1T

To establish that the sampling media &id not interfere in the subsequent
analysis, an NaCl/Whl filter was added to 10 ml standard solutions containing
5 pg/ml nitrate. The level of nitrate in the extract remained unchanged
The filter blank was below detection (approx. 0.2 pg/ml or 2 ug/L7 mm fiiter).

For the nylon filters, following extraction in 5 or 10 ml base, an equal volume
of 0.1N HCl was added to neutralize the solution. Some care was reguired
because of the observed dependence of the nitrate result on pH (Figure E-1).
Over a pH range of 2-10 the error was < 10%.

The filter blank observed for Duralon nylon filters was 6.9 + 0.1 pg/47 mm
filter. The NaOH and HCl sclutions had no detectable nitrate.
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Appendix F

Filter Heating Technique for Serial Filter Holder Sarmples

The apparatus used for this procedure is shown in Figure F-1. A heat gun

is used to force hot air through a 2" copper Tee used as a flow distribution
manifold. The filter holder to be heated is attached to the manifold
vertical side arm and the heated air drawn through the filters by applying
a vacuum source. The temperature of the volatilization air is controlled
by admitting a desired amount of unheated ambient air through variable
bleed holes in a collar fitted to the manifold side arm. Rotation of the
bleed collar allows adjustment of the size of the bleed holes to set the
required volatization air temperature. To ensure reproducible heating of
the filter stack samplers, a filter holder specially fitted with thermistors
upstream and dewnstream of the particle pre-filter (see figure) was peri-
dically used as a temperature reference.

The following protocol was used for the loaded filter heating technique
when sampling HNOj3 or NHj:

1. Turn on heat gun and allow 10 min. to establish thermal equilibrium.
2. Measure flow rate of loaded filter stack and disconnect from vacuum source.

3. Connect temperature reference filter holder to vacuum and set flow rate
equal to that of loaded sampler to be heated.

4. Estimate from Figure F-2 the temperature required to reduce volatization
air relative humidity tc less than 15% (typically 45-50°C).

5. Install temperature reference filter holder on heated air manifold and
set corresponding temperature using air bleed collar.

6. Attach filter holder containing collected samples on heated air manifold,
connect holder to vacuum source and draw heated air through filters for

three minutes.

T. Dismount loaded filters from filter holder and store in air-tight plastic
Millipore boxes.
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Appendix G

Collection of Armmonia on Acid Washed Pallflex 2500 QAO Quartz Fiber Filters

The striking similarity in diurmal variations for ammonia and NHQ+ in
+

mavkd a1 lats matter nated in Pit+ttahiire cormmling vraicad the suvenipeinn at
PEGILICULG VD D vLCD JOLCQ Ll D1lUVLoDUlE Sdlipadils 'aroCl WLUC cuoprililil viau

acid washed quartz filters were collecting ammonia. Tc evaluate this
possibility ambient Berkeley air was sampled for 6 hours through L7 mm
quartz filters following particulate removal with slightly alkaline
Gelman A {pH = T7.6) pre-filters. The flcw rate was adjusted to 1.32 cfm
to provide a face velocity equal to that of the 8 x 10" filter at L0 cfm.

The results for two trials run simultaneously are given in Table G-1.
Particulate WHy* levels were about 2 ug/m> on the pre-filter. while
ambient NH; values were not obtained because of experimental difficulties,
we estimate I3 concentrations to be > 3 ug/m3 based on resulits in
Pittsburg as well as previously published results for urban f—.chs'_as.)'LO
Accordingly *he quartz filters are concluded to be < 10% efficient for NHj
collection.

92



Table G-1

Collection of Ambient NH3 on Acid Washed Pallflex 2500 QAO Quartz Filters

+
NH, in NH4

Particulate on Quartg

Trial Filter (Hg/m3) (ug{m3)

1 Gelman A (pre-filter) 1.9 _—
Pallflex Quartz —— 0.3k

2 Gelman A {pre-filter) 1.9 _—
Paliflex Quartz _— © 0.26

a. Results corrected for filter blank run in same batch. TFilter
blank 3.5 + 0.7 ug/47 mm, filter. Blank represented about 50%
of the gross NH; {as NHy ) observed on the quartz filters.
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Appendix H

for H;80, Sampling.

ATHI, Version of the Brockhaven Method for the Preparation of Quartz Filters

Apparatus and Eguipment

Stainless steel pan, 10%" x 18%", lined with Tedjar film
Glass rod tray, 9" x 11" (Fig. 1)

Glass rod tray, 8" x 10" (Fig. 2)

Steambath

Muffle furnace

Drying oven »

Plastic buchner funnel, 8-3/L" x 10-3/L"

Suction flask

Ultrasonic bath with detachable 10" x 1L" tub, Blackstone Model SG2A
Drying rack with removable screens

Laminar flow hood

Panceke spatulas (2)

Micro spatula, thin blade

Reagents and Supplies

Reagent grade H3PO,, 85%
Quertz filter material, 8" x 10" {QAO 2500 Pallflex Corp., Putnam, Conn.)
Glass fiber filters, 8" x 10"

Procedure

1. Six 8" x 10" Pallflex RAQ 2500 quartz filters are used with the backing
removed. Three filters are stacked and then an &' x 10%" liner is placed
on top. This liner consists of two 5%" x &%" pieces of guartz filters
which have been previously treated by this method and may te reused.
Three more 8" x 10" quartz filters are stacked on top of the liner.

2. The filter stack is washed with distilled H,0 using a prewashed glass
fiber filter-lined plastic buchner funnel and suction. A liter of H,0,
poured in small portions from a 250 ml Erlenmeyer, is used for each group
of filters. The filters are removed from the funnel by pressing a sheet
of aluminum foil into the funnzl so that it fits flush against the
filters. The ends of the foil should extend up and over the walls of
the funnel. The funnel is then placed upside down on the bench top and
clean air is blown into the funnel to disengage the filters. The funnel
is then lifted off the aluminum foil. Thes glass fiber filter is removed

from the filter stack and replaced into the funnel.

3. The aluminum foil is removed and the stack is lined top and bottom by
guartz filters. The quartz material is then placed in a cold muffle
furnace and ignited at 750°C for 4 hours (including warmup time). HNote
that the quartz liners may be reused.

*For some batches of filters as supplied by Pallflex, it was necessary to
ignite the filters initially as described in par. 3. Otherwise the filters
stuck together following step 2 causing damage. In these cases, filters were
fired a second time at 7T50°C under var. 3.
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Aprendix H {(continued)

The ocuter quartz liners are removed and the cooled quartz material

(6 sheets and the middle liner) is placed on the larger glass rod tray.
The smaller glass rcd tray 1s placed on top and the unit is carefully
placed in a Tedlar-lined stainless steel tray containing hot (steambath
temperature) concentrated HiPO,. The top glass rod tray prevents the
filters from floating. The H3PO, level must be high enough to cover
the quartz material and is reused. The filter stack is allowed to

soak 30 min.

The glass tray assembly is removed from the acid bath and placed in the
tub from the scnic bath, which has been removed from the scnic bath
apparatus and placed next to the acid bath. After the transfer, the

tub is replaced in the ultrasonic unit and distilied H,0 is added slowly
and carefully to cover the assembly. The filter material is very weak
at this time and may be damaged by the force of pouring water. The bath
is then agitated for 15 min. at the lowest setting. This procedure is
repeated twice more, removing the glass rod tray assembly fron the bath
for each change of H,O0.

The group of filter sheets is transferred to the buchner funnel. Transfer
is most easily accomplished by removing the assembly from the sonic bath,
inverting it, and placing 1t upon two beakers fcor support. The larger
glass rcd tray, now on top, is removed, and the plastic buchner funnel

is gently placed over the filters on the remaining tray. The funnel,
filters, and tray are then inverted and placed on a filter flask. The
filters should be flat with no wrinkles.

The filter material is rinsed thoroughly with distilled Hp0 using suction.
Rinsing is continued until 4% literc have been collected. The filter
material is still
The wet stack of filters is removed from the funnel as in (2) and lined
top and bottom with overlapping quartz sheets. This stack is then
placed in the cold muffle furnace and again ignited to 750°C. At the
conclusion of this step there is a noticeable improvement in the tensile
strength of the quartz.

The filters should separate easily into two stacks of three; the liner
may be removed at +this time. Individual filters are then separated
by gently working around the edges and in towards the center with a
small spatula.

The filters are placed in the large glass rod tray, which 1s then placed
in the ultrasonic bath. Two liters of a pH 5 H3POy solution are added
and the bath is excited for 15 min. at the maximum setting.

The glass rod tray containing the six filters 1s removed from the bath.
The filters are then individually remcoved from the stack with large

_____ 1 T mam A A amrmaana 5 +hna Avrdin r le
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pancake spatulas and placed on the screems in the drying rack.
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Appendix H {continued)
Preliminary drying is carried out in the laminar flow hood overnight.
Final drying is accomplished in the drying oven at £5-75°C.

The cooled filters are each placed in a plastic film-lined manila folder.
These folders are placed in a plastic bag which is then taped shut and
stored in the clean air bench.

Notes on the Procedure

The purpose of the initial ignition step (3) is to remove organic binding
substance from the quartz material. If the quartz is placed in the hot
concentrated H;3PO0, without ignition, discoloration of the acid may occur.
A stack of 30 filter sheets have been ignited at one time (by Brcokhaven)
with no difficulties. If more than one filter batech is to be ignited,
however, liners should be placed between each set of 6 filters to allow
easy separation.

The quartz becomes translucent when saturated with concentrated H;PO,
and easily damaged. After prolonged soaking in H;0, a return of the
characteristic white color of the guartz will be noticed, although the
filters remain fragile.

In step 8, the rate of filtration will decline as the glass fiber lining
on the buchner funnel is used over and over. After 3 groups of quartz
meterial (6 sheets plus the middle 1

fiber material should be used.

The increase in quartz tensile strength indicated after completicn of
step 9 is prcbably caused by the formation of a type of phosphate glass
fresidual phosphate remaining despite the rinsing step 8). If the filters
are not thoroughly rinsed they become very stiff or brittle, (easily
cracked), after ignition step 9 and cannot be separated.

Dilute H43PO,, pH 5 used in step 11 is conveniently prepared by diluting
one drop of concentrated HyPC, to a liter. A further dilution of this
stock solution by 1 to 50 will yield a pH of approximately 5. The scak
procedure in the ultrasonic cleaner zallows a uniform distribution of
very slight acidity resulting in repeatable blank values for the micro-
titration of H'. The pH 5 solution should be prepared for use from
the stock solution daily and may be used for several groups of filters.
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Figure H-1
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Appendix I

Diurnal Variations for NO, NC,, O3, S0;

Z9

Soiling Index,Windspeed and Directicn

During Pittsburg Sampling.
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