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ABSTRACT 

A stud.:l was conducted to evaluate :neasurement methods for sulfuric acid, 
strong acids in particQlate matter, and nitric acid in ambient air. 
Selective extraction of H2SCi 4 with benz8ldehyde and titrimetry for strong 
acids were evaluated and cor:1pared using .:_aboratory-generated mixtures of 
::._ 0. 3 µm diameter H2S04, ( '!H4 )2 SC,., ar.d NH4HS04 aerosols on clean and 
atmospheric particulate-loaded r'ilters. Filter media were selected based 
on filtration efficiency and acid recovery with::_ 0.3 µm H2S04 aerosols. 
Nitric acid collection by filter :nethods (NaCl-inpregnated cellulose and 
nylon filters) were compared at varying Hl/03 concentrations, relative 
humidity levels a.,d flow rates. ~uantitation of nitric acid, as nitrate, 
employed an automated copper-cadc-:tium reduction plus diazotization pro­
cedure. An arr.mania denuder was employed in field sampling together with 
removal of non-respirable particles to increase the stability of H2S04 
following collection. 

The presence of atmospheric :particulate ~iatter w'l.s shown to sharply reduce 
recoveries of laboratory-generated H2S04 but recoveries of total strong 
acid usually remained .:::_ 60%. Anhydrous benzaldehyde was found to extract 
NH4HS04 to a substantial degree. 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.H. The 
ammonia denuder w,i,s shown to remove a.mrr.onia with> 99% efficiency. 

Samples collected in Pittsburg, CA showed good correlation between sulfuric 
acid and par!iculate strong acid measureJT.ents. As much as 0.6 µg/m 3 H2 S04 
a.11d 1.6 µg/mj acidity, expressed as II2S04 , was fowJ.d. However, based on 
recovery stud::.e::; we believe these re!)resent lower limit values. Excellent 
agreement was found between nitric acid ~easurement by nylon and ~laCl on 
cellulose filter collection with concentrations up to 4 µg/m 3 . Simul­
taneous gas phase arr..,wnia !'leasurements were made to assist in interpreting 
the particulate sample results. Glass fiber filters were shmm to collect, 
quantitatively, both particulate nitrate and gas phase nitric acid. This is 
consistent with earlier studies of artifact particulate nitrate formation. 

ii 



EXECUTIVE Si.J1!M.ARY 

A combinerl lR.hm•,it.ory ar d field est. ncy hRs invest. i ,S::Rted method,,; fnr t.he 
determination of sulfuric acid and strong acids in atmospheric particulates 
as well as nitric acid, a ;;as at anbient concentrations. The procedures 
for particulate acids employed Sar.'.pling with inert filters, precessing of 
samples ,.uider conditions designed to preserve strong acids followed by 
analytical techr;iques appro:.=,riate £'er suJfuric acid (H2S04 ) and strong 
acids. To stabilize strong acids or: filters,> 3 µm particles, which 
can contain alkaline soil components, ',.ere excluded. In addition, with 
one sampler, atmospheric ammonia was removed ahead of the filter by neans 
of a diffusion denuder. H2S04 was deter~ined by selective extraction with 
benzaldehyde followed by quantitaticn as sui;.'ate by the AIHL microsulfate 
method. Strong acid was measured by microtitration with exclusion of 
carbon dioxide. 

Nitric acid was sampled by collection on n:rlon, and on sodium chloride­
impregnated cellulose filters after removal of atmospheric particles with 
an inert pre-filter. The efficienc:,• for collection of nitric acid was 
> 96% for NaCl-impre1s"11ated \foatman 41 filters. For nylon (Duralon) the 
efficiency appeared to depend on the tota.l P.mount of nitric acid sampled. 
However, at atmospheric levels its efficiency was equivalent to that for 
NaCl-impregnated filters. Following its extraction, nitric acid was 
determined as nitrate by the automated copper-cadmiun reduction, diazo­
tization procedure. 

3ased on filtration efficiencies and recovery studies with submicron 
sulfuric acid aerosol. acid-washed auartz fib2r and one micron pore size 
Teflon filters were s~lected for us~ in sai1pling H2S04 and H+. · Recoveries 
of laboratory-generated H2S04 aerosol from clean filters ranged from 60 to 
75%, and by titration, 80 to 100%. However, the presence of respirable 
atmospheric particulate ( < 3. 5 um) 1rc.atter reduced. the recoveries of sulfuric 
acid to < 30%. Recoveries of strong acid r2mained about 6c~ ·.hich is co,,­
sistent ::;i th the format ion of a1nm.oniur.1 acid sulfate (NH4HS'J 4 ). In the 
absence of atmospheric particulate matter tlJe efficiency for extraction 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, NH4HS04 was not extracted by benzaldehyde, 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. A:nmonia and particle phase a=onium 
showed strong correlation ::onsistent with the important role rif ammonia 
as an aerosol precursor or reactant with acidic aerosols. Samples showed 
up to 0.6 µg/m 3 H2So4 and 1.6 µg/m 3 strong acid expressed as H2S04. Based 
on laboratory studies, these represent lower limit values. 'These results 
may hP f""()T!TJ::ll'"Pr1 i-.() t.hP f'1H"rPnt. ~111 f'pt_P c:'!;i.PnrlP-rn rtf' 25 ug/m3 total water 
soluble sulfate (24 hour average). 

A glass fiber filter, Gel!!lan A, was shown to provide a measure of total 
nitrate (i.e. gaseous nitric acid plus particulate nitrate) rather than 
of particulate nitrate alone. Tbi.s work confirms our prior studies demon­
strating that gaseous nitric aci:! and not nitrogen dioxide (present at 
about 40 µg/m 3 durin~ most of the field sampling) is the dominant contri­
butor to artifact particulate nitrate. 
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Principal conclusions from the current study are as follows: 

1. Measurement of sulfuric acid and total acj_dity can be made by benzal-
dehyde extraction o..nd ti tro.ticn ~it h -~aborator:r-generated H2S0 4 aerosol 
on clean filters with a rec::ivery of ·, 60% of the true ·,alue. H,y,;ever, 
the presence of respirable atmospheric particulate matter decreased 
recoveries of H2S04 to below 30%. Strong acid recoveries usually 
remained above 60%. Furthermore, the elir.-iination of large, soil­
related particles by use of a cyclone, alone, or in comb:'.natic-n with 
ammonia removal is Jrobablv insufficient to Lero.it measurement of 
H2S04 at least for ~amples· collected from~ 10 m3 of air. En:phasis 
must be given to shorter term or lower flow rate sampling to decrease 
acid interaction with other aerosoJ. constituents. 

2. Additional work is needed to clarify the interference effects of 
ammonium acid sulfate i;. H2S'.J4 and strong acid measurements. 

3. Gaseous nitric acid Cf'.n be meas;ired by collection with either nylon or 
sodium chloride impregnated cellulose filters at ambient concentrations, 
with excellent agreement bet·,;een methods. A 15% :J...'1.certainty in HN03 
value remains, resulting from variability in the extent of nitric acid 
retained by adsorption on particulate-loaded p"e-filters. This 
uncertainty should be eliminated by AIHL studies extending the present 
work. 

4. Artifact nitra-ce formation on glass fiber filters in field sampling 
corresponded to the collection of 100% of the ~~bient ni-cric acid. 
Thus it is likely that nitra-ce values obtained by the present A?.B Hi-vol 
n,:i.+_,.rf"l"Y''tr r-.apr~~i::>r,f-_ +;,,a c:,,.,.., rif' p.cn·•-ti rn7.!=lt.~ ni +-yo~t.P _qnn ni t.ri r R._r'i (1 r_q_f,hPY' 

than particulate nitrate, alone. 

5. Further studies are needed cmplc::;-ing continuous methods for H2S04 in an 
effort to overcome the large negative interference by other aerosol 
constituents. Since positive errors are more probable with continuous 
methods (e.g. volatilization of sulfate salts as well as H2S04), 
simultaneous application of continuous and the integrated techniques 
described herein should provide both lower and upper limits to the 
true H2S04 level. 

iv 



TABLE OF co:rTENTS 

Abstract ii 

Executive SUI!lT.'lary iii 

List of Figures vii 

List of Tables viii 

Acknowledgements X 

l 

1 

I. Introduction 

A. Sulfuric Acid and Particle Phase Acidity 

2B. Nitric Acid 

C. Chemistry of 1mo 3 as Related to HN03 and Nitrate Sampling 6 

8II. Technical S=ary and Conclusions 

12III. Sulfuric Acid Measurement by Selective Extraction 

A. Introduction 

14 
12 

B. Method Development 

16C. Benzaldehyde Purification a.id Storage 

IV. The Microtitration i.:ethod for Strong Acid 17 

A. Introduction 17 

B. Interference Studies and Alternat~ves to Use of a Gr&~'s Plot 21 

V. The West Method for 'rotal Acidity 27 

A. Introduction 27 

B. Evaluatior. 27 

VI. Evaluation of Filter Media for Sulfuric Acid and Particle Phase 
Strong Acid Measurements 32 

A. Artifact Sulfate Formation on Filters with Sulfur Dioxide 32 

B. Efficiencies of Filter Media for H2S04 Collection 32 

VII. Evaluation of H2S04 and Acidity Methods Using Laboratory Aerosols 35 

A. Preliminary Study for Filter Selection 35 

B. Recove:rJ St11dies with Inert Filters 35 

C. Storage Stability of H2S04 on Clean, Inert Filters 38 

V 



D. Interference of Atmospheric Particulates in H2S04 
Determination 38 

E. Interference of (NH4 ) 2S04 in H2S0 4 Determination 42 
F. Interference of NH 4 HS0 4 in H2S0 4 Determination 42 

VIII. Nitric Acid Measurement 47 

A. Introduction 47 
B. Artifact Particulate ~litrate Formation 47 
C. Comparison of Nitric Acid Sampling !,!ethods 49 

IX. Evaluation of a Denuder for Ammonia ?emoval and of Oxalic 
Acid Impregnated Filters for Ammonia Sampling 53 

A. Experimental Techniques 53 
B. Results 55 
C. Stability of H2S04 on Filters in Particle and A=onia 

Free Air 58 

X. Field Sampling Studies 60 

A. Preliminary Trials-Berkeley 60 
B. Trials in Pittsburg, CA 60 

XI. References 73 

Appendices 

A. Antilog Signal Processing for Gran's Titration 76 

B. Sulfuric Acid Aerosol Generation 78 

C. Uniformity of H2so4 )}eposihon and 3ectionini=; of ?ilter Discs 81 

D. Aerosol Generation with a Nebulizer 83 

E. Nitrate Extraction and Analysis with Nylon and NaCl 
Impregnated Filters 8'{ 

F. Filter Heating Technique fCJr Serial Filter Holder Samples 89 

G. Collection of A=onia on Acid Washed Pallfelx 2500 QAO 
Quartz Fiber Filters 92 

H. AIHL Version of the Brookhaven /•'.ethod for the Preparation 
of Quartz Filters for H2S04 Sampling 

I. 

98 

Diurnal Va.riations for NO, N02, 03, S02, Soiling Index, 
Wind.speed a..~d Direction During Pittsburg Sa~pling 

vi 

...... -~~-••_,_______ ..,___ . ---~-~~,--....~ ,, 



LIST OF FIGURES 

Number 

1 Comparison of Conventional Titrimetric Data (lA) and Linear 
Titration Plots Fellowing Sample (S) arid Titrant (T) Concentrations (lB) 

2 Gran's Plot Titration of Mixed Acids 

3 Degree of Neutralization of' Acids in Titrations to a s}iven pH 

4 Comparison of Observed and True Sulfuric Acid in Mixtures with Weak Acid 

5 Comparison of AIHL and West Results for Calibration Curve (100 ml 
solutions) 

6 Calibration Curve for West Method ( 10 ml solutions) 

7 Diurnal Variations for Aerosol Constituents, Nitric Acid and Ammonia 
Pittsburg, California 

A-1 Gran's Plot Fu.'1ction Generator 

B-1 Sulfuric Acid Aerosol Generator and Sampling System 

D-1 Ammonium Sulfate Salts Aerosol Generator 

E-1 Nitrate Reco·:er.r as a Function of pH Using the Automated Cu-Cd 
Reduction-Diazotization Method 

F-1 System for Heating Filter Sampler to Desorb IJH 3 and HN0 3 

F-2 Isopleths for Relative Humidity at Varying Temperature 

H-1 Glass Rod ·rray 

H-2 Glass Rod Frame 

vii 



5 

10 

15 

20 

25 

LIST OF TABLES 

Number Title 

1 Summary of Nitric Acid :-1ethod in Current Use 

2 Evaluation of Interferences to Coulometric Nitric Acid Monitoring 

3 Benzaldehyde Extraction o:' H2S04 a..'1d NH4HS04 from Filters 

4 The Effect of Benzaldehyde on Working Curves for the AIHL Micro­
sulfate Method 

Anthropogenic Acids and Their Approximate Strength 

6 Analysis of H2S0 4 by Gran's Titration in Mixtures with Weak Acids 
+

7 Interference Effects in H 9etermination by Titrimetry 

8 Analysis of H2S04 by the ;'[est Method in 1/:ixtures with Weak Acids 

9 Collection Efficiencies of Selected Filters for.< 0. 3 µm Sulfuric 
Acid Aerosol (µg so4=) -

Preliminary Screening of H2SC 4 RecoverJ from Candidate Filters 
(µg S04=/½ filter) 

11 H2S04 Reccv2ry from Inert Filter Hedia ( µg S04= /½ filter) 

12 Storage Stability of HzS0 4 on Clean Filters (as µg s04= per filter) 

13 Sulfuric Acid Recovery from Particulate-Loaded Filters (%) 
14 Interference of Ammonium Sulfate [ (NH4) 2S04 ] on Sulfuric Acid 

MeasurP-ment (as µg sulfate per filter) 

Interference of Wr:l4HS04 on H2S0 4 Determ:ination on Clean Zefluor 
Filters (as µg sulfate per filter) 

16 Interference of rm 4HS04 on H2so4 Determi~ation in the Presence of 
Atmospheric Particulate l-!s.tter ( as µg sulfate per filter) 

17 Artifact Particulate lritrate from Six-hour Exposures to no2 at ?0% 
R.H. with and Without Added :rn 3 

18 Nitric Acid Collection on "Inert" Filters at 50% R.H. (ug/m 3 ) 

19 Comparison of !-!ethods for Nitric Acid Determinations (as µg/m 3 Nc 3-) 

Denuder Tube Configuration 

21 Efficiency of Oxalic Acid Impregnated GeL~a...'1 AE Glass Fiber Filters 
for Ammonia Collection with Approximately 75 lJg/m3 l!H 3 

22 Efficiency of the Ammonia Denuder at 22 1pm 

23 Stability of 2- 0.3 JJ~ H2S04 Aerosol on Zefluor Filters in Particle 
Free Ambient Air Using an Am.~onia Denuder and Gel.mar, A Pre-filter 

24 Sampling Strategy for Pittsburg Samples 

Analysis of Zefluor Respirable Particulate Sal!!ples (with NH3 (1.::i.n,,~~-r) 
from Pittsburg, CA ( pg/m 3) 

26 Analysis of Zefluor Respirable Particulate Samples (with NH3 denuder) 
from Pittsburg, CA (µequiv/m 3 ) x 10 2 

27 Analysis of Acid-Washed ·:;,,uartz Respirable Particulate Samples from 
Pittsburg, CA ( pg/m 3) 

,,iii 



LIST OF TP..BLES ( continued) 

Number Title 

28 Analysis of Acid-Washed Quartz Respirable Particcl.ate Samples 
from Pi ttsh11_re C.4 ( ~requi v/r:i._ 3 ) x 10 2 

7 

29 Analysis of Nitric Acid and A-•mnonia Samples from Pittsburg, CA ( µg/m 3) 

30 Analysis of llitric Acid and Ammonia Samples 
(µequiv/m 3) x 102 

from Pittsburg, CA 

31 Comparison of Nitrate 
Nitrate ( µg No 3-/m 3) 

on Gelman A Glass Fiber Filters with Total 

B-1 Results with the H2S0 4 Generator 

C-1 Uniformity of H2So4 Deposition on 47 mm Filters 

D-1 Comparison of Calculated 3..'7.d ,'.)bserved A=oni um Concentration for 
/umnoniur.J. Sulf~te Aeroscls 

G-1 Collection of Ambient ;,rn 3 on Acid Washed Pallflex 2500 QAO Filters 

ix 



ACKNOWLEDGEMENTS 

The a.ut.hors e;rat.efully ac¥~1101-...-lecige Ms. !..aurel Raftery and Mr. Jeffrey Benzing 
for their very capable assistance in the laboratorJ a.."ld in data reduction and 
display. The cyclone erm:,lc:,·ed :'c:,r lo•,.; volu.'l'.e, respirable particulate matter 
sampling was designed and calibrated b:r Dr. :,. John and co-workers. 

Messrs. Dario Levaggi, '.lay:nan Siu and Arthur Friedenburg of -c2e Bay Area 
Air Quality Management District generously provided use of their Pittsburg 
Station facilities for field sampling as well as air monitoring data. 

Special thanks are extended to Drs. Jack Suder and John Holmes of the 
California Air Resources Board for their con':;inued interest and support. 

X 



I. INTRODUCTION 

A. Sulfuric Acid and Particle Phase Acidity 

California's significant harm level for airborne sulfate of 25 µg/u: 3 

is based upon water-soluble sul.fate in 24-to,.u- high volume filter 
samples. Such sulfate may include ammonium sulfate, ammonium acid 
sulfate, sulfuric acid as ,ell as various metal and mixed metal 
annnonium salts. Some of these are relatively harmless (e.g., 
calcium sulfate), while others appe.J..r relatively hazardous (e.g., 
sulfuric acid). In part, the rationale for setting the California 
standard is based on the presumption that a significant route for 
formation of the currently measured ·-rater-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 general acceptance for determining 
sulfuri · acid or any other individual sulfate compound in ambient 
air. 

Existing techniques for determining sulfuric acid in ambient air 
may be divi:ied into continuous and integrated methods. The continuous 
methods rely on such physical properties as changes in light scattering 
induced by the addition of ammonia (the hu:r.J.dified nephelometer 
technique) 1 ,3 to provide both qualitati7e and y_uantitative cu,.ta on 
acid sulfates (i.e. sulfuric acid and/or aml!lonium acid sulfate). 
While acid sulfates were measured in St. Louis, none were detectable 
in Los Angeles GY this technique.3 

The greater volatility of sulfuric acid, relative to its a=onium _ 
salts, has been utilized in both continuous2-4 and integrated methods.b 
One approximately continuous method employs an acid gas diffusion 
denuder to remove SO2 and H2SO4 when in gas phase.2 By cycling the 
temperature of the ambient air pumped through the instrument up to 
about l50°C, ii2S04 aerosol is vaporized allowing it to be t-ra1iped 
by the denuder. The decrease in sulfur reaching the flar:ie photo­
metric detector, relative to che level at room temperature, provides 
a measure of sulfuric acid. However, since H2SO 4 is measured by 
difference and since the level of SO2 plus sulface salts will generally 
by much great~r than that of E2SO4 , precision can be expected to be 
poor. 

Integrated sampling techniques usually involve collection of ~2so4 
on a filter or in a liauid medium. EPA' s Method 8 relies on an 
isopropanol-water solution as a trapping medium.5 However, it is 
subject to substantial positive error from SO2 . Collection and 
analysis of sulfuric acid in filter samples has been studied exten­
sively. The reader is referred to a recent review by Newman.7 Tne 
problems inherent in determining ambient 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 so2 to sulfate by interaction with the 
filter and adsorbed water. 
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3. Irreversible reaction of sulfuric acid and acid sulfates with 
the filter. 

4. Uxld.a:tion of ~u2 to tt2ou4 promotea. oy constituents of the collected. 
atmospheric particulate matter which may be catalytically active 
(e.g., manganese, iron and vanadium compounds). 

5. Neutralization of sulfuric acid and acid sulfates by basic particles 
(e.g., CaC03) or gaseous pollutants (e.g., NH3), reaction with 
NaCl (&1d loss of HCl) or reaction with nitrate salts (and loss 
of HN03). 

6. Interference due to other sulfates [e.g. , (NH4) 2S04 , NH4HS04 ]. 

7. Interferences in the ~uantitation method used due to other ionic 
species extracted from the filter medium or Particulate matter 
(e.g., ca+2 a.'1d Po4= can be interferents in ~et chemical methods). 

Attempts to overcome some of these problems include reaction of sulfuric 
acid on the filter or within the sampler inlet to form a derivative 
which can still be distinguished from (NH4 )zso4 and :iH,,HS04.li2,43 711e 
Atlantic Research Institutr's ar,proach employed acetaldel:JydP oxime 
to form a salt with E2S04 .'-+2 Initial studies suggested this derivative 
was decomposed to a volatile, sulfur-containing species at a tempera­
ture well below the decomposition temperatare for the a~Jnonium 3~lts. 
If true, the volatile sulfur species could be measured with a flame 
photometric 1etector to provide an indirect measure of R2S04. However, 
recent work has deJT1onstrated that the temperature for volatilization 
of these materials is particle size-dependent, liiniting the potential 
for specificity.44 This approach appears to have been abandoned. 

Because of the rationale stated above for imposing the California 
sulfate standard, a need exists for a validated technique to monitor 
sulfuric acid. The present study was conducted in an effort to satisfy 
this need. 

In addition to techniques specific for H2S04 , evaluation of techniques 
for total particulate strong acidity was included since this is con­
ceptually simpler a..~d possibly of eQuivalent medical significance. 

B. Nitric Acid 

Trnder ambient conditions nitrL: acid is believed to exist principally 
in gas phase. Tne measurement of nitric acid in ambient air has been 
reported by Spicer, sampling at West Covina, California8 ana else­
where, and by Okita, sampling in Tokyo9. For the California site, 
a mean =imu.'!l for tbe acid of a·oout 25 µg/m 3 was observed. Both 
the California and Japanese studies measured nitric acid in the gas 
phase. However, nitric acid may also exist in particle phase 
adsorbed on other aerosol constituents where it may contribute to the 
observed acidity of the aerosol (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 _'.i.ble adsorption on particles, ,Iitric acid has been 
demonstrated to _,orb readily on various filter media. If ambient 
nitric acid adsor~s on filter media, it should contribute to the 
observed particulate nitrate as well as to particulate acidity. 
Appel et a1lO,ll demonstrated that the pattern of artifact particulate 
nitrate formation in a~bient air was consistent with nitric acid 
adsorption as the dominant precursor. 

In addition to providing data on a potentially hazardous pollutant, a 
reliable technique for monitoring gaseous 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 adsorbed on filter media and aerosol 
constituents. 

The nitric acid methods in current use and their corresponding 
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 operated to provide analysis 
of grab samples at 20 minute intervals. The immobility, high cost, 
and sophistication of this procedure limit its general use. 

The two continuous methods utilize an inert pre-filter to remove 
particle-phase nitrates and either a modified Mast coulometric ozone 
analyzer or a modified chemiluminescence NO-N02 monitor. T'ne Mast 
analyzer is converted to measure total gas phase acids by changing 
the chemicals employed and the instrument pllll'lbing. By periodically 
diverting the sample air flow through a nylon filter to selectively 
remove ID!0 3 , the nitric acid concentration is obtained by difference. 
This approach suffers from relatjvely high instrument noise levels. 
Only Spicer and co-workers have been able to achieve the limit of 
detection quoted, 2-5 ppb. Spicer'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 rr~ximurn formic acid level found in Los Angeles 
was 6 ppb implying_::_ 0.6 ppb interference. Spicer considers the 
electro-chemical methoJ to be decidedly inferior to the chemilumi­
nescent analyzer apprcach in both limit of detection and response 
time. 

The modified chemiluminescent ;rnx monitor also uses a nylon filter 
to selectively remove RN03 from one instrument ch"l.nnel. At 300-325°C 
N02, HNO 3 and PAN are comnletely converted to NO on a molybdenum 
catalyst. No conversion of ammonia was found at these temperatures. 
Since PA,_~ is not retained on the nylon filter to a significant 
degree; both channels resister the effect of PAJ{ Pqm,lly ,rnil no 
interference results. By :neans of a chopper, two channels proYide 
continuous measurement of NO:c + HN03 and NOx alone. 

Considering the integrated sampling methods, after pre-filtration 
of particle phase nitrates on inert filters, quantitative collection 
of nitric 8-cid on nylon filters at levels down to 0.5 ppb has been 
reported. Although Millipore no longer supplies Duralon (nylon) 
filters, Ghia Corp. produces nylon filters which have been found 
equally suitable.15 
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Table 1 

Summary of Nitric Acid Method in Current Use 

Method 

Fourier Trn.ns f'orm IR 

Okita 

Chemiluminescence 

~ Nylon Filter (Spicer) 

Nylon Filter-GLC 

Modif'ied Mast 
Electrochemical 
(Spicer) 

Method DescriEtion 

Kilometer pathlength infrared cell. 
Units at Claremont and Riverside, CA. 

HN0 3 collected on NaCl impregnated 
filters following an inert pre­
f'ilter yielding integrate,i sample. 
Nitrate measured by wet chemistry. 

A dual channel NOx monitor (e.g. 
Teco 14D) with a nylon filter in 
one channel yields (HN03) by 
difference. Provides continuous 
measurement. 

HN0 3 collected on nylon filter 
following un inert pre-filter 
yielding integrated sample. 
Nitrate measured by wet chemistry. 

HN03 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 lesR 
HN03 removed by nylon, HN03 
measured by difference. URe inert 
pre-filter. Continuous measurement. 

Reported 
Li.nit of 

Detect ion .....m?.b 

7 

< o.4 
ca. 0,1 

< 1 
ca. O. 3 

< 0.5 

< 0.5 

2-5 

Principal Investigator 

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, 1~ 

13, 15, 25 
13, 16 

13, 17 
15 

13, 18 

13, 15, 19 



Table 2 

Evaluation of Interferences to Coulometric Nitric Acid Monitoring 

S:2ecie 

Ozone 

Nitrogen Dioxide 

Sulfur Dioxide 

Sulfuric Acid 

Hydrochloric Acid 

Formaldehyde 

Peroxyacetyl r,i trate 

Formic Acid 

Nitrous Acid 

Comment 

No interference up to o.8 ppm 

No interference cip to 1 ppm 

No interference up to 1.1 ppm 

No interference up to 100 µg/m3 

No interference up to o.4 ppm 

No interference up to 0.5 ppm 

No interference up to 0.2 ppm 

Variable interference between 0-10% 
of formic acid concentration. 

No inference up to o.4 ppm 
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Nylon filters, nylon or cotton fiber :;:iacked in Teflon tubes have all 
been used for mro 3 removal. In each case quantitative Hl'!0 3 retention 
is claimed without interfer,•nce from NO and N0 2 . Using 100 mg nylon 
fiber pacldng, sa..'!lpling rates up to 10 1pm .::ould be used. However, 
the efficiency of nitric acid eh~raction from nylon was reported to 
depend on the extraction medium.16,l: Extraction in distilled water 
ca:ised low recoveries at low h':W 3 concentrations. Using O.lN NaOH, 
1% aqueous NaOH or "acid solutions" for extraction, quantitative 
recoveries were claimed. 

Nitric acid has also been collected on filters ~oaded with NaCl 
employing pre-filtration with inert filters .9 ,l Fixation of Hl!O 3 
is believed to proceed via the reaction: 

HN03 (gas)+ NaCl-+ HCl (gas)+ NaN03 

Following collection, nitrate can be determined wet chemically. 
Okita9 employed a lo-vol system with a 1 JJffi pore size Fluoropore 
pre-filter followed by a single 50 mm diameter inpregnated cellulose 
filter. A mean collection efficiency of 96.6% for a single filter 
was determined at 20 1pm. NC 2 showed increasing interference with 
increasing R.H. For example, 1.5 ppm NOz at 93% R.H. yielded about 
5% positive interference. 

Newman used a hi-vol configuration with 5" diameter (127 mm) filters 
in which acid-washed Pallflex 2500 QAO quartz fiber was used for t:1e 
pre-filter. Two S and S 2W cellulose filters impregnated with ~,aCl 
were routinely run in series to collect HN0 3. At high R.H. (e.g. 
> 90%)collection of H:!0 1 on the pre-filter became significant. Under 
these conditions, the HfiO 3 was desorbed and collected on the il'1preg­
nated filters by sain.pling warm air provided by a heat gun for 10 
minutes after the collection period. 

C. Chemistry of H1J03 as Related to ID!0 3 and Nitrate Samuling 

Rapid advances in unde~standing 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 A.~B's nitrate 
sampling efforts. 

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

NH4NO 3 ( s ) 1 illlO 3 ( g) + NH 3 ( g) 

K = ( HNO 3) ( NH 3) 

Two estimates of this equilibrium constant have been made: 

Using Fourier Transform infra-red spectroscopy to measure 62 pairs 
of HN0 1 and UH~ values under varying atmospheri.:: conditions, a mean 
value for K of~162 (ppb) 2 was reported.12 Seinfeld21 has made 
similar calculations of apparent equilibrium constants from simul­
taneous illi0 3 and NH 3 data obtained from Spicer. His observed values 
range from ca. 7 to ca. 200 ( ppb )2 with most values aroW1d 30 (ppb) 2 . 
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The observed K appears to vary ,_.,ri_th temperature and relative hUl!lidity. 
The temperature ciependence paralleled that for the equilibrium 
constant obtained from latoratory measurements of the vapor pressure 
of NH~N03 at temperatures> 76°C. For dry tffi4N03 at 25°C, a K = 51 
(ppb) can be calculated by extra9olation from these lab data. At 
high relative humidity values, the apparent at!!lospheric equilibrium 
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 equilibrium exists then a fraction of total 
nitrate (i.e. nitric acid plus :rn4N03 + r-!N03 where M is a metal) 
collected on a filter could be lost by volatilization into air with 
lower ammonia concentration passing througb the filter. Indeed, 
R. K. Stevens has confirmed loss of NH4N03 from filters into a 
stream of a~J!lonia-free air. 22 Evaporative loss of nitrate from a 
pre-filter used in connection with nitric acid sampling should lead 
to an equivalent enhancement. in levels of ill!0 3. 

A second source of error involving particulate nitrate an:i HH03 is 
by reaction of particulate nitrate with acids. For example: 

Again, particulate nitrate is lost from a pre-filter and a positive 
error in H:l03 measurer~ent would result. This mechanism was fi,:-st 
demonstrated in smog chamber studies23 but has since been inferred 
from atmospheric dat.a under situations in which atmospheric sulfuric 
acid levels exceeded ammonium nitrate concentrations.24 Loss of 
nitrate wa3 demonstrated by addition of a tenfold excess of ca. 0.2 
\JJll particle size H2S04 aerosol to a filter containing 0.2 l1!ll particle 
size ammonium nitrate.22 

It should be noted that nei tt:::r evaporatiVP. loss nor loss b:;' 1>.cid 
reaction would be expected on alkaline filters (e.g. glass fiber 
hi-vol filters) since any HIT03 formed should be immediately t.rapped 
by the filter. However, such negative errors could be noticeable 
with inert filters such as Fluoropore. ~us the ratio of atmospheric 
particulate nitrate observed on reactive vs. inert (e.g. Teflon) 
filters may reflect, in part, nitn1te values on the inert filters 
which are too low. 

10
The AIHL study of artifact nitrate formation ooserved a mean ratio 
of 2.2 for No 3- on MSA 1106BH relative to that of Fluoropore for 
24-hour samples. It is unlikely that this ratio was grossly influer:ced 
by reaction with acids since similar results were observed at San Jose 
and Los Alamitos, sites -..-hich should differ markedly in H2S01,. levels, 
if present. However, this ratio may contain some error because of 
evaporative loss from Fluoropore filters. The influence of evaporative 
loss may be visible in comparing observed 24-hour nitrate values from 
those calculated from four successive six hour samples. The ratio 
calculated/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-hour sampling with Fluoropore due to either 
evaporation or (less likely) acid reaction could have caused this 
result. 
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II. TECHNICAL Sill-11'.AEY AND CONCLUSIONS 

A combined laboratory and field study has in7estigated methods for the 
determin,i.tion cf s,1lfuric acid and nitric acids as well as strcng acids 
in atmospheric particulates. T!'le sulfuric acid method, developed at 
the Brookhaven :Tat i onal Labors.to!""'J ( m11) employs benzaldehyde for 
selective extraction of sulf-c;_ri_c acid. This procedure was adapted for 
use with low volume 3amples by using the AIHL microchemical sulfate 
procedure for quantitation of sulfate following its separation from the 
benzaldehyde. Eesidual benzaldehyde and its oxidation products were 
shown not to interfere with the sulfate a.'1alyses. Nitric acid sa..11pling 
was done with nylon filters anc. sodium chloride-il!1pregnated cellulose 
filters following removal of particulate nitrate with a Teflon filter 
( 1 µm pore size Ze fluor, Ghia Corp. ) . Following 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 a.'1ti-log amplifier 
to permit automatic generation of Gran's titration plots. Subsequent 
Ynl"'k P:::::t.~hl ~ -==~,.::.n +11p+_ hy adding to each sam~le an a.n1ouI1t of strong acid 
sufficient to produce pH= 4.0 in distilled water and then titrating 
each sample back to this pH, interference from weak acids was largely 
eliminated without reliance on extrapol~tions from Gran's plots. In 
the mixtures H2S0 4-hexanedioic acid (p!-::a = 4.h) and B.zS04-benzoic acid 
(pKa = 4. 0) the or,<>:ani c acid interference was O and 18%, respectively, 
while permitting 96% determinatior; of the F2S04. Under the san:e 
conditions, alU!llinum and a.'!lmonium sulfates showed no interference ,..hile 
ferric sulfate behaved as a d.ibasic strong acid in aqueous solution. 
Accordingly, determination of wate1·-soluble iroY! in atmospheric saoples 
was considered necessary to exclude this source of potential inter­
ference. 

An analytical procedure for strong acid developed by P. West utilizine; 
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 d2ter:nining effic>ncies fo!' collecting~ 0.3 µm H2So4 
aerosol and by recovery studies. One pm Fluoropore, 1 11m Teflo (Ghia 
Corp. Teflon), <'.}elma.n microquartz and acid-washed Pallflex 2500 QAO 
quartz exhibited> 98% collection efficiencies; 3 11rn Fluor0pore, 3 µm 

Teflo and Zefluor ( Ghia Corp. Teflon), 5 11m :,fi tex and O. 5 11m unbacked 
Fluoropore exhibited lo..,er values. Based on their freedom from artifact 
sulfate formation, high filtration efficiency, and ease in handling, 
1 µm pore size Zefluor Teflon filters (Ghia Corp.) and acid-washed 
Pallflex 2500 QAO quartz filters were chosen for low and high volume 
particulate acid s~11pling, respectively. 

The recovery of ca. 10 11g sulfuric acid aerosol by benzaldehyde extraction 
from clean quartz filters averaged 60% compared to 75% recovery reported 
by RNL fr.:r similar conditions. ':lith Teflon filters, recoveries were about 
70%. Storage of sulfuric acid aerosol on these clean filters in air-tight 
containers was sufficient to prevent its neutralization. However, the 
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presence of atmospheric particulate matter caused relatively rapid 
(if not immediate) loss of HzSC 4 , with recoveries by benzaldehyde 
e:,i.,,-traction of < 30%. Rec:overie~. of total partic-ula t..e acl U.i ty rerna.i..ned 
relatively higl--;-, 60-70%, suggesting that reaction of H2S04 with 
(NH4 )2S04 w'as occ;rrring forming the strong acid, rm4HS04 (ammoniUI!l acid 
sulfate). 

Direct evaluation of interference effects from (~m4 )zso4 in the absence 
nf' At.ffl()!=;rihieri(' r;=irt.i011lPi".P~ vJ.:p:::: Al<:::.('\ r-rmc::i~t-.Pn+. ui+.h f'r'l~.o::i+iliri nf' r.:R"4H~r\, .. 

However, it appeared that substantial a:nounts of the acid sulfate were 
extracted into anhydrous benzalder_:,cde. Using clean filters loaded with 
NH4HS04 aerosol, alone, and in the presence of H2S04 , benzaldehyde was 
determined to extract, on average, 53% of this salt. It has been 
suggested that the water content of the sample and benzaldehyde determine 
the extent of NH4HS04 extraction. We telieve 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 prepared by spotting 
with aqueous solutions. In the presence of atmospheric particulate 
matter, a positive interference by :m4HS0 4 in t"he benzaldehyde extraction 
method was not observed; evidently both H2S0 4 and the HS0 4- react with 
aerosol constituents. The median recovery of total strong acid was 36% 
by titration. It remains unclear why recovery of strong acid, following 
atmospheric particulate-H2S04 interaction, was substar.tially higher if 
the acid sulfate was the dominant strong acid being measur-ed. 

For low volume filter sar:ipling , an armnonia denuder was fabricated and 
show11 to remove > 99% !-JH 3 at the 100 ppb level. It was intended to 
mini1nize neutralization of acid sulfate2 after -t:.hei.r collecticn 2y 1"'e~oYi:--_6 
NH 3 ahead of the filter. However, use of an a!""lonia denuder with a 
nearly neutral pH glass fiber pre-filter was found ineffective in pre­
serving H2S04 aerosol on a Teflon filter when exposed to ambient 'l.ir. 
We specul&te that dissociation of Ifrl4N03 on t.he 9re-filter L~ay provide 
the NH 3 needed to neutralize the acid on the dow~strea..~ filter. Since 
a pre-filter is not used in atmospheric sa.::npling for H2S04, this 
experiment may not be totally relevant. 

The efficiency for collection of nitric acid was > 96% for NaCl­
impregnated Whatman 41 filters. For n:rlon (Duralon) the efficiency 
appeared to depend en the total amount of nitric acid sampled. However, 
at atmospheric levels its efficiency was equivalent to that for NaCl­
impregnated filters. Duralon (l~illipore Corp.) and Ghia Corp. nylon 
filtej:S were equivalent at up to 300 µg/m 3 Hi:0 3. Teflon and acid-washed 
quartz filters showed negligible artifact nitrate formation with !102 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% ENO 3 retention, probably reflecting the effect 
of variability in losses of adsorbed nitric acid in storage a..~d handling. 
In all cases Teflon filters showed the least artifact particulate nitrate 
from nitric acid. Heating of the pre-filter and liolder 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 sa!r!})ling. 
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Sampling was done in Pittsburg, CA for strong particulate acid, H2S04 , 
HN03, lffi3, NO 3-, S04 =, NE4+, S02, HO and !102 for a 72-hour period in 
early February, 1979. Si de-by-side sampling was done wi~n a respin1u.Le 
particulate hi-vol (acid washed quartz fiber filter), and a respirable 
particulate lo-vol sa.~pler (Teflon filter) the latter employing an 
ammonia denuder. Ammonia was sampled wit2 oxalic acid-impregnated 
filters using glass fiber (pH= 7.6) pre-filters. Filter changes were 
made at 2 to 8 hour intervals. The nitric acid and ammonia sanplers' 
pre-filters were briefly heated at ca. 50°C following sampling to 
maximize recoveries on the collection filters. 

The highest H2S04 level observed was 0.6 µg/m 3 which coincided with a 
maximum in total particulate acidity (1.6 µg/m 3 expressed as E2S0 4 ). 
While acidity was me2.surable, no H2S04 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 precedi.n:;; laboratory studies, these results 
represent lower limits to the true levels of H2S04 and strong acid, 
which may be a factor of three higher. These i.ni tial results may be 
compared to the current California significant harm level standard for 
24-hour average water-soluble sulfate, 25 µg/m 3 • 

The two sampling procedures for nitric acid showed aver>3.ge agreement 
within 4%, with leve>ls of nitric acid in the r8.nge 0.7 to h µf/m 3 

(0.3 to 1.5 ppb). Ammonia levels ranged from zero to 13 µg/m (19 ppbl. 
The diurnal variations for llH3 and particulate IJH4 + ·,,;ere strongly 
correlated even though :rn3 and Fl-!03 levels were well below values causing 
saturation with respect to NH4:-T0 3 formation. T!.1e eation-anion balar.;ce 
in the aerosol phase indicated a substantial excess of NH 4+ consistent 
with the prese>nce of other imporlant anions (not determined) such as c1-. 
or with the collection of lfrl3 by adsorption on the filter and/or parti­
culate. The latter would be consistent with prior observations of the 
volatility behavior of particulate bound 1Iii 3 in atmospheric samples. 

Comparison of the total nitrate (i.e p'l.rticulate nitrate collected on 
a Teflon pre-filter plus nitric acid retained :en an active filter down­
stream) with the nitrate observed on a glass fiber filter (Gelman A) 
showed agre'=.'l<"nt, on averae;e, within 3%. Thus , at least at the low 
HN03 levels encountered, these glass fi"ber filters collected all the 
true particulate nitrate as well as tne nitric acid. Ambient r.0 2 
appeared to play no role in influencing artifact particulate nitrate, 
consistent with prior studies. 

A sampling study for H2 so 4 , HJ'/0 3 , particulate acidity and true parti­
culate nitrate in the South Coast Air Basin is planned for the summer, 
1979. 
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Principal cor.clu.sions fro::n tt0 e current study are as f0llows: 

1.. Measure':!ent of sulfuric acid. and total acidity car: "be :::ade by ben:al­
dehyde extraction and :,'t:::-atior. with laboratoc·-;,;enerated H2S0 4 aerosol 
on clean !"ilters wit:1 a r~,c·-:,rer:," of > t~O% of t·n.,:: :.rue vg,lue. However, 
the presenci: of re.:-;':..~3.:ii.e ::.:.t."':".. o3pher:.c p8.r"!:ic·:.;.late rr:::.tter decreased 
recoveries of E2S04 to be:!.c-~· 3'J~. Str0ng acid recoveries usually 
remained abo..,e 6G1. ?:1:r-t::1er::o~e, ~he eli~inat.ion of large, scil­
related particles D:/ '"se cf a c:,0 clone, al::me, o:::- in combinaticr. •,;i th 
ammonia re~o"'ral is -:2rob2.Cl....t i.:1s~:--ficie:-it to p~r~iit rceasurement of 

_ ~ 'O''"'~t-"d f-c= li' n•· .._ 1"-:-phas,s 
must be give:1 to shorter ~err.: o~ lo\.ler flov,.r r3.t'= sampling to C..ecrease 
acid interaction with ctt:er uerosol constitc1er.t3. 

H2So4- at lea:._11..,, ....1.. o,.. sa-·,~: •• .L(..~_ '- ..:....l.-1..- _ .J.. i .• .:._ '- _ __, -.. .L 
3 

._.l,_ a;r • ~ ..,. 

2. Additional ~rnr'.~ is needed to clarify t::e interference effects of 
ammoni1.un acid 5,JJ.f3.te .:.n :-:i 2 .~C: 4 and s"trong acid. T.eas'..lre:::ents. 

3. Gaseous nitric acid c:u1 oc "'.',Eflsured "by collection with either nylon or 
sodiu.111 chloride imnre=ated cellt.J.ose filters at ambient concentration.3, 
vith excellent agr~e;;;;n-:; oe:,·.-een r:iethod3. A 15% uncertainty in iG03 
value remains, resulti,L:; frcT:1 variaoility in the extent of nitric acid 
retained c:,' adsorpti::in on :::,art:.culate-loadei pre-fil-:ers. 'l'his 
unCertainty should be el~~inated by AIHL studies exte~ding the present 
work. 

4. Artifact nitrate formation on glass fiber filter::; irr field sa.'l!plini:; 
corresponded to the collect:..o~ cf 100;1 of the 1-nhient nitric acid. 
Thus it is likely t:nt nitrate ·ralues abt:i.ined t:r the present ARB Hi-vol 
network represent the :u::i o~ ~ar~iculate n~lrate and ni~ric acid ~ather 
than particw..ate nitrate, alone. 

5. Further studies are need.ed e~.;clcying cont'.nuo;is !'lethods for H2S04 in an 
effort to overcc2e c~e larre negative interferenc~ by other aerosol 
consti tue!lts. Since :Jositive er?·ors are r.1ore :Jrobable with continuo'.1s 
methods (e.g. vola.ti"..":i.zatio-i of sulfate salts ~s ·.-ell '.l.S H2S04), 
simultaneou;; applica.ticr. or continuous and the ir.tegratP:i tecl'".niq_ues 
described herein should provide both lower and upper limits to the 
true H2S04 level. 
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III. SULFURIC ACID MEASURE!,'.ENT BY SELECT:VE ti:TRACTIO::r 

A. Introduction 

Leahy et al at Brookhaven National LaboratorJ (BNL) have demonstrated 
the selectivity o::' benzaldehyde for extraction of sulfuric acid 
(Table 3); ammonirnn sulfate and acid sulfate are relativel:,· insoluble. 27 
The H2S04 removed is extracted from the benzaldehyde into water by 
liquid-liquid extraction. Once in the water phase, the sulfate from 
the H2S04 can be analyzed by any procedure ;;ith adequate sensitivity. 
For our ~ork these analyses were done by the AIHL microche::-.ical 
method. 2 This is a colorimetric procedure operating in the range 
1 to 14 µg/ml. 

From the data given in 'rable 3, the recoverJ of the acid ap:;ieared to 
depend somewhat on filter t;:rpe and amount of acid. For sarr:ples 
> 10 µg collected on acid treated quartz, a recovery of :::_ 75% was 
found in the absence of atr,ospheric particulates. Employing atr:1ospheric 
samples collected on acid treated quartz filters without protection 
from ammonia, BNL found sulfuric acid levels of up to 0.16 µmoles/m 3 

(15 ug/m 3 ) from aerial sampling in the St. Louis urbar1 plume~ Sulf·s.!ric 
acid in general was only r:1easurable •,1hen the H+ /NH4+ molar ratio was 
> l. Otherwise, any sulfuric acid initially present was presl.ll!'.ably 
be converted to the acid sulfate, I'Ei 4 HS0 4 . While still titratable 
as a strong acid (see Section IV) the acid sulfate seemed to 1.;:c: 

relatively insoluble in ben::aldehyde. The conversion of the sulfuric 
acid to the acid sulfate could involve reaction with gaseous a.J:1:.:onia 
and/or reaction with suifate salts such as ammoni1.!Ill sulfate. 

An independent evaluation of the B:iL selective extraction orccedure 
was performed by tl1e Southern Research Institute (SRI) 30. - ':'heir 
work demonstrated H2304 recoveries of ~~proximately 90% (C.V. < ~%) 
from Teflon (1,!i tex) filters using a rdcroti traticn of sulfate ;-ith 
barium perchlorate to a thorin end uoint. The minimum quantity of 
H2S04 that could be determined was 5 µg. Calcium sulfate, lE:! HSQ 44 
and (NH4 hS04 in the absence of H2S0 4 , were sho,;n to be > 95;; 
insoluble in anh;rdrous distilled benzaldehyde, stored under :i2 , 
when spiked onto filters. However, iL &".lather study of the B:11 
methcd using reagent grade benzaldehyde, about 25% of NH4HS0 was4
solubilized. 41 

Following partial neutralization by NH 3 of an H2so4 aerosol on a 
clean Mi tex filter, SRI workers found that what was thought to be 
H2S04 was still extractable b:,' benzaldehyde, For example, after 
adding 0.41 µequiv :m3 to 0. 80 µequiv H2S04, 0.29 µequiv of :m4+ 
were found in the aerosol and 0.57 µequiv residual H2S04 were deter­
mined by extraction. If it is assumed that a given aerosol particle 
is either completely neutralized to (ITH4 hS04 or remains as H2so4 
then the theoretical amour,t of H2S04 which should remain is 
0.80 - 0. 29 = 0.66 µequiv, only 16% greater than observed. If all 

2 
acid particles were neutralized to the sane de,;ree, then in the 
above example, 50% of tll Hz:30 4 particles would have been converted 
to NH4HS04 and O. 40 µequiv of H2S04 ·,rnuld r•.:main. ( about 30% below 
the observed). Assuning that ;m4HS0 4 remained insoluble in benzal­
dehyde, preferential neutrali zat ic.n to ('.IH4) zS04 of an upper layer of 
acid particles is inferred. 
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'l'able 3 

Benzaldehyde Extraction of H2S04 and NH4HS04 from Filtersa 

No. of Filter % 
Amount Sample Determinations Material Recovery 

10 µg H2S04 2 Quartz 75 

20-40 µg H2S04 2 Mitex 5 µm 71 

30 µg H2S04 1 Fluoropore 90 
0.2 µm 

20--40 µg H2S04 4 Quartz 78 

70-80 µg H2S0,1 4 Quartz 86 ,~ 
w 100 µg H2S04 5 Any of the 94 :!:. 8 

above 

10-70 µg NH 4HS04 3 Fluoropore 1.2 
o.:? µm 

a. Data from Reference 29, 



D. J. Eatough and co-,;orkers evaluatE:d the technique for analysis 
of H2so 4 in smelter flue dust samples. 31 The level of contaminant 
benzoic acid in benzaldehyde ,;as found to be critical in influencing 
the selectivity of HzS0 4 extraction. In the presence of benzoic 
acid, bevalent metal sulfates (e.g. Cu, Zn, Pb sulfates) were also 
extracted. 

In the current program beth cleaJ1 and soiled filters were loaded 
with sulfuric acid alone, ax1d in the presence of ( i'i11L+) 2S04 and 
NH4HS04 . The filters were analyzed by both benzaldehyde extraction 
and the titrimetric method for strong acid as reported in Section VII. 

B. Method Develonment 

1. Effect of Benzaldehyde on the AIHL Microsulfate Method 

Benzaldehyde is soluble in water to the extent of 0.3%. The 
aqueous extract analyzed for sulfate is satur'3.ted with benzaldehyde 
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 H2S04 standards with 
and without contacting with benzaldehyde. H2so 4 solutions were 
shaken with varying amounts of benzaldehyde and then centrifuged. 
Both redistilled and unpurified benzaldehyde were ~sed. 

Results were compared to simultaneous sulfate analyses of H2S04 
solutions without benzaldehyde extraction (Table 4). While the 
linearity of response remained unaffected, both the slope a.,d 
intercept can be altered. No consistent trend is evident in the 
changes observed. Since in all cia.ses a new working curve is 
prepared for each set of samples using benzaldehyde-extracted 
standards, such changes are likely to be insignificant. i!o 
effect of the ratio of benzaldehyde iwat,·r was observable. 
Accordingly, the AIHL microsulface was considered 
with the benzaldehyde extraction technique. 

2. Procedure for Sarr.ple Analysis 

Filter samples with laboratory-generated or atmospheric aerosols 
were sectioned as necessary and tra.,sferred to Teflon-lined screw 
capped test tubes in an NH 3-free chamber. :ire drying of samples 
was done. The tubes ,;ere flushed with argon, capped and stored 
in a dessicator under argon pending analysis. Ten ml anhydrous 
benzaldebyde were added under argon and the samples shaken 30 
minutes ( 60 minutes for atmosnheric samnles) on an Eberbach 1-'.odel 
6000 platform shaker at 90 os;illations-per minute.* Samples were 
then centrifuged 2 to 3 ~inutes at an estimated 2500 rpm. Eight 
ml aliquots were transferred to a new set of test tubes containing 
3 ml HzO under argon (benzaldehyde/water ratio 2.7). 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 AIHL microchemical meth"c;'d.28 

Sulfate standards were prepared in 3 ml H20. Eight ml benzaldeh;;rde 
were added to each of these and the standards shaken and analyzed 
together with each b'3.tch of samples. 

*For field sa.>nples in which li2S04 ae:·osol might be physically shielded by ot:1er 
aerosol constituents the longer extraction period ·.as considered desirable. 
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Table 4 

The Effect of Benzaldehyde on Working Curves 
for the AIHL Microsulfate Methoda 

¢cH0/H20, With Benzaldeh,:t:de Without Benzaldehyde 
v/vb Slope Intercent r ~ Interce12t r 

1.0 0.0585 -0.0153 0.999 0.0540 -0 .003 0.999 

1.0 0.0581 -0.0570 0.999 0.0558 -0.016 0.999 

1.7c 0.0523 -0.008 0.999 

3.3c 0.0470 -0.0720 0.994 

_,,. 003 3.3c 0.0538 +0.0264 0.999 0.0546 0.999 

Mean 0.0539 -0.025 0.0548 -0.0073 

Std. Dev. 0.0047 0.0396 0.0009 0.0075 

a. In all cases 3.0 ml of H2S04 standards were extracted. 

b. Benzaldehyde/water volume ratio. 

c. Benz.aldehyde distilled in inert atmosphere. 
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C. Benzaldehyde Purification and Storage 

Pre-dried benzaldehyde was redistilled from Linde type 4A molecular 
sieve at 40 mm Hg under nitrogen through a 12" Vigreaux column, stored 
with protection from li.;ht, and dispensed under argon. Freshly dis­
tilled benzaldehyde was found to contain 0.06 :!:_ .oo6%w benzoic acid. 
After five months storage and immediately following interference 
studies with HH 4 HS04 (Section VII), reanalysis indicated 0.6 :!:_ o.o6%w 
benzoic acid. T'nus the acid content had increased by a factor of 10. 

An estimate of the water content of the benzaldehyde following 5 months 
storage was made by comparing the color change of anhydrous copper 
sulfate in benzaldehyde to that in chlorofonn with known water content. 
The results indicated.::._ o.oo4%w water. 
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IV. THE MICROTITRATI011 METHOD FOR STRO;lG ACID 

A. Introduction 

C. Brosset and co-workers r.ave employed microtitrations of aqueous , 
2

__ L 
extracts of particciate matter to measure the acidity of such sa.r.iples. ~ 5 

To measure strong acids j n mixtures with wea.~ acids, Gran's plots were 
used. In a conventional potentior.ietric titration an "S'' shaped 
titration plot such as Figure lA is obtained. In a Gran's plot, the+ 
ml of titrant (!laOH) added is plotted against the concentration of H 
remaining. If the volwne change due to the added titrant is negligible, 
the result is a linear titration plot '.Figure lB). The right hand 
portion of the plot is shown as the mirror image of the actual plot of 
(W) vs. ml titTant or as the increasing concentration of unneutralized 
hydl'oxide. Real titration curves t:rpically show curYature near the 
eq_uivalence point ( i. e-. the ml of ti trant corresponding to zero sa.rrcp:..e 
in the Gran's plot). The advantage of the Gran's plot is that the 
endpoint can be accurately determined by extrapolating fror:1 the initial 
linear portion of the curves. 

Brosset reported that in atmospheric samples, titrated in the absence 
of CO 2 , strong acids (pKa < ca. 3) can be distinguished from weak 
acids (pKa > ca. r). A tabulation of acidity constar.ts for some acids 
of possible significan::e is given in Table 5. In the presence of a 
mixture of one or more strong and weak acids, the Gran I s plc.,t exhibits 
a linear sect ion followed by a curved section. Extrapolation of the 
linear section to the hori. zontal axis gives the total strong acids 
present. Figure 2 illustrates Brosset's data as a Gran's plot for 
a mixture of sulfuric acid and hydrated Al+ 3, Al(H20) 63+ ·,:hic'1 titr8.tes 
as a strong monoprotic acid.* Extrapolatton cf the linear portion 
yields a total H+ of 0.8 x 10-6 moles H+ compared to a theoretical 
value of 0.85 x 10-6 moles f:,+ (from H2S04 and the hydrated. aluminum 
ion). Quantitatic~ of weak acids (as defined above) in the presence 
of strong acids does not appear feasible. 

The instrument evaluated for the analysis at AIHL was the "Autoburette 
AB 12" manufactured by ?.adiometer of Denmark with 250 µl capacity. 
Using 0.01 N NaOH, each ,nicroliter neutralizes about 0.5 µg H2S04 • 
The readout cf the volumetric counter allows a precision of 0.1 µl, 
and the pH meter digital display, a precision of O.COl units of pH. 
The instrument titrates auto~.3.tically to a preset value of pH. The 
speed of titrant addition can be regulated by adjusting the speed of 
the piston of the bu.rette or by a proportional time chopper, which 
reduces the increments of addition of titrant as the value of the 
measured pH approaches the preset Yalue. The endpoint is 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 automatically are shown in Appendix A. 

*The axes have been multiplied by volwnes to obtai;1 sample and titrant in moles. 
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Table 5a 

Antl1ropogenic Aci.ds and Their Approximate Strength 

Acid Strength Acid Strength Acid Strength 

(pKa) (pKa) (pKa) 

HCl strong HF 3.2 B(OHh 9.0 

HN03 strong Fe(H20h 3+ 
'\, 3 NH4 

+ 
9-3 

HzS04 strong Fe(Hz0)50H2+ '\, 3 HCN 9.4 

H2S03 1.9 benzoic 4.2b 

HS04 2.0 adipic (pKa 1) l4_4b 

H3P04 2.1 acetic 4.8b 

Al(H,,O ),, 3+ n,,. V 5• 

H2S 6.9 

HS03 - 1.2 

H2P04 1.2 

a. D~ta from reference 33 except as noted. 

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

Figure 3 shows the fraction of individual acids, in distilled '.{20, 
titratable by NaOH at a given pH using the ?.adiometer automatic 
titrator. It ::-eflects directly t'1e degree of ionization of each 
acid at a given pH when in the presence of ions for::ned by neutraliza­
tion (e.g. Na+, adipate ion) 1mt without other added elect.rolyte. 
The degree of ionization L, a fur.ction of the acid considered a.'ld 
varies with the ionic strength of the medium. wtlil.e H2:SU4 is nearl;,· 
totally ionized at pH> 4 (and, therefore, the equivalents of base 
added to neutralize the H30+ in solution is eq_ual to the eq_uivalent 
of H2S04 in the sample) organic acids show reduced ioniz:aticn at p:1 
values below 7 and approach zero at pH 3 and below. T'ne degree of 
ionization of organic acids in a mixture witio strong acids (e.g. 
H2S04 , IDJ0 3) and salts may differ substantially from th2.t for -;mre, 
individual acids i.n distilled 'o"a.tE:r. ?or exalli}')le, t.he io1,ization of 
acid, HA, in solution reflects the cquilibi1L-:1. fL\ + H28 -; H30+ + A­
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, ·,;eak acids should exhibit }esser inter::'erence 
in the titration of strong acids than is implied by Figure 3. rurt.her­
more, by titrating such mixtures to pH= 4 (rather tha.~ 7), ~ 96% of 
the H2S04 should be determined while cenzoic acid should exhi:,it < 3T~; 
positive interference and adipic acid (hexanedioic acid), .:::_ 17% 
positive interference. 

As a trial of interference effects and of analytical techniques, a 
set of ten solutions were prepared containing H2S0 4 pJ.us hexanedioic 
acid, H2SO~ plus benzoic acid, and E2S0 4 plus both organic acids. 
Assuming a 24-hour collection of H2S04 at 1 µg/m 3 with a low vol~~e 
(20 m3) sampler and extraction into 5 ml of water, a..~ acid concentra,,ic.;,, 
of 0.4 µequiv/5 ml would be expected. The ten 3-::lutions were adjus-::ed 
to provide concentrations i11 this range. To 5 ml of each sa!r~le -...,.-a:s 
i:,dded sufficient HN0 3 to reach 1JH = 4.0 in a pure water solut::.:in. T;-1e 
observed pH was between 3.4 and 3.8. The solution was then ticrated 
back to pH= 4.o. In only three cases (VII, VIII, IX cf Table 6) '.a: 
the Gran's Plot non-linear. The difference in result:, bet·,;een the 
extrapolated intercept (from initial slope) at pH= 4 and the observed 
incercept wae ::.._ 10% in these cases. 

The observed intercept corresponds to the volU-~e of titrant require1 
to reach pH= 4.0. Under these circumstances an extrapolated inter­
cept was gencYall;r unr,ecessary ,md the volume of ti trant could be 
obtained with better precision from the digital readout of titrant 
volume. These 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 µg/rnl 
in Figure 4. They ge~erally show excellent agreement with true value3. 
The presence of benzoic acid (pKa = 4.2), which is distinctly core 
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Table 6 

Analysis of H2S04 by Gran's Titration in 
Mixtures with Weak Acidsa 

Sample H2S04 

I o.4o 

II 0.20 

III o.4o 

rv 0.50 

V 0.20 

VI o.4o 

VII 0.20 

VIII 0.79 

IX o. 79 

X o. 79 

(iiequiv/5 ml) 

Hexanedoic 
Acid 

o.4o 

o.4o 

0.20 

0 

0 

0.20 

0.20 

0.80 

o.4o 

0.20 

Benzoic 
Acid 

0 

0 

0 

0.20 

O. 50 

0.20 

0.20 

0 

0 

0 

Observed 
Strong Acid 

o.41 

0.21 

O .39 

0.51 

0.29 

o.43 

0.22 

0.78 

0.77 

0.74 

a. Titrations to pH= 4.0. Results corrected by division by 0.96 for the 
4% R2S04 re~aining unneutralized at pH= 4.0 in a single system con­
taining KN03 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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acidic than adipic acid (p?Ca1 = 4.4), caused a consistently positive 
error. l'he largest error was observed for sample V which was about 
30% H2S04 and 7C:% benzo.:.c acid (on an equivale:'.1.ts basis). The results 
suggest an 18% positive interference by benzoic acid at this con­
centration compared to the value.::_ 37% predicted from Figure 3. 

For the remainder of this study all microtitration data were based 
on titrations to pH= !..L.o with direct reading of 1:,1.-r:;rant volu=ie. 
With ambient air sa.r:iples, Gran's plots were made to verify that the 
slope was equivalent to that i'or sulfuric acid.* In all cases where 
there was sufficient strong acid to pennit determination, this was 
the case. 

In a similar manner interference effects of aluoinum and ferric salts 
and ammoni U.'11 sulfate was evaluated by analyzing O. 2 µequi ,alents of 
H2S04 alone and in mixtures with one of the interferents. Results were 
calculated both from the recorded volume of titrant (O.JlOH NaOH) 
required to reach the starting pH (4.0) and, graphically, from the 
simultaneously constructed Gran's plot. ~ne results (Table 71 
indicate no interference fl·o!'l ( ITH4) 2S04. 'I11is is consistent wi t.h 
expectations since the resulting HS04- (pKa = 2.0) should still be 
titrated as a strong acid. Similarly the A1+ 3 salt showed.::_ 10% 
interference. However, interference from the Fe+ 3 salt was strong. 
In aqueous solution this hydrolyzes to Fe(H2o)+ 3 which, in turn, 
dissociates as a dibasic acid (pK 1 = pK2 = j). Thus 0.134 µmoles 
Fe+ 3 (from 0.067 µmoles Fe 2(so4 ) 3 ) should yield 0.27 ]J1Iloles W. This 
compares to J.26 .!. 0.04 µeq_uiv (or µmoles)~ observed, averaging 
results by both techniques with and withou~ added H2so 4 . 

T'ne degree of interference from Fe + 3 in atmospheric samples depends 
on the extent of water solubility of the iron in particulate ;;:atter. 
Selected aq_ueous extracts were analyzed for iron concentrations by 
atomic absorption as discussed in Section :X. 

*The slope for H2S0 4 is not distinguishable from that for HS04 ru1d other 
strong acids. 
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Table 7 

Interference Effects in H
+ 

~etermination by Titrimetry 

Observed H+ (µeauiv) 
bSample-" Titrimetry Gran's Plot to pH = 4. oc 

0.20 µequiv H2S04 0.22 + .01 0.21 + .02 

0.20 0.20 

0.20 µequiv H2S04 + 0.067 µmoles 
Al2(S04)3d 

0.22 0.20 

0.20 µequiv H2S04 + 0.067 µmoles 
Fe2(S04)3 

o.46 o.42e 

0. 067 µmoles Al2( S04 ) 3 d 0.02 o.oo 

0.067 µmoles Fe2(so4 ) 3d 0.31 0.26e 

a. All samples have O. 88 µeq ID!O 3 in 5 ml H20 yielding pH = 4. 0 in pure water. 

b. Based on volume of base to reach pH= 4.o. 

c. Volume of base to reach pH = l. from automatic generation of GrA.n' s plot. 
Except as noted, Gran's plot was linear to pH= 4 requiring no extrapclatio~. 

d. 0.067 µmoles yields 0.2 µmoles sulfate. 

e. Extrapolated from initial slope. 
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V. THE WEST METHOD FOR TOTAL ACIDITY 

A. Introduction 

The West procedure26 is based on the displacement of the equilibriUII! 
between an indicator in its basic (In-) and acidic form (Hin) in the 
presence of acids: 

K= [Ir] [In-] 
Hin 

11_ri_-·_1 = [ form with alkaline color] = 
or L!ilnT [form with acid color] 

In this tech.'1ique bronphenol clue (BPB), \>."'hich is protonated at about 
pH = 4, was selected because it is not affected by carbon dioxide and 
because it provides an appropriate working range with strong acids. 
The measured absorbance at approximately 590 nm is used as a direct 
measure of the H+. 

B. Evaluation 

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 a..-:td 4) to 
evaluate the effects of possible interferents. 

A comparison of the lower portion of West's working curYe relating 
total acid (as µg/ml H2S04 ) and absorbance is shown in Fig-ire 5. 
The solid lines represent several AIHL trials differing in the 
freshness of the reagent or length of standing of solutions. The 
AIHL results show generally better agreement with West's data at 
higher concentrations. Below l. µg/n1l t·ne me0hod loses sensitivi ty. 

For this method to be useful with low volume filter Sal!rples it is 
essential to demonstrate its usefulness with smaller aqueous extracts. 
Figure 6 shows three trials differing in oruer of addition of acid 
and indicator and time for standing before reading absorbance (30 or 
60 minutes). The results for the three trials showed exceller.t 
reproducibility and a useful working curve in the rar.ge l to at least 
15 µg/ml, using H2S04. For these trials, absorbance readin6s were 
made at 592 r.rn rather th&~ 587 nm as specified by West. Using a 
B&L Model UV 200 spectrophotometer, 592 nm corresponded to the mid­
point of the absorbance maximum. 

The effect of the following potential interferents was briefly 
evaluated: 

CO2 Al2(S04)3 
Fe2(S04) 3 (NR4)2S04 
FeS04 1'H4HS04 

In separate experiments, each of the sulfate salts was added at 
a concentration sufficient to produce 10 µg/ml so 4= (assuming 
complete ionization and dissociatio:1). Carbon dioxide was added 
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Figure 5 

COMPARISON OF AIHL AND WEST RESl'LTS FOR CALIBRATION, CURVE 
(100 ml solutions) 
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by saturating ar.:. aqueous solution with gaseous CO 2 . The response 
for CO2 in this solution ·,as equivalent to 3. 3 1-1g/ml H2S04 . Since 
a dissolved CO2 level o~ < 1% of saturation is more tYJ)ical, a 
negligible effec-: cf at'.!lc;i:heri::: CO2 i.s expected, which is con­
sistent with Wes-:'s cla5!'1s. ~he results for ?e2 (S04 ) 3 (ferric 
sulfate) and 11H 4RS0 4 ( ar.:c.rnoni UD 2.cid :culfate) indicate conplete 
hydrolysis to a strong acid (i.e. one equivalent of sulfate yielded 
one equivalent of H+). r..ritl1 ~;H4rIS04 Lrie equ.tvaJ..ence of sulfate and 
ff+ was also denon::;trated at the 5 pg/ml sulfate level. Thus, if 
present, these l"laterials would be indistinguishable from sulfuric 
acid. However, ?eSOu, ,Uz (S:J4 ) 3 and (NH4 ) 2so4 showed no measurable 
interference. 

To complete these studies of interference effects known amounts of 
sulfuric acid were analyzed in raixtures with two weak acids, hexane­
dioic acid (pKa 1 = 4.4) and benzoic acid (pKa = 4.2). The results 
shown in Table 8 indicate posicive interference by both acids of, 
on average, 18%. Since aliphatic, ~icarboxylic acids are likely 
components in at:rr:ospheric samples40 , this method was considered of 
limited value and it was dropped from further s-cudies. 
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Table 8 

Analysis of H2S04 by the West Method in 
Mixtures with Weak Acids 

( ueq_uiv/5 rnl) 

Sample 

I 

H2S04 

o.4o 

Hexanedoic 
Acid 

o. 40 

Benzoic 
Acid 

0 

Observed 
Strong Acid 

0. ~7 

II 0.20 o.4o 0 o.44 

III o.4o o.~o 0 o.45 

IV 

V 

0.50 

0.20 

0 

0 

0.20 

0.50 

O. 55 

0.36 

VI o.4o 0.20 0.20 o.48 

VII 0.20 0.20 0.20 o.48 

VIII 0.79 0.80 0 0.81 

IX o. 79 o.4o 0 0.73 

X 0.79 0.20 0 0.75 

Ratio of Means Obs./True = 1.18 
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VI. EVALUATION C'F FILTER ISDIA. "'OR SULFURIC ACID A.rfD PARTICLE PHASE STRONG 
ACID M:SA.SUR:1,iEI·ITS 

A. Artifact Sulfate Formation on Filters with Sulfur Dioxide 

Filters to be used for H2S04 sampling must minimize artifact sulfate 
formation due to filter-S0 2 interaction. Accordingly, the following 
filters were evaluated for a.rtifa.e:t sulfate: 

Acid-Treated Quartz (Pallflex 2500 QAO)* 

GelmBI1 Microquartz 

Mitex, 5 µ:m 

F'luoropore, 1 pm 

Fluoropore, 3 µm 

Teflo, 1 µm 

Teflo, 3 µm 

Zefluor, 3 µm 

The filters were exposed to 0.2 ppm S02 at 50 a."ld 90% R.H. in 2-hour 
periods. Two trials were made with each condition. Flow rates were 
22 1pm except with the quartz filter. This was run <J.t a flow rate of 
1. 3 cfm to provide a face velocity equivalent to tnac of an 8 x 10" 
filter at 40 cfr:1. None of the filters formed measurable ( i.e. 
~ 5 µg/So 4=/filter) levels of artifact sulfate. 

Retention of S0 2 as sulfuric acid, if significant, would have caused 
increased values of both sulfuric acid by henzaldehyde extraction and 
increase in particulate acidity. Retention of NOx species such as 
IDI03 would also have ell.used increase in particulate acidity. Studies 
of retention of NOz and H!!O 2 on filter media, including tr.ose used 
for sulfuric acid and particulate acid measurement, are included in 
Section VIII. 

B. Efficiencies of Filter Media for H2so,. Collection 

Filter efficiencies for~ 0.3 µm H2S04 particles were determined by 
sampling laboratory-generated H2S04 aerosol at 1 cfm (fa::e velocity 
34 cm/sec) with a 47 mm multiple filter holder (!ruclepore #470400) 
containing the filter type under evaluation followed by a 1 µm 
Fluoropore filter (after-filter) to collect any aerosol which pene­
trated through the initial filter. Fluoropore (1 µm) was employed 
as the a.fter-filter in all evaluations based on its high collection 
efficiency** and high sulfuric acid recovery with water extraction. 
Immediately following exposure, the filter being eYaluated, the 
underlying filter support grid and Fluoropore after-filter were 
extracted in 5 ml of distilled water with periodic, vigorous manual 
agitation for 48 hours at room temperature (22°C). Sulfate analyses 

*The acid treatment procedure is described in Appe~dix H. 

**Liu and Lee47 reported> 99.99% efficiency for this filter with 0.03 to 1 \Jm 
diameter dioctyl phthalate particles while ,John an.d Reisch137 found > 99 ,9% 
efficiency with room air dust. 
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were perforn:ed by t'~::' ,UHL microsulfate !:lethod. 28 Analysis of the 
filter support screccn ·,ms included as it was the only filter holder 
surface upstream of ::,0 aster-filter capable of collecting detectable 
amounts of sulfate. ~esign of the sulfuric acid aerosol generator 
and characteriza.tioc ,f the aerosols produced are discussed in 
Appendix B. 

Fi 1 +_.,..~+_; "n ~f'f'i ,... ; ~r:0~ A~ for a fitter were determined as the fraction 
of H2S04 on the filter· compared to the total H2S04 on it, the after­
filter, and the filter screen. H2S04 penetrating the after-filter 
(1 µm Fluoropore) ·,;:,.c ignoreJ, based on studies in which an impinger 
was used following th'? after-filter ( see Appendix B). 

Nine filter types were evaluated for filtration efficiency including 
two quartz and seven '.:eflon filters. The latter included Fluoropore 
in three pore sizes a:id two types of Teflon filter f'rom the Ghia 
Corporation, "Teflo" r';'eflon filters bonded to a polyester ring about 
the perimeter) a.,d "::'.eflue,r'' (Teflon filters stiffened with a backing 
of a coarse Teflon). In addition to filtration efficiency, ease in 
mounting, cutting and H2SO~ recoverJ were evaluated. 

Res-..:lts of the filter efficiency evaluation are given in Table 9. 
In general the efficiency decreased with increasing nominal pore 
size; both l \Jlil Teflo,.-, filters, Fluoropore and Teflo, showed about 
98% efficienr::,r. 1'he C1. 5 µm unbacked Fluoropore results ap:;:,ear 
anomalous. Both quartz fiber filters showed> 98% efficiency. 

The current progra..'ll for H2S04 collection required one filter medium 
suitable for hi-vol sampling and at least one for lo-vol sa;:ipling. 
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 µm compared to their l µm filter the 1 µm 
pore size Zefluor filter was chosen~ 

Based on ease of handling, collection efficiency, and lack of artifact 
sulfate formation "botL acid washed quartz and Gelman microquartz 
appeared suitable for further evaluation. 
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Table 9 

Collection Efficienci~s of Selected Filters 
for~ 0.3 µm SulfUric Acid Aerosol (µg so4=) 

Filter 'I}'.]2e 
1st 

Filter Screen 
2nd 

Filter 

Filtera 

Collection 
Eff. (%) 

Fluoropore, 1 ].Jlll 
C 

549 
503 

dTeflo, 1 µm 1069 
746 

Fluoropore, 3 µm 
C 

534 
560 

dTeflo , 3 ]Jill 709 
657 

Zefluord , 3 ].Jlll (thin backing) 673 
624 

Mitex, 5 µIll 
C 

317 
384 

Microquartze 453 
470 

Acid Washed Quartz f 537 
(Pallflex 2500 QAO) 516 

Unbacked Fluoro_rJre, 0.5 µm 
C 440 

429 

5.0 
4.o 

5.9 
5.2 

N/Ab 
8.3 .:. 1.1 

10.4 
10.5 

14.8 
12.6 

8.o 
8.5 

3.0 
0.5 

1.5 
1.5 

4.o 
5.5 

6.o 
6.5 

6.2 
9.6 

8.5 
5.0 

26.4 
18.0 

15.7 
15.9 

11.5 
14 

1.5 
1.5 

6.5 
7.0 

14.8 .:!:_ 3.2 
12 

98.0 
97.9 

98.9 
98.1 

N/A 
97.7.:. .2 

95 .1 
95.8 

:;';. 7 
95.6 

94.2 
94.5 

99.0 
99.6 

98.5 
98.4 

95.9 + 0.7 
96-:i. 

a. Filter collection = _ [ (Screen)+ (2nd filter) ]1Efficiency% (1st filter)+ (Screen)+ (2nd filter) x lOO 

b. N/A = data not available. 

c. Millipore Corp. 

d. Ghia Corp., Pleasanton, CA. 

e. Gelman Instruments Co. 

f. Pallflex Products Corp., Putnam, CT. 
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VII. EVALUATION OF H2S04 A.:ID ACIDITY ME'I'HO::JS USING LABORATORY AEROSOLS 

A. Preliminary Study fer Filter Selection 

The objective of this preliminary study was to select filters showing 
high recoveries of H2S04 for detailed evaluation. Loss of H2S04 in 
these studies could be ascribed to acid-filter interaction since 
great care was taken to minimize the possibility of neutralization 
by ambient ammonia.* 

Three filters of each of six types were loaded with a nominal 60-80 µg 
H2S04. Filters were cut in half in an NH3 free cha~ber, a..~d 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 H2So4 determination. Sample transport 
and storage was done under argon to minimize neutralization by 
atmospheric ammonia. 

Results of H2S04, Wand S04= 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 µm Fluoropore 
yielded about 90% acid by both techniques. Recoveries with unbacked 
Fluoropore (0. 5 wn) were close to quantitative, prompting further 
evaluation of similar Teflon filters lacldng a polyethylene backing 
but with somewhat greater pore size. 

B. Recovery Studies with Inert Filters 

H2S04 recoveries were determ.ined with acid-treated quartz and Teflon 
membrane filters using about 50 µg per filter H2S04 loadings. Filters 
were quartered as described in Appendix B. One quarter was used for 
benzaldehyde extraction and the remaining quarters were used for H+ 
measUI·ement and sulfate determinations. The exnected level of H2S04 
was about 13 µg extracted by benzaldehyde and 39 µg for the other 
analyses. The results are given in Table 11. The acid levels 
determined titrimetrically were similar to those in Table 10. Re­
coveries of the acid by titration were relatively high and similar 
for the two experiments using acid-washed quartz and 1 µm Fluoropore. 
Recovery of the acid by benzaldehyde extraction is somewhat lower in 
Table 11 compared to Table 10. This is to be expected since the H2So,. 
levels are lower. Recovery of ca. 10 µg H2S04 from acid-washed 
Pallflex 2500 Q,AO 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 
g,--;n ny +_;+_,...ci+ir,n ,...,....m~a,...,:::,.~ +t""'\ ("Y't-- al"";r,_"f.T!:tiChAl'i ~1l!:l't"'+'7.. How-~l11r""\l"'l""'lpr-.l"'~ 

ever, average recovery of H2so4 by benzaldehyde extraction was slightly 
higher. 

*Loss of H2S04 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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Table 10 

Preliminary Screening of H2S04 Recovery from Candidate Filters (µg so4=/½ filter) 

Filter Type No .. H+(titrimetric)a 
H2S04(benzaldehyde 

extraction) S04=d 
H+(titrimetric) 

so4= x lOOe H2S04 
S04= :ll: 

f 
100 

Acid Washed Quartz 76 
77 
78 

b 
39.5b 
44.ob 
42.6 

55.2 
35,2 
37.1 

44.2 
47.1 
41.6 

89 
93 

102 

125: 
75 
89 

Gelman Microquartz 79 oc 34.l 7,3 0 l,70 
80 oc 47. 4 26.1 0 180 
81 oc 0 6.6 0 0 

Mitex, 5 µm 85 5.0 32.0 8.8 57 3!10 
pore size 86 25.4 27.4 22.4 113 122 

87 12.5 24.l 28.2 44 85 

Fluoropore, 1 µm 82 32. 3b
b 27 .4 36,5 88 75 

pore size 83 32.8b 30.6 35.8 92 8~ 
ld 84 32.l 32. 7 33.7 95 9'7 
':'\ 

Fluoropore, 3 µm 88 34.5 33.5 38.9 89 5r:; 
pore size 89 30.11 30.7 33.6 99 Yl 

90 29.1 27.2 31.9 91 es 

Fluoropore, 0.5 µm 91 25.0 23.8 23.8 105 100 
(unbacked) 92 29.5 35.0 32.2 92 109 

93 34.2 26.0 31.6 108 82 

a. Except as noted results are not corrected for filter blank. 
b. Results corrected using filter blank values given in TablE! 3. 
c. Subsequent studies l.ndicated a filter blank of ca. -40 (Le. the filter is alkaline). 
d. Using the AIHL microchemical method. 
e. Percent recovery of acid by titration. 
f. Percent recovery of acid by benzaldehyde extraction. 



Table 11 

H2S04 Recovery frorn Inert Filter Media ( µg S04=/½ filter) 

HzS04(benzaldehbde =b H+(titrimetric) lOOd dH2S04 x 100 
Filter Type No. H+(titrimetric)a extraction) S04 ,c S04- X S04= 

Acid Washed Quartz 14·rAQ 34. 5 18. 0 34. 5 100 52 
14BAQ 28. 7 20.6 29.8 96 69 
149AQ 35.8 25.4 37.1 96 68 

-----------·---------15 OAQ________30. 0---------·-------17.8-·----------35 • 5 _____________85__________________ 5 0 --·---

Fluoropore, 1 µro 139Fl 33.2 28.o 33.8 98 83 
pore size 140Fl 29,3 16.4 31.1 94 53 

14:LFl 31.9 20.0 32.9 97 61 
14:2Fl 25.4 23.1 29.6 86 78-----------·------------~---------------------------------------·---------------------------------------------------·---

Zefluor, 1 µm 143ZT1 24.9 21.1 30.1 83 '70 
pore size 144ZT1 27.6 23.3 33.5 82 70 

145ZT1 20.4 18.9 23.3 88 81 
146ZT1 31.5 23.6 31.9 99_ 74 

+ . )
H (titrimetric x 100 w Ratio of Means: H2SO~ x 100 

-l S04 so:+-

Acid Washed Quartz: 94 60 
Fluoropore, 1 µro: 94 69 
Zefluor, 1 µm: 88 73 

a. Filter blanks ( from recoYery of ll+ added to aqueous filter extract as µg S04= /½ filter): 

Acid washed quartz = -1.9 ~ 1.0 
Fluoropore, 1 µm = -1. :2 ~ 1.1 
Zefluor, 1 µm = -2.1 ~ 0.7 

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



C. Storage Stability of H2304 on Clean, Inert ?ilters 

Preceding studies demonstrated that clean, acid-washed Pallflex 
2500 QA0 quartz and Teflon filters (e.g. Fluoropore or Zefluor) gave 
relatively high recoveries of sulfu-"."ic acid within hS hoU-"."s of 
filter loading with laboratory-generated H2so4 aerosol. To evaluate 
the effect of storage of :'!zS04 recover:r, sets of four quartz and 
1 µm pore size Zefluor filters were J uacied ~..;i th abcut 50 µg H2S04 
each. Since the filter loading was not sufficiently reproducible, 
equal loadings on each filter could not be obtained. To permit 
monitoring of changes with time, ea.ch loaded filter was cut into 
quarters, and one quarter from each was combined and packaged in 
closed, Millipore cl.isposalJle plastic Petri :ii shes. With this strategy 
the total H2S04 on the four c;_uarters in each of four boxes was equal 
within the precision of sectioning one filter into equal quarters 
(C.V. = 2.5%). Zefluor filters were treated similarly. To evaluate 
storage stability four plastic bags were sealed each containing one 
loaded quartz, one loaded Zefluor and one each blank filter of each 
type, all in quarters inside closed ,-iillipore Petri dishes. 'I-wo bags 
were opened after one weelc of storage in laboratory air and analyzed 
for H+ a,1c1. H2S0 4 • ;The results were compared to those for two bags 
of s ampl€c", analyzed within 48 ho~s 01" loadi11g (Table 12) • 

Using the benzaldehyds extraction technique, the results ir.dicate, on 
average 71 + 6% and 91 + 10;{ recover;,' of the acid from AW quartz and 
Zefluor filters, respectively. Usi_ng the titrimetric method, recovery 
of the acid was 35.:: 18% and 93.:: 11% for quartz and Zefluor filters, 
respectively. In all cases, an apparent increase in acidity with 
storage time was obserred. Further srials would be needed to establish 
this as a consistent trend and establi_sh 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. 

D. Interference of Atmosuheric Particulates in H2S04 Determination 

1. Introduction 

To evaluate the effect of atmospheric particulate matter on recoverJ 
of H2S04 , sulfuric aciu aerosol was addPd to particulate samples 
collected on both acid-washed quartz and Teflon (1 µm pore size 
Fluoropore filters. Ar.. 8"x 10" quartz filter was loaded with 
atmospheric particulate by sampling in Berkeley for 24 hours at 
ca. 40 cfm during a period of relatively heav-J pollution (compared 
to typical Berkeley pollution levels) using a high volume res­
pirable particulate sampler (particles > 3. 5 µm are removed with 
a cyclone). The purpose of the cyclone-was to exclude much of the 
soil particulates which r.right neutralize sulfuric acid.. From this 
filter 12, 47 mm discs were punched. Five of these were loaded 
with approximately 100 µg H2S04 , five with 50 µg H2S04 and two 
with none to permit measurement of the initial sulfate and acid 
levels. 
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Table 12 

Storage Stability of H2so4 on Clean Filters (as ug S04- per filter) 

H2S04 

Filter 
H2S04 
added 

(benzaldehydea 
extraction) 

+ 't ·~ . t . )°H \ 1vr1me r1c 

initialc one week initial one week 

Acid-washed Quartz 61 :!:. 3d 41 46 44 60 

Zefluor, 1 µm 50. 8 :!:. o. 7 43 50 43 51 

a. Filter blanks ca. 1 µg/filter which is below the limit of reliable quantitation. 

b. Corr~cted for the mean blank for quartz= -3.9 + 2.0 and Zefluor = -4.2 + 1.4 
µg S04=/filter. r!ote that µg H2S04/filter is not significantly different than 
µg so4=/rilter. 

c. Analysis completed within 48 hours of' filter loading. 

d. Based on analysis for total H20-soluble sulfate following anal:,rsis for H+ . 
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Since it was not feasible to obtain simultaneous atmosnBeric sa=les 
on 47 mm FlunrnpnrP filt,.,rs, 14, 24-Lmir sar.,ples we>re ~htl'lined i; 
Berkeley over a period of about 3 weeks in October 1978. Of these, 
four were analyzed wi tr.out adc.ed H2304 and the mean and s-candard 
deviation for atmospheric sulfate assumed to relate to all samples. 
Initial sulfuric acid leadings were calculated by subtracting this 
mean from the total sulfar,e rr.easu.red after adding acid. Five 
samples were loaded with a"l'proximately 50 µg, and fi7e with 
approximately 100 µg H2S0 4 . Filters were then analyzed for sulfuric 
acid, total acidity and sulfate after varying storage periods 
following filter loading. 

2. Results 

The results given in TabJ.e 13 B.re expressed as percent H2S04 
recoveries. Acid recovery vB.luE:cs for quartz filters should be 
considered more reliabJ.e since the atmospheric sulfate level of 
the samples was accurately established. Results have been corrected 
for the acidity observed in the atmospheric samples. 

The results by benzaldehyde extraction indicate, in most cases, 
< 20% recovery of H2S04 . 7hese findings contrast with those by 
the titrimetric method ·wnich g'.i re an overall mean recovery of 
64 + 15%. These findings B.re co'.lsistent with the reaction of 
> 80% of the H2S04 with (NH 4 )2S04 to yield rl114HS04, This salt 
would be still be titrated as an equivalent amount of strong acid 
but would not be recovered by the benzaldehyde extraction ~ethod. 
The initial level of sulfate on the quartz filter, 206 µg/filter 
as sulfate, probably existed primarily as ( Nl!4) 2 S04. As such, it 
represented more tha::i twice the level of sulfuric acid added. 
The initial sulfate level on Fluoropore, 60 :!:_ 13 µg, indicates 
that the added H2S04 could be about twice the molar level of 
aDD11onium sulfate. Recoveries of acid up to about 50% by benzal­
dehyde extracti0n were observed with the high H2S04/initial 
sulfate ratio. 

3. Conclusions 

a. The reaction of .2_0.3 µm sulfuric acid aerosol with previously 
collected particulate matter appears to occur relatively soon 
after contact. !lo lo~ s 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 H2S0 4 to a form not 
extracted by benzaldehyde. 

c. Results are consistent with the reaction of a large fraction of 
H2S04 with S04= forming 2 moles of HS04- per mole of H2S04. 
The HS04- is indistinguishable from H2S04 by titration. 

d. Under conditions in which mole., of H2S04 .2. moles (NH4 ) 2S04 it 
appears doubtful thaL E2S0~ can escape conversion to HS0 4-. 
However, further work is necessary to confirm this with lightly 
loaded atmospheric samples. 
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Table 13 

Sulfuric Acid Recovery from Particulate-Loaded Filters (%) 

Mean µg II! HzS04 RecoveredJD 

Filter Added H2SO!! 42 Hours 96 Hours 216 Hours 
... ci p .,.,-i p p

H·~ ¢CHO- w- ¢CHO- w-+n 
¢CHO-

Acid-Washed 46 67 < 19 49 21 65 < 33 
Quartza 46 80 < 18 98 < 11 

82 58 < 9 73 10 67 < 11 
82 61 < 11 66 < 11 

Mean: 67 + 11 < 14 61 :t_ 17 16 + 8 74 :t_ 16 < 17 

bFluoropore, 1 µm 54 51 7 37 ca.a (176)c ca.O 
54 51 ca.O 59 ca. 0 
96 74 48 35 31 80 54 
96 69 24 67 10 

Mean: 61 + l? 20 + 21 36 :: 1.4 15 + 22 69 :t_ 11 32 :t_ 31 

= a. Mean S0,4 loading without added H2S04: 205.5:: 3.8 \Jg/filter. All discs cut 
from the sa'lle 8 x 10" filter for loading with H2S04. Results corrected for 
the acidity observed for the atffiospheric srunples by titration, 24.5 + 8. By 
benzaldehyde extraction, HzS04 below detection ( <8). 

= b. Mean S04 loading without added H2S04 : 60.2 :t_ 13 µg/filter for four filters 
collected on different days. Results corr<';cted for acidity observed for the 
atmospheric sar.iples by titration, -3.6:: 2.9 by titration and 12.5 + 3 by 
benzaldehyde extractio1~. 

c. Excluded from mean. 

d. By titration 

e. By benzaldehyde extraction. 
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E. Interference of (NH 4 ) 280 4 ir. DeterniJ.nation 

1. Introducti,:>n 

Studies, described above, of atmospheric particulate matter 
interference vere consistent ".,·i !",l, the forr.mtion of HS04- from 
H2S0 4 and (mi 4 ) 2SCi.., 3ince strong acid was 3till titratable but 
no HzS04 was extractable by tenzaldehyde. To evaluate this more 
directly, clean l µm pore si Le Zef·luor fi lt.ers were first loaded 
with (NH4)2S04 aerosol (< 0.3 µ:n -particle diameter) in sets of 
three. Two of the three filters from eac:1 of two sets were then 
loaded with< 0.3 µm H2S04 aerosol at two levels. Sulfate analysis 
(following H+ deteTirination) gave the sum of sulfuric acid a.~d 
amm.onium sulfate. Sulfate anaJysis of the third filter in each 
set gave the level of (Irn 4 ) 2SO:,. Since the filters within a set 
were equivalent in (rm 4 ) 2S0 4 loading \J'ithin 2% (Appendix D), H2S04 
loadings were obtainable by difference. 

2. Results and Conclu3ions 

From the results given in Table 14 it is concluded that: 

a. At the lm,er H2S04 level, res·..uts •:..N: subject to large 
uncertainty because of the reliance on a difference technique 
to deteririne H2S04. 

b. Recovery by titration of strong acid, expressed as HzS04 , 
av-erages 128%. 

c. Recovery of H2so4 by benzaldehyde extraction is anomalously 
high when compared to the level of H2S04 and to results of 
previous experiments without (HH4 )2sc4 . The, results are 
consistent with the extraction of substa.11tial quantities of 
ammoniu:n acid sulfate (IJE4HS0,0 ) by benzeldehyde, the latter 
being formed from interaction of H2S0 4 ar.c ( lf'rl 4 ) 2S04. 

d. Direct evaluation of interference effects with rftl4HS04 is 
needed. 

F. Interference of NHi..HS0 4 in H7S04 Determinations 

1. Introduction 

Ammonium acid sulfate (HH4HS04 ) titrates as a strong acid, 
indistinguishable from H2S04. However, studies at B!lL indicated 
only slight solutili ty for dry NH4HS0 4 in benzaldehyde. To evaluate 
the potential interference of :rn 4HS04 on sulfuric acid determination 
by benzaldeh:,•d·:o extraction under the conditions used in this study, 
two experiments were performed. In the first, sets of three clean 
Zefluor filters were si:rrultar,eously loaded with equal amo1mts of 
NH4HS04 aerosol(.::_ 0.3 pm)* followed by sulfuric acid aercsol on 
two filters from each set. The level of H2S04 added c0uld then 
be obtained by difference and compared to the observed H2S04 . 

*A malfunction in the optical particle counter prevented monitoring particle 
size. The conditions used were tr:ose previously found to yield ~ 0. 3 µm for 
99% of all partides using ('.m4 ) 23C4. 
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Table 1.4 

Interference of Ammonium Sulfate [ (NH4 ) 2804] on Sulfuric Acid Me"l.surement (as µg sulfate per filter) 

Set (NH!i)zSO!ia 
(NH4 hS04 

HzS0!i 
+ H2S04 

(b;t: difference) 
H2S04 by 

Benzaldehide Ext. 
H2S0,, by 

Titration 

Filter A Filter B Filter A Filter B Filter A Filter B Filter A Filter B 

1 

'),_ 

81. 6 ±_ 4. 5 

89.6 + 2.8 

llJ 

97 

122 

100 

32 ±_ 6. 7 

7 ±_ 5 

l11:i:_6.7 

10 ~- 5. 5 

41 

21 

42 

21 

46 

15 

44 

12 

~ 

w 

a. Mean + o for two determinations made by analyzing separate halves of the same filter. 



In the second experimerit, l'TH4HS04 was ii.dded in equal amounts to 
.::::,,-.1,-:.l l='lr~lc ,......p o+-rn,....,_.,........,1,-,=..,...;-.,..._, '-1.........,..._ ...._,,_ ,.._.,_._, ,._,..._ .._.,,~.w.4v~•1~l\'-"" ..1.,_, 

particulate matter.** c'his was foll0wed by deposition of H2S04 
aerosol on two of the three discs. Both IIH4HS04 and n2S0 4 were 
calculated by difference. 

2. Interference of UH 2HS0 4 on Clean Teflon Filters 

Table 15 shows the extent of interference of ca. 100 µg NH4HS04 
(as S04=) on the analysis of Oto 60 µg H2S04 • Between 39 and 
71% of the N114HS04 was extracted by benzaldehyde. The presence 
of H2S04 did not have a consistent effect on the extent of 
NI!4HS0 4interfcrence. In the absence of H2SO,,, 45 ~ 3% of the 
NI!4HS04 was extracted. This compares to about 25% extraction 
reported by Richards et al41 and < 5% reported by Barrett el ai.30 

The latter group as well as BNL employed filters spiked with aqueous 
solutions of the salt and then dried rather tha.ri adding the salt 
as a submicron aerosol. An additional source of variability arises 
from the water content of the benzaldehyde-salt system. BT!L and 
Richards et al employed benzaldehyde without purification. As 
noted by na~-rett, ct al, such benzfllrl_eh;yde contains appre ciab2.e 
water causing increased extraction of salts such as NH4W,0 '.) 4 . 
However, both BNL and Richards et al dried. eac:1 sample (rather than 
the benzaldehyde) prior to extraction. 

In the present work the h~r"?!=il n~hy~A, r,nrl been initially stored 
over Linde molecular sieve Type 3A, vacu= distilled from fresh 
molecular sieve under argon, .3tored with protection from light 
and air and dispensed through ~ef'lon stopcocks by pressuring 
with argon. ."~f'ter five months storage its water content ·.ms 
determined to be::_ o.oo4%w ana its benzoic acid content, 0.6%w. 
However, the samples were not dried. Assuming that after air 
contact the ,·TH:4HS04-loaded filter absorbed an amount of water 
equal to the weight of salt (ca. 100 µg) the water content of the 
10 ml benzaldehyde due to this source ·.rou.ld reach O. 02%w. (The 
water saturation level is 0.3%.) It appears doubtful that water 
from either laborator; or atmospheric sa.".lples could influence the 
extent of extraction into dried benzaldehycle. Variation in rate 
of extraction of the acid sulfate with particle size may be a 
more significant factor causing variability in results between 
investigators. Further work is needed to evaluate this possibility. 

3. NH4HS04 Interference on Atmosoheric Particulate-Loaded Filters 

Table 16 s1..unrri.arizes the level of atmospheric sulfate, NH4 HS0 4 and 
HzS04 added, and recovered levels of acid. In both sets, approximately 
120 µg NH4HS04 (as sulfate) was combined with about 50 µg HzS04 in 
the presence of about 150 µg atmospheric sulfate and other aerosol 
constituents on quartz filters. In all cases the level of H2S04 
observed by benzaldehyde extraction was below the level added. 
Apparently, both the acid sulfate and sulfuric acid reacted to a 
major exten~ with aerosol constituents preventing assessment of 
interference effect:; by NH4HS04 . The average recover; of strong 
acid (by titration) was only 36%. 

**A series of 47 mm discs were cut from an 8 x 10" sheet following sampling 
respirable particulate for 5 hours at ca. 40 cfm (15.2 m3 per 47 mm disc). 
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Table 15 

Interference of Nll4HS01+ on l17S04 Dete,rmination on Cle,an Zefluor Filters (e.s µg sulfate per filter) 

NH4HS04 %Interference by 
♦ H2S01, H2S04 H2S04 by Nlli,IISOi, d %Recovery of H+ 

Set E.UJ!~ NH.,HSO,~ H2S04 (b;i: difference) Benzaldeh;i:de Ext, Titration in Hcnza.lMhzile Ext. _J!x Tit.rr,.tion 

A 97,6 - 11 
L) 42 42 43 86 

1 B N.D.b 82.2c - 15'' 87 50 

C N.D.b 150 52 86 Bo 65 84 

A 99,6 -C 
0 47 60 47 120 

,.,, B N.D.b 136 36 107 'T2 71 811 

+"" 
\Jl C N.D.b 162 62 101 94 39 85 

Median: 47% Medil\ll: 85% 

a . !lo H,S04 added to this filter. 

o. AssU111ed e'lual to value for filter A of the swne set (see Appendix D). 

c. Proht1bl,y anal,ytical error. 

d. The percent NH4HS04 t•xtrscted into ben,aldehyde, 



Table 16 

Interference of NH"BSO" on B2SO" Determination in the Presence of Atmospheric Particulate Mattera (as µg sulfate per filter) 

Set Fl.lter 

= 
Atm SO" 

+ 
lll!~HSO~ 

= 
Atm S04 
+ NH,,HS04 
+ HzSO~ 

NH4HS04 
(b;t: difference) 

HzSO,, 
( b;t: difference) 

H2S04 by b 
Benzaldeh;i:de EJct. 

H2S04 bye 
Titration 

,: Interfer-ence 
by MH4HS04 

Benznldeh:z:d:, Ext. 

,: Iu,lovery 
of U by 
Ti t.J·utj on 

A 2t9!_2.3 - ll8 !_ 12 ll ca. 0 18 Not me:asurable :u 

l B H.D.d 3l'f !. 1.4 118 !. 12 48 .!:. 3 ca. 0 46 Not m1'R[;urable 1,3 

C N.D.d 325 + 2 118 .!. 12 56 + 3 12.5 44 Not mea,, urah le :18 

.i:-
Cl', 2 

A 

B 

C 

281 !. 1.4 

!I.D.d 

N.D.d 

-

330 !. 2 

339 _! 1 

130 !. 12 

130 !_ 12 

130 !. 12 

0 

49 !. 2 

58 !. 2 

ca. 0 

"(.8 

l 3. 7 

16 

3<'< 

46 

Hot 

Not 

Not 

measurablf! 

mL•nsurfJ.b le 

measurable 

Median: 

24 

B 

]8 

---
36:r: 

a. Mcllll atmospbedc sulfate level 151 !_ 12 µg/47 11111 disc cut Crom single 8 x 10"' filter. 

b. 

c. 

d. 

No H2S04 detectable in atmospheric particulate. 

Resulto corrected for 24 µg H2SO., (as so.,=) per filter for the atmospheric particulate matter. 

Assumed equal to value for fllter A or swn,., set (Hee Appendix. D). 

i 
f 

i 
! 

' l 
t 
t 
~ 

J 
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VIII. NITRIC ACJD ).:EASU?E:1•':E?;T 

A. Introduction 

Previous studies evaluated the use of a coulometric ~ethod for continuous 
nitric acid measurement. '.·.'hile ti1e method proved adequate for laborator/ 
use at concentr-ations > 0. l ppm, it lacked sensitiYit:r for ambient 
concentra~.1.ons. A Teco, single char1... chemi luri.inescen-t JC-I;02 analyzer"'!.el 
was used for laboratory analysis cf nitric acid at < 0.1 ppl!l, but could 
not be used for field sa..ripling because of i!O-N02 interference. 

The present study has evaluated two integrated samplir.g techniques, 
one employing ~JaCl-irenregnated filters9, and the second, nylon filters 
for HN03 collection.l'5 This approach requires im.tial re:nov-al of 
particulate ,'1itrate with a pre-filter and penetration of 5IW 3 to the 
collector mounted as an after-filter. 

Our studies included assessment of artifact nitrate formation on '.JaCl­
impregnated a:id nylon filters with H0 2 , the degree of retention of 
nitric acid on the inert filters used for pre-filters. with and without 
atmospheric partil'v.late matter, and cor::cparison of the two techniques. 

B. Artifact Particulate Nitrate Formation 

l. Clean Filter-N02 Interaction 

Previous AIHL studies of artifact particulate nitrate for!!lation 
demonstrated only slight reten'cion of ,102 at < 90% R.H. using a 
wide variety of filter types. ?or the present study it was 
necessary to establish that the filters intenied to collect nitric 
acid, viz., nyl:m l,"Juralo:. and Ghia nylon) and NaCl-i~regnated 
cellulose (°l'lhatm&'l 41) did not cause errors due to ;/02 collection. 
Prior studies with Duralon filters demonstrated 11 ttle N02 re­
tention at or close to ambient concentrations. HoweYer, !:aCl 
impregnated cellulose filters have been reported to retain ,!02 
somewhat at high relative hur.iidity.9 

The present study employed 0.5 ppm no 2 at 90% R.H., ;;ith and 
without added 0.1 ppm :rn3, in 6-hour exposures. Following ex­
posures sarr.ples were refrigerated to minimize desorption as well 
as oxidation of nitrogen-containing species. Extractions were 
done by mechanical shaking for JO min. in 5-10 ml H20 at room 
temperature except with nylon filters. The latter were extracted 
in O._lN NaOH as discussed in .~ppendix E. The results are given 
in Table 17 together with those for a blank run made i=ediately 
before the trials with added :i02 . In spite of a careful detergent­
water wash and clean air purge, the interior walls of the exposure 
system remained contawinated with a material which desorbed and 
was collected and analyzed as nitrate. The 6-hour chamber blank 
run conducted with two '.::luralon and two NaCl/\.lhatman 41 filters 
in pa.ra1..1e.1 o-bse:.~ved a-bout 3-9 µgim 3 artifact nitrate, with the 
higher level on the latter filters. 
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Table 17 

ARTIFACT FARTICU~~TE ~ITRATE FRa.1 SIX-HOUR EXPOSURES TO 

N02 AT 90% R.H. WITH AND WITHOUT ADDED NHt 

(µg/m3) 

3Chamber 0.5 ppm N02(940 µg/m) 0,5 ppm N0 (940 µg/m3 )
2b

Filter/Conditions Blank Run 0 NH3_ 0.1 ppm NH (70 µg/m 3)
3 

Duralon 2,6 .:!:_ 0.2 6.1 .:!:_ O 2.6 + 0.1 

NaCl/W41 8.5 .:!:. 0.3 5.6 .:!:. 1 2.9 .:!:. o.4 
8.3 (9 1pm) 2.4 (10 1pm) 

Chia Nylon 5.3 !. o.6 1.9 + 0.2 
+:' 
0:, 

Zefluor Pre-filter > 
2,5c 1.0c 

Dural.cm After-filt,er 

Zefluor Pre-filter -::> 
1.6c 0.5c 

NaCl/W41 After-filter 

a. E:Xcept as not1~d all results obtained at ca. 20 1pm ,and 21 ::!.:_ 1°c. 

b. E:xposure system was cleaned with aqueous detergent, rinsed with distilled water 

a,nd air dried. Blank run made after purging system overnigl:t. -..;ith purified air. 

c. Ii:esults for pre-filter plus after-filter. 
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Runs with N0 2 , with and ·,ri thout ammonia, were done with filter 
pairs as ab0ve at 2C lp~ plus an HaCl/W41 filter at 10 lpnL In 
addition, fi.lters with Teflon pre-filters such as would be used 
in field sampling for nitric acid, were also evaluated. Comparing 
results with added ;!02 to those in the blank run, Duralon e.xhibited 
a small increase (corresponding to 0.3% N0 2 retention) while 
results with NaCl/W41 decreased slightly. The filters with pre­
filters showed total nitrate leYels < the control~. 'l'he> ,anni t.i on 

of ammonia caused a decrease in obse~ved artifact particulate 
nitrate. This parallels observations previously reoorted using 
glass fiber, cellulose acetate and Teflon filters.10,11 

In summary the level of 9.!'tifact particulate nitrate from N02 
appears negligibly small. Published reports of significant N02 
collection on NaCl impregnated filters mny have been influenced 
to some degree by system contamination. 

2. Filter-HN03 Interactions 

Previous work at AIHL demonstrated, in ~any cases, retention of 
gas phase nitric acid on clean filter media leading to what is 
referred to as artifact particulate nitn,te. Those studies were 
restricted to acid levels of .:_ ca. 500 µg/m 3 which is about an 
order of magnitude higher than the highest ambient air i.i tric acid 
levels expected. The present study extended this w:::rk down to 
165 µg/m 3 as measured with Duralon filters, and includ'!d clean 
filters intended for sampling total par-ticle-phase acids, as well 
as pre-filters for HN03 measurement with and without atmospheric 
particulate matter. Fluoropore filters were included to perr:ut 
comparison with prior work. Filters were refrigerated at 5°c 
following exposures until immediatel·r prior to extraction to 
minimize desorption. 

The results given in Table 18 shm; about 2% retention of HN03 
on clean Teflon filters except for Zefluor at> 500 µg/m 3 HN03. 
Acid-treated quartz exhibited higher but variable retention 
relative to Teflon filters. The effect of particulate addition 
was to sharply increase the nitric acid retained. 

We conclude that Teflon filters are preferable for use as pre­
filters in s=pling nitric acid on nylon or !faCl/W4L ·Toe enhance­
ment of HN0 3 retention on ?luoropore filters by pa.rticulate matter 
suggests ·that filter changes be made as frequently as possible. 

C. Comparison of Nitric Acid Sampling ~'.ethods 

To compare filter methods for nitric acid, 47 mm Duralon and Ghia 
nylon filters and NaCl-impregnated ',,'hatman 41 filters were exposed 
side-by-side with ca. 200 to 500 µg/m 3 HN0 3 at 50 or 80% relative 
humidity and at 10 and 20 1pm (Table 19), To evaluate the methods 
under simulated t'ield sampling conditions, the Duralon and jfaCl/W41 
filters were mounted in Nuclepore double filter holders with Zefluor 
pre-filters. In an effort t::: as:c:ess wall .:.oss in the double filter 
holders, these were washed with distilled water and analyzed for 
nitrate following each exposm·e. The two runs at 50% R.H. employed 
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Table J.8 

NITRIC ACID COLLECTION ON "INERT" FILTERS AT 50% R.H. (µg/m 3 )a 

Al'Jf"'I - ("1,-..,,...-.c,.Y'I+-~+-; ,...,,.., (,.~;=3\
.L.L.UV j V..._,L,l .... ,._L..I. V"- --'-V..L.'--'L~ \ .... Qf ICC.I. 

Filter 165 + 5 557 + 117 

Fluoropore (Teflon) 2.9 + o.6 8.9 + o.6-
Zefluor (Teflon) 3,6 + 4 33 + 12-

bAcid-treated -~uartz 16 + 14 147c 

Fluoropore + 23 m3 air sample 47 + 31 56 + 3C 

Gelrr;an GA-1 (cellulose acetate) 35 + 7 57 + 30- -

a. Except as noted, samples exposed for 6 hours at 21 + 1°c and 22 1pm. 

b. Flow rate 37 1pm to match :face velocity i:n a high volume sampler. 

c. Single value. 
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Table 19 

COMPARISON OF METHODS FOR NITRIC ACID DETERMINA'rION (as µg/m3 N0
3
-) 

Exposure 50% R.H. 80% R.H. 80% R.H. 
Sample~ Conditions: at 2xl0 2 µg/m 3 HN03 at 3x102 µg/m 3 HN03 at 5;x102 µg/m 3 1mo3 

_go 1pm 10 1pm 20 1pm 10 1:P!l2_ 20 1pm1!2...1:E!!!. 

Duralon filter 1157 :!:. 15 154 :!:. 28 284 279 569 522 

NaCl/W41 filter 190 :f:_ 4 182 + 11 472 331.,, 2 577 548 :!:. 51 

Ghia nylon filter 1·78 ±:_ 23 148 + 28 285 276 402 476 

Zefluor pre-filter 0.7 :!:. 0.7 44b 34b 
Duralon after-filter --- 130 + 31 --- 236 --- 153 
Holder 3.5 ~ o.4 4.5 5.6 

Vl 
I-' E = 134 _:: 31 E 285 E 193 

Zefluor pre-filter 0.5 + 0.3 25b l+Ob 
NaCl/W41 after-filter --- 128 + 56 --- 233 --- 329 
Holder 6:r ~ 2.1 5 5 

E = 135 :!:. 56 E 262 E 374 

u.. All samples stored at room temperature following HN0 exposure.
3 

b. Pre-filter pre-loaded with atmospheric particulate sampling 4 hours at 16 1pm. Value corrected 
by about 10% to allow for estimated level of atmospheric nitrate. 



clean Zefluor filters ·,rhile th,:,se at 80% R.H. were done with filters 
pre-loaded with atmosnheric narti.culate :rntter. Ir. all cases, samples 
were maintained at room temperature; following exposures to simulate 
field sampling conditions. 

From the results in Table 19 :.t is concluded that: 

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

2. Duralon (Millipore Corp.) and Ghia Corp., nylon filters are 
equivalent except at HlJ0 3 concentrations > 500 µg/m 3 • 

3. Although Duralon and Ghia nylon filters showed no flow rate 
dependence, both gave lower nitric acid recoveries as compared 
to NaCl/Whatman 41 (average 21% lown at < 500 µg/m 3 HN03). 

4. Nitric acid recovered from the filter pairs plus holder at> 500 µg/m 3 

was less than that recovered by the corresponding single filter. 
Below 200 µg/m 3 HN0 3 the agreement was within experimental error, 
however. The results suggest that adsorbed HN03 on the pre-filter, 
particulate matter or filter holder may~~ l0ct before extraction 
of nitrate can he accomplished. Heating the 2-filter sampler to 
desorh HN03 from che pre-filter and walls to permit its transfer 
to the collecting filter (as employed by Okita9) 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, ~aking adsorption on, or reaction with the 
particulate matter likely. However, adsorption on clean Zefluor 
was determined at 50% relative humidity. Since:, adsorption of mro 3 
on clean Zefluor is eAJlected to be somewhat greater at 80% R.H., 
no quantitative assessment :if HN'Jr particulate interaction can be 
made from these data. 

The lower nitric acid recoveries from nylon compared to NaCl-impregnated 
filters suggested lower collection efficiencies with the nylon filt'"rs. 
To evaluate collection efficiency more djrer.tly, a clean nylon and a 
NaCl-impregnated filter were each paired with a clean NaCl-impregnated 
after-filter. The percentage of t0e 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. 4 + 1. 4% at 50 and 80% R.H. 
sampling 220-350 µg/m 3 HN0 3 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 220-350 µg/m 3 HN0 3 
for ca. 60 minutes at 1 1pm was evaluated by adding the filter to 
the sampling line of a Teco chemiluminescent NOx a,.~alyzer. The total 
signal, representing the sum of mm 3 , N0 2 , and NO, was reduced to 
< 2.9% of its original value. Thus the efficiency of the filter for 
HN0 3 removal was > 97 .1% under these conditions. Accordir,gly, the 
efficiency of nylon filters appears to increase 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. EVALUA'I'::'.:011 Of '\. rsm.Tic:l. :"CR Ar::cNIA RE:'.O'lAL AND OF OXALIC AClD rgPREGNA'l'ED 

A. Experimental Techniaues 

The field studies e"!ployed an a.,:,monia denuder on the inlet to a lo-volune 
filter sanri_)Eng tEit. This was .'cncluded in an effort to elimi:'1ate the 
neutralization of collected sulfuric acid particles by atmospheric 
a=onia. TI1e denuder was :9atterr!ed after that developed c:r Stevens 
and Dzubay.35 It consists of an array of parallel glass tubes forming 
a laminar flm.r element w11ich is coated on the inner surfaces with fused 
phosphorous acid. Gases diffi;.se to tr.e walls of the denuder much more 
rapidly than J.erosols which permits removal of a=onia with minimal 
losses of particulate matter. 

The theoretical basis for denuder design was obtained from the solution 
of the steady state ma:;s diffusion equation governing the concentration 
of particles ,;.;ithin a fluid moving in a circular tube. 49 For laminar 
viscous flow: 

C = 0.82 exp(-15l) + 0,098 exp(-89t,.) + 0.033 exp(-228t,.)
co 

where t,. = DLIT/4Q and 

D = diffusion coefficient (cm2 /sec) For NH3, D = o.4 

L = total length of tube (cm) 

Q = flow rate through tube (cm 3 /sec) 

C
0 

= concentration entering tube 

C = average concentration exiting tube 

(1 - C/C ) x 100 = percent removal
0 

This cxpressic:, is valid if the Reynolds n·1lJ!ber is kept below 2000 to 
prevent turhulent flow. 

Based on this design, at 99% ammonia removal,~- 6% of an 0.01 um 
aerosol of density l. 0 should be lest to the tube walls for these flow 
rates. It should be noted that tube diameter is not critical as long 
as the Re:molds number is ll'.2.intained below 20()0. The total tube len0th 
is independent of tube geomet:-.1. Accordingly, the most compact denuder 
configuration consist::; of an array of shorter narallel tubes, the sum 
of whose lengths yield the desirec. total tube length. This configuration 
has the additional advantage cf minimizing the flow turbulence in the 
denuder syste:m. Table 20 lists the optimum denuder tube configurations 
for three flow rates and the corresponding Reynolds nU!llber. 
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Table Z:O 

Denuder Tube Configurati;;:i 

Total Tube C 

Flow ratea Length Required Tube 
b

Configuration Reynolds 
(R./min) (cm) No. Tubes @ 30 cm Length Number 

15 .9 250 9 480 

22.0 350 12 460 

37.4 600 20 480 

a. Flow rate:!s 15.9 and 37.4 £/min correspond to face velocity of a 
hi-vol sampler at 4r: ~'FM scaled to 25 mm and 47 = filters, 
respectively. 22 i ,'mn is the maximum flow rate to be used 
with the AIHL cyclone. 

b. Tubes are 0.6 cm inner di~rneter. 

c. Total tube length :'or 99% !ill 3 removal. 
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For evaluation of the ammonia J.enader as well as atmos-pheric sar:rpling, 
a +c,rol,ni q_ni=,, TrYY' g~c: _:-,h~c::~ qmn,r.ni !'.l ~~~~c: 'Y"i=ir:_11; l"',:..:,.,~. l'f"'nc. :'l""f"lro,:::.1--:11,..a 11c:-~(1 

was a modification of a technique des er iced by Richards et al. 41 
Gelman AE glass fiber filters were washed with 0. HI ECl, air dried 
and then heated for L. hours at 400°C. '.Lo 47 rmn filter discs was 
added 0.7 ml of a freshly prepared 5%w oxalic acid in ethanol solution. 
The solvent was evaporated under rJ 2 . 

B. Results 

The ammonia den11der was evaluated for use at a flow rate of 22 1pm by 
sampling air containing approxir:>.ately 100 pp:i 1rmnonia for two six-hour 
periods at 50% ::"I.H. and at 30-90% R.H., res-pectivel:,". Do·,mstrea.m of 
the sampler the 81:',:nonia penetrating the denuder was collected on an 
•::>xalic acid impregnated ]elman AE glass fiber filter (0AE). The 
anmionia level upsLream of the denuder was measured by two sets of two 
0AE filters in series. 7nis design permitted measurement of the 
efficiency of the &."'h'llonia de:rnrier as well Qs the efficiency of the OfCL 
filters for N:1 3 collection, and the precision of the NH3 determ.i.natior.. 
The filter sa.11plers provided m integrated sample for the six-hour 
period. In addition, three rr~dget impingers in series containing 
0.lN h 2S04 ·.-ere U3ed to collect 3 or 4, one hour rrn 3 samples upstrea.r:i 
of the denuder t:1.·cvghout the six-hour runs for comparison with the 
OAE filter results. 

Following collection, the ammonia was determined as NH 3 
+ 

using the 
inn""'phPn()l 1,111P ~rfl0i::irl11r,_:l _ ~.0.* Filte:-r storage was < 48 hours prior to 
extraction and analysis. 

The 0AE filter blank for rrn4 + was 1.0 + 0.7 µg/filter (n = 4). 
Accordingl: 0 the limit of detection for ~TH3, as Ii"H4+, is considered, 

2.4 µg/filter (i.e. the mean blank+ 2cr of the blank). I'he efficiency 
of single 0AE filters for a.mmonia collertion, shown in Table 21, is 
based on thc total ;rn4+ retained by two filters in series. With the 
ammonia level used, ca. 75 µg/m 3 (107 ppb), the efficiency for a 
single filter was> 98%. 

Results for the uenuder evaluatinn Are given in Table 22 indicating 
> 99% ammonia removal. Assuming this efficiency to be relevant at a 
more typical ambient concentrations, 5 µg/m 3 , then 0.03 µg/m 3 IE:i3 
would penetrate tc the filter collecting sulfuric acid. Tr,is con­
centration is sufficient to convert up to 0.09 ug/m3 rI2S04 to NH4HS04. 

*A comparison of the indophenol blue procedure to the automated methylthymol 
blue sulfate method39 in analysis of (NH4)2S04 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 Ox3.lic Acid Impre,,nated ".:elr:w.n AE Glass Fiber Filters for 
Ammonia Collection ·,Ii th Approximately 75 µg/m 3 HH 3a 

Efficiency for Sinc;le r'ilter (%)b 
Relative Hu.."li di t·, ( ;',) Set 1 Set 2---

50 98.1 99.3 

Bo-90 99.1 97,7 

a, Sampling rate 25 1pm. 

b. The fraction of the total a'c..~onia obtained en the first filter 
compared to the total a!!;.~Onia retained by the two filters in series. 
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Table 22 

Efficiency cif the Ammonia Denuder at 22 lpma 

Ammonia Concentrationb 
Relativ-e 

Humidity ill l~ilter Set 1 
( µg/m3) 

Filter Set 2 Im~er 
Ammonia Penetrating 

Denuder ( µg/m 3) 
Efficiency of 

NH.3....Removal (%le 

50 96 57 62 ±:, 9d o.47 99.3 

80-90 70 73 94 ±:, 57d 0.51 99.3 

a. Sampling time: 6 hours, 20°C. 

b. Filter samplers operated at 25 1pm and the impingers, at 1.0 1pm. Result~ are for total a.mmonia 
V1 
--:J retained in each set·of two filters in series. 

c. Based on mean of three determinations of upstream concentration. 

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



C. Stability of H2S04 on Filters in Particle and Ammonia Free Air* 

While it, was shown that the NH3 denuder could remove> 99% of the 
ammonia 'in an air stream containing abo,1t 100 ppb (70 µg/m 3) NH3, 
it was desirable to evaluate the stabilit:,• of' sulfuric acid on an 
inert filter protected with such a denuder, as well as a pre-filter 
to remove particulate matter. For this purpose, Berkeley ambient 
air was passed through two H2S0 4 loaded-Zefluor filters at one tiT.e 
at 22 1pm. Each filter contained 60 to 80 pg H2so4 (.::_ 3 µr:1 partide 
size). Both Zefluor filters were preceded by Gelman A (pH= 7.6) 
glass fiber filters to remove particulate r:1atter. In front of one 
stacked filter pair was a cyclone to remove particles > 2. 5 µr:1 and 
a NH3 denuder in series. The second stacked filter pair sampled 
ambient air directly. 

Results for recovery of H2S04 after two six-hour sampling trials are 
given in Table 23. Recovery of H2S04 by benzaldehyde extraction 
averaged 16% and 38% for two trio.ls. By titration, recovery of the 
acid was zero in one case und averaged 45% in the second. Ambient llli3 
levels were not measured during these trials but probably were 
2-5 µg/m 3 based on Pittsburg, CA, results. 

The remarkable feature of these results is that the denuder had no 
significant eff~ct on the recovery of H2so4 or H+. Assuming the 
observed denuder efficiency for NH3 removal extends to ambient 
concentration, ambient NH 3 cannot account for the acid loss. However, 
a decrease in denuder efficiency to 50%, with an av2rage NH 3 level of 
5 µg/m 3, would provide sufficient NH 3 to neutralize all of the acid 
present, assuming 100% efficiency for the reaction. Alternativ~ly, 
NH4N03 may decompose to NH3 + HN03 or. the Gelman A pre-filter, '-l'ith 
neutralization of the H2S04 by NH3. Since atnos,heric sampling for 
H2S04 with the denuder is done wi thoilt a pre-filter, the abo,re 
mechanism would have to ta.~e place on the sarue filter bea~ing the 
H2S04 . Thus this experimer.r. reight not be relevant to field sampling 
conditions. 

Further studies are needed to determine the cause of H2S0 4 loss in 
this experiment and to evaluate its relevar-ce to atmospheric sampling. 

*This experiment was suggested by Willard Ri.chards \ Rockwell International. 
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Table 23 

Stab:llity of 2- 0. 3 µm H2S04 Aerosol on Zefluor Filters in Particle Free Ambient Air 
Using an Ammonia Denuder and Gelman A Pre-filter 

µg H2S04 Loaded µg H2S04 Recovered by vg H2S04 Recovered by Percent Recovery 
Trial Filter Las S04=) Benzalde~yde (as S04=) W Titrationa (as S0,4:'._) 0CHO Titration 

1 A (with denuder) 

B 

84.o 

59,2 

ll,0 

10.8 

0 

0 

13 

18 

0 

0 

2 C (with denuder) 

D 

64.2 

72,4 

20 

33,5 

32 

28 

31 

4/S 

50 

39 

V1 
\0 

a. Results corrected for filter blank = -4 .. 2 + 1.4 µg/47 mm fil';;er. 



X. FIELD SAMPLING STUDIES 

A. Preliminary Trials - Berkeley 

1. Introduction 

A:3 a preliminary trial, a 24-hour, a 90-minute and a 5-hour 
respirable particulate hi-vol s~"11ple were collected in Berkeley, 
the 90 min. sample during an early morning foggy period. In 
all cases acid-wash quartz filters were used without an NH 3 denuder. 
The results are discussed in relation to possible interference 
effects. 

2. Results for 24-hour Samples 

Two 47 mm acid-washed quartz discs from the 24-hour hi-vol 
respirable particulate matter sampler were analyzed for H2so4 and 
strong acid. Results by the benzaldehyde extraction technique 
were below detectable levels. The results by titration, 0.51 + .16 
µequivalents W/filter correspond to an H2so 4 level of 25 .:!:_ 8 -
µg/filter or to a concentration of NH4HS04 of 59 .:!:_ 18 µg/filter. 
The absence of H2 S04 by ~enzaldehyd£:: extraction and tlte demonstration 
of relatively rapid reaction of H2S04 ;;ith atmospheric particles 
fonnine; a. species which still titrates as a strong acid, suggests 
that NH4HS04 accou.,ts for tLe observed results. The 211-hour 
average atmospheric; concentration of str·ong acid from this sample 

r. ,-,. ,,... ,-, . .-.. ,-.._ ,-..,-, • I '.=I: / ,-.. \ • -. I '.=I: ~.. ,.,,,..,. \ was v.uv, _:: u.vu,c µequ::.v/m~ \U.4 _:: • .L µg;m· as rt2.:5U4/. 

Water-soluble iron would be another source of strong acid by the 
ti trimetric method. Accordingly, 35 c:::2 of the 24-hour loaded filter 
sample was extracted wi tl, water and the extract analyzed for Fe by 
atomic absorption. The results indicated 10 .:!:_ l µg Fe/35 cm2 • 

ltssumi!!g the- Fe to be excl1.1.S:.vely Fe+ 3, this a...1ne,u..T1t of iron ~-.rou.ld 
titrate as 0.0025 µequiv aciri/m3 • Thus iron r.ould represent as 
much as 36% of the 0.007 + .002 µequiv/m 3 total strong acid 
observed. 

3. Results with Short Term Samol~s 

A 90-i:J.nute hi-vol respirable particulate sa!:'ple collected on quartz 
fiber during an early morning foggy period gave negli~ible H2S04 but 
measurable strong acidity by titration, 0.03 µequiv/:n . This 
corresponds to 1. 5 µg/m 3 expressed as H2S04. 

A 5-hour hi-vol respirable particulate sample collected between 
1()00 and 1500 hours on quartz fiber also yielded negligibJ_e H2S04 
and 0.03 µequiv/m 3 strong acid corresponding to 1.6 µg;'m 3 , expressed 
as H2S0 4 • 

B. Trials in Pittsburg, CA 

l. Introduction 

Samples were collected :for thre': consec:iti ve days in February 1979 
at the Pittsburg station of the Bay Area Air Quality Management 
District. The strategy for sample collection and analysis is 
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shown in Table 24. In addition, the BAAQJ.ID supplied ozone, SO::_ 
· (by coulornetry), wind speed and directior. data. Diurnal variations 
for gaseous pollutants and meteorological variables are included 
in Appendix I. 

Ammonia was sampled on oxalic acid-impregnated Gelman AE glass 
fiber filters following a Gelman A glass fiber,pre-filter using 
a techniq_ue similar to that of Richards et al. '+.1. Filter changes 
were made at the same times as for 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 cf nitric acid and ammonia by adsorption 0n pre­
filters and filter holder surfaces, heated air was passed through 
the nitric acid =-~d am~onia samplers following each sampling period. 
The procedure followed is described in Appendix F. Following 
collection the hi-vol samples were stored in Sara..~ wrap-lined 
manila folders inside sealed plastic bacs at room temperature. 
The remaining filter samples were stored in plastic ;,:i.llipore 
boxes in sealed plastic bags at room temperature. 

The results, expressed as both µg/m 3 and µequivalents/m 3, are 
included in Tables 25 to 30. 

2. H2S04 and Total Particulate Acidity 

All H2so4 results on the q_uartz fiber samples and most of those 
on Zefluor were below limits of detection (typically 0.4 µg/m 3 

for the short term samples). Higher 1e,rels of sulfuric acids 
coincided with Maxima in rr+ concentration by titrati::m. The 
highest sulfuric acid value found, 0.6 µg/m 3 (0.012 µequlv/r;,_3) 
included a time period on February '3 in which a white plun.ie, more 
pereistant than steam, was Yisible frcm the PG&E power plant 
1/4 mile to the north. During !l!Ost of this period -che wind came 
from the north. 

Diurnal variacions in S02 concentration :::..lso correlate with wind 
direction; most elevated S02 valnes occurred with wind corning from 
the NW to NE quadrant, consistent with the nearby power plant as 
the predominant source. 

As with the Berkeley samples, an evaluation ·,1as made of the ex!;ent 
of possible interference by Fe+ 3 in total acidity measurements. 
For this purpose, two quartz filter samples from each sampling 
day representing the rnaxiJT1um and typical ar:idi ty levels for that 
period, were analyzed for total water soluble iron by flame atomic 
absorption. All results were at or below the limit of detection. 
Accordingly, the Fc+ 3 concentration upper limit was 0.04 to 0.09 
µg/m 3 • This corresponds, in tu.--n to 0.001 to 0.003 µequiv/m 3 tt+ 
or about 10% of the observed a~ldity, which is not significant. 
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Table 2li 

Samplinp; Strategy for Pittsburg Samples 

:Sam,2ler 

Respirable (< 3,5 µm) 
Hi-vol sampler (40 cfm) 

IRespirable (< 2,5 µm) 
Lo-vol sampler (22 1pm) 
with NH3 denuder 

Ammonia 

o, 
I\) Nitric acid 

Nitric acid 

Meloy SA-160 

1rnco 11m 

lmvironment 1 

Collection Medium 

Acid-washed 
Pallflex 2500QAO 
quartz fiber filter 

1 µm p.:,re size Zefluor 
filter (Ghia Corp.) 

Oxalic acid cm Gelma.n 
AE glass fiber witl1 
Gelman A pre-filter 

NaCl-impregnated 
Whatrnan.41.with 
Zefluor pre-filter 

Nylon (Duralon) 
1. 2 µm fHters with 
Zefluor pre-filter 

Samples 
I,l_er 24 hr 

6 

3 

6 

3 

3 

Continuous 

Continuous 

Continuous 

Species Determined 

+ - ~ +
H2S04, H, N03 , S04 , NH4 

HzS04 , H,
+ 

S04 
= 

NH 3 
N03- (pre-filter) 

HNOl as NQ 3 
IW3, S04- (pre-filter) 

HNO.J as Nfh-
N03 , S04 (pre-filter) 

802 

NO, N02 

Condensation nuclei 



Table 25 

Analysis of Zefluor Respirable Particulate Samples 
(with NH3 denuder) from Pittsburg, CA (µg/m 3 ) 

February 5 2 1979 Februar;i: 6, 1979 ~ebruary 7, 1979 
+a +a= H+a = Time H H2S04 S04 H2S04 S04 H H2S04 

_b06-14 < 0.8 < 0.7 0.6+.l N.D. 1.3 < o.4 < o.4-
14-22 < 0.4 0. 5.:_.l 4.9 < 0.4 < 0.3 2.4 1.1+.l 0.6+.l 

22-06 < o.4 < o.4 4.o < o.4 < 0.4 4.1 0.7.:_.2 0. 5.:_. 3-

a. 

b. Filter plugged during run 

= S0 4 

4.2 

4.6 

7.7 
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Table 26 

Analysis of Zefluor Respirable Partic~late Samples 
(with NH3 denuder) from Pittsburg, CA (µequiv/m 3) x 102 

February 5, 1979 February 62 1979 Februar;z: L 1979 
+H+ S04- H+ S04-Time §04- H H7S04~ ~ 

06-14 < 1.6 < 1.4 a 1. 2+0. 2 !LD. 2.8 < 0.8 < 0.8 8.8 

14-22 < 0.8 1.0+0.2 10 < 0.8 < o.6 5.0 2.2+0.2 1.2+0.2 9.6 

22-06 < 0.8 < o.8 8.4 < 0.8 < 0.8 8.6 1.4+0.4 1.0+0.6 16 

a. Filter plugged during run. 
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Table 27 

o:f Acid-Wash2d Quar~z Resr,i~a;-)le Particulate Samples from 
Pittsburg, CA (µg/m 3 ) 

February 5, 1979 
HzS04 so4=b 

06-08 0.8::.3 < 0.3 2.87 10.7 6.5 

08-10 1.6::. 3 < o.4 5.78 13.0 10.5 

10-14 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 3.94 2.7 

2230-0630 o.45::-1 < 0.1 1.35 1.34 1.2 

February 6, 1979 

0630-0830 < o.6 < 0.3 0.74 1.0 

09-11 1.1+.4 < 0.3 1.67 0.75 2.1 

11-15 0.5::.2 < 0.2 1.55 o.49 1.1 

15-19 0.5::.2 < 0.2 1.23 1.19 1.0 

19-23 < 0.2 

23-07 < 0.1 1.40 0.88 0.8 

February 7, 1979 

07-09 l.0::. 3 < 0.3 2.0 

09-11 1.6+. 4 < 0.3 1.39 2.25 2.3 

11-15 1.0+.2 < 0.2 2.13 3.67 2.4 

1530-1930 1.5::.2 < 0.2 2.58 4.50 2.8 

1930-23 1.2+.2 < 0.3 2. 54 7.49 6.0 

2330-0730 0.5::-1 < 0.1 6.53 14.6 6.4 

a. Expressed as HzS04. 

b. Precision using the AIHL microsulfate method was .::!:_ 10-15% in the range of 
these samples. 

c. Precision using the automated Cu-Cd reduction, diazotization procedure 
was estimated as.::!:_ 25% in the range 0.5 to 0.75 µg/m 3 and< 10% at> 1 µg/m 3. 

d. Precision by the indophenol blue method. 



Table 28 

Analysis of Acid-Washed Quartz Respirable Particulate Samples from 
Pittsburg, CA (µequiv/m 3 ) X 102 

Februarr 52 1979 
=H+ NH4+Time H2S04 S04 N03 

06-08 1.6+0.6 < o.6 5,97 17.3 36 

08-10 3.3~0.6 < 0.8 12.0 21.0 58.3 

10-14 1.4+0. 4 < o.4 7.00 17.6 31 

1430-1830 1.2+0. 4 < o.4 2.79 1.6 8.3 

1830-2230 1.4+0.4 < o.4 5,69 6.4 15 

2230-0630 0.9~0.2 < 0.2 2.81 2.2 6.7 

Februar;z: 62 1979 

0630-0830 < 1.2 < 0.6 3.08 1.2 5.6 

09-11 2.2+0.8 < o.6 3.48 1.2 12 

11-15 1. o+o.4 < 0.4 3.23 0.8 6.1 

15-19 1. O+O. 4 < o.4 2.56 1.9 5,6 

19-23 1. O+O. 4 < o.4 2.77 2.4 7.8 

23-07 1.0+0.2 < 0.2 2.92 1.4 4.4 

Februar;z: 72 1979 

07-09 2.0+0.6 < o.6 2.8 11 

09-11 3-3~0.8 < o.6 2.90 3.6 16 

11-15 2.0+0.4 < o.4 4.44 5.9 13 

1530-1930 3.1~0.4 < o.4 5. 38 7.2 16 

1930-23 2.4+0.4 < o.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 Sample::; from Pittsburg,CA (µg/n:3) 

Ammonia Sampler 
Time February 5 2 1979 Februa!)'. 6 1 1979 February 7 2 1979 

Prefilter NH3 as Prefilter NH 3 as Prefilter NH 3 as 
NO~- NH4+ N0 3- N"H4+ N03- NH4+ 

07-09 16.3 9.96 1.2 4.oo 4.57 3.34 
09-ll 23.5 13.3 1.8 2.94 
11-15 16.4 6.35 3.14 0 9.19 2.98 
15-19 6.16 3.19 4.67 3. 32 11.5 3.80 
20-24 7 .58 9.49 4.15 4.25 16.0 6.08 
24-08 2.03 3.75 2.22 1.59 19.2 14.4 

Nitric Acid Samplers 
February 5 2 1979 

Time Prefilter NaCl/W41 Prefilter Duralon Nylon-- = = N03 S04 HN03(as N03-) N'03 S04 HN0 3 (as N03-) 

06-14 13.0 3.54 2.22 14.1 3.65 3.27 
1430-2230 5.86 l.95 3-75 2.83 1.82 3.28 
23-07 1.71 1.54 0.90 1.67 1.56 0.91 

February 6, 1979 

07-15 0.39 1.08 1.71 o.46 1.07 1.47 
1530-2330 1.02 2.53 1.62 1.03 
24-08 1.33 1.57 0.72 1.38 1.36 0.79 

February '7 1979I l 

08-16 5.08 3.03 2.61 4.74 3.10 2.63 
16-24 10.7 3.12 3.35 10.l 2.99 3-99 
24-08 18.9 3.88 3.49 10.7 (7.65)a (9.05)a 

a. Results suggests leakage around poorly fittiilg prefilter. 



Table 30 

Analysis of Nitric Acid and Ammonia Samples from Pittsburg,CA (µequiv/m 3 )x 102 

Ammonia Sampler 
Time Februar;t: 5 2 1979 Februar;t: 62 1979 Februar;i-: I2 1979 

Prefilter NH 3 as Prefilter .llH3 as Prefilter NH3 as 
N03-b ifr!4 ... . N0 3- NH4+ N03 - NH4+ 

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 14.8 17 
15-19 9.9 18 7.5 18 18.5 21 
20-24 12 53 6.7 24 25.8 34 
24-08 3.3 21 3.6 9 31.0 80 

Nitric Acid Samplers 

February 5, 1979 
Time PrefilterC' NaCl/W41 Prefilter Duralon :i:rlon 

= = N03- S04_ IIN03(as N0 3-) Ho 3- S04 HN0 3 (as I/03-) 

06-14 21.0 7.78 3.6 22.7 7.60 5.3 
1430-2230 9,5 4.06 6.o 4.6 3.30 5.3 
23-07 2.8 3.20 1.5 2.7 3.24 1.5 

Feb!"l.l.ary 6, 1979 

07-15 0.6 2.24 2.8 0.7 4.46 2.4 
1530-2330 1.6 4.1 3.38 1.7 
24-08 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 4.2 
16-24 17 .3 6.50 6.2 16.3 6.72 6.4 
24-08 30.5 8.08 5.6 17. 3 16.oa 14.6a 

a. Results suggest leakage around poorly fitting prefilter. 

b. Gelman A glass fiber. 

c. Teflon (Zefluor) membrane. 
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3. Effectiveness of NR 3 Denuder 

Since the lo-vol rP~pi r~h l_P ~~,...+ i ,...,,, 0 -r 0 sa.riplers were prcccd~d by 
8Il anmonia denuder, the higher H2 S04 levels obser,red on Zefluor 
filters compared to results on the quartz hi-vol respirable 
particulate samples might be ascribed to the denuder. However, 
the Berkeley atmospheric 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. 

4. Nitric Acid, Ammonia and Comparison of Diurnal Patterns 

Nitric acid values ranged from 0.7 to 4.0 µg/m 3 with excellent 
agreement between results with l'laCl/W41 and Duralon filters (ratio 
of means nylon/NaCl filter= 1.04, n = 8). Ammonia levels ranged 
from Oto 13 µg/m 3 • 

To evaluate the internal consistency of the results and to identify 
sources of strong acid, diurnal variations of particulate H+, No 3-, 
S04=, NH4 + and gaseous NH3 and tIN03 are shown in Figure 7, in units 
of µequiv/m 3 • NH3 and NR4 + show very similar diurnal patterns with 
maxima at approximatel:r 12 hour intervals. These results raised 
suspicions that the acid-washed quartz filters wer-= trapping NH 3 • 
However, as described in Appendix G, a control experiment placed 
the limit of collection of NH 3 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 HN0 3 and particulate ii+ shows only moderate 
correlation, however. 

Ammonium is present in substantial excess rela~ive to the sum of 
N03- and S04 = and is about a factor of ten more abundant tha.11 H+ 
in these particulate samples at the time of analysis. We conclude 
that the source of strong acid in these samples is probably NH4HS04 , 
primarily, with adsorbed HIW 3 a possible minor contributor. 

Concerning the relationship between particulate nitrate, NH3 and 
HN0 3 , diurnal variations do not suggest a strong negative correlat~on 
between NH 3 and HII03 as required by the equilibrium discussed in 
Section IC. However, the level of l'Hi3 and HN0 3 were sufficiently 
low such that saturation with respect to NH 4HN03 would generally 
not have occurred based on an assumed equilibrium constant of 
30 (ppb )2 . 

5. Evaluation of a Glass Fiber Filter as a Total Nitrate Sampler 

Earlier studies suggested that nitric acid rather than N02 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 equivalent to 
particulate nitrate plus ni-c.ric acid nitrate (i.e. total nitrate) 
as measured by the Teflon ( Zefluor) pre-filter-nylon (or 1!aCl/W41) 
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Figure 7 
DIURNAL VARIATIONS FOR AEROSOL CONSTITUENTS. NITRIC ACID AND AMMONIA 
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sampler. For this reason Gelma..~ A glass fiber pre-filters to 
the NH3 sampler were ane.lyzed fo"!" ni t:;:ate. To permit comparison 
of these nitrate resul~s to thoce on the Zefluor-nylon (or 
NaCl/W41) sampler, S-hour average nitrate values were calculated 
from the 2 or 4-hour Gel.r:!an A samples. Table 31 includes these 
values together with those for Zefluor filter nitrate, nitric 
acid, and their total (as N03-). Zefluor filter results are 
mean values for two filters sampling simultaneously for 8 hours, 
and the nitric acid results, means for sa=les collected on 
nylon and NaCl/;,41. The ratio of means, G~lman A nitrate/total 
nitrate is 0.97. Thus, at least under conditions of relatively 
low nitric acid levels, the Gelman A glass fiber filters 
approximated a total nitrate sampler. Nitrogen dioxide, which 
was present at about O. 02 ppm ( 40 11g/m3) throughout most of the 
sampling (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 (µg N03-/m3 ) 

Feb. 5 

Approx. Time 
Period 

06-14 

1430-2330 

23-07 

Prefilter 
NOL_ 

13.55 

4.35 

1.42 

----:i 
~) 

Feb. 6 

07-15 

1530-2330 

24-08 

0. li3 

2.53* 

1.61 

Feb. 7 

08-15 

1530-2330 

2330-0730 

4.91 

10.4 

18.9* 

Nylon and NaCl{W41 Gelman A-asHN03 N0 3 Total N03 ---1!2.3. 

2.75 

3.52 

0.91 

1.59 

1.03 

0.76 

2.62 

3.92 

3.49* 

16.3 

7.86 

2.33 

18.2 

6.87 

2.03 

2.02 

3.56 

2. 36 

2.32 

4.41 

2.22 

7 .53 

14.3 

22.4 

7.65 

13.tl 

19.2 

Ratio of Means: Gelman A/'l'ots(l N03-= 0.97 

*Value from only one filter. 
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Appendix A 

Antilog Signal Processing for Gran's Titration 

The concentration of H+ can be expressed as follows: 

[H+ l = antilog [ ~] - E1s 
where E1 = antilog ( .fu ) = a constant s 

s = slope of electrode (millivolt per pH unit) 

E = electrode potential 

Plotting antilog (!) against titrant added :tields an initially linear curve 
-which can be extrapolated to t::e equivalence point based on a minimum number 
of data points. However, a disadvantage of the technique is the time required 
to convert observea pH values to the corresponding (H+). 

R. K. Stevens and co-workers reported the ase of an a.ntilog amplifier to 
directly convert the pH to H+ thereby permitting automA.tic generation of 
Gran's plots.35 For the present study= imnroved version of their system 
was designed and constructed. 

For the AIHL system, Gran's plots are made directly from :.ne analog output 
signal from the Radiometer pH meter (.#PHM64Sa) using the circuit shown in 
Figure A-1. The output voltage (Einl from the pH meter is introduced to the 
non-inverting input of a 741K operational 3.I!:pli iier* (op-amp) in a voltage 
follower configuration to provide a high impedance interface with the pH 
meter. The signal is then offset to the correct input range for the 755N 
antilog alnplifier* with a lOOK potentiometer before enterirg the inverting 
input of a second 741K op-ernp. Tnis op-amp divides the electrode potential 
by the slope of the electrode yielding (E/S). The antilog calculation 
performed by tJ:le 7s5n device yield.s the required Gnn' s fW1ction ( a.ntilog E/S). 
A table of the input c..nd cutput volta~es of the Gran's function generator are 
included in the figure. During titrations the Gran's plot is produced on a 
100 mv strip chart recorder at a fixed chart speed synchro11::.zed wit:1 the 
titrant addition. Precise values for volume of titrant added are recorded 
manually from a digital readout on the titrator. 

*Analog Devices, Norwood, Mass. 
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Appendix B 

Sulfuric Acid Aerosol Generation 

To develop and validate reliable methods for collection and analysis of 
airborne sulfuric acid particles, a convenient method for producing a well 
characterized submicron aerosol was necessary. Such an aerosol generator 
was developed in our laboratory50 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 throug,.½ a small diameter :10zzle. This technique has been 
shown to produce a monodisperse aerosol over the range 0.3 to 1.0 µm particle 
diameter as ~easured by a Royco PC 200B optical counter (coefficient of 
variation < 0. 2). The diameter of the particles produced can be selected 
by setting the generator operating para.meters to the corresponding experi­
mentally determined values. For the current program the generator has teen 
operated so as to produce particles :5.. 0.3 µm optical diaraeters. 

To assess the mass output. :i-ate of the generator, the aerosol was sampled at 
1 CFM for one hour throug..'l a 1 µm pore size polyethylene backed Fluoropore 
filter followed by a Greenburg-SIT~th impinger containing 70 ml of distilled 
water. The impinger was included to collect H2SC 4 vapor which penetrated the 
filter plus any S03 present in the generator output. The efficienc:r 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 b;); the flash vaporization-flame photonetric 
detection method for sulfur.51 ,5~ The results of several runs performed 
over the course of one day of continuous generator operation are included as 
Table B-1. Based on these data, the generator's aerosol out.put was 557 + 
65 µg/m 3 which allows a 47 ITJn filter loading rate of 16 + l.7 i:g H2S04/min at 
~ ~rM. Results indicate 42 i:g/m3 S04= collected by the irnpinger which 
corresponds to 7% of the generator output. Since the efficiency 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 µm could not be rreasured a comparison 
of Royco data for parti~les in the 0.3 to l µm range with the sulfate results 
from filter plus impinger ~amples permits estimation of the proportion of 
H2S04 particles< 0.3 µmin the generator output. Assuming a.~ average 
density of 1. 7 g/cm 3 for the generated aerosol*, this comparison indic"ttes 
that particles less than 0.3 µm account for 97% of the H2S04 mass. All particles 
generated were less than 0.4 µmin diameter. 
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Table B-1 

Run Mean+ 1 cr 
#1 #2 #3 

Total H2S04 
bcollected, µg 900 1105 1070 1022 :!:.. 107 

Loading on first 1 )JIB ?luoropore 91 92 94.5 93 
filter (%) 

Loading on 2nd 1 
filter (%)C 

)JIB Fluoropore 0.5 

Loading in iIBpinger ( % ) 9 8 5 7 

Aerosol concentration at 1 cfIB, 482 598 590 557 + 65 
(µg/m3)d 

Filter loading rate at 1 cfIB, 14 17 17 16 
µg/IBin 

a. All particles.::. o.4 µm. 

b. Sum of the H2S04 on filters plus iIBpinger. 

c. Second filter in series between first filter and impinger. 

d. Based on mass collected by filter. 
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Appendix C 

Uniformity of H2S04 Deposition and Sectioning of Filter Discs 

The H2S04 aerosol generator as well as the intended lo-volume field sa.'llpling 
system for H2S04 employed 47 mm filters which required sectioning for analysis 
by different methods. Before beginning 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 H2S04 and 2) that the filter 
was uniformly loaded by the generator. 

Filter cutting was done in a cha.'!lber under a stream of N2 which minirr.ized ~ffi3 
exposure. A cookie-cutter type device was fabricated to provide reproducible 
sectioning of filters into four quarters. For 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 pieces cut from Fluoropore filters. Based on 
weighing sections from five filters, the average weight loss during cutting 
was 1.1 + .6%. The 20 filter sections were equivalent within a mean coefficient 
of variation of 2.5%. 

To establish the uniformity of H2S0 4 loading, five 47 mm filters were loaded 
with about 200 µg of .'.:.. 0. 3 µm H2S04 aerosol, sectioned into quarters a,1d the 
quarters analyzed for sulfate employing the automated methylthymol blue (MTB) 
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%. 



Table C-1 

Uniformity of H2S04 Deposition on 47 mm Filters 

Coefficient of 
= 

Sam12le ID Mean so!± Per Quarter Filter (µg) Variation ( % ) 

133Fl 58. 5 ~ 2.5 4.3 

134Fl 46.o + o.8 1.7 

135Fl 46.3 ~ 1.9 4.2 

136Fl 45.0 + 1.1 2.4 

137Fl 37.9 + 1.0 2.6 

138Fl (Blank)* < 2.5 

*Sample to assess conta:nination of clean filter by cutter following sectioning 
of loaded filters. 
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Appendix D 

Aerosol Generation with a Nebulizer 

A nebulizer-type aerosol generator was constructed and used to provide 
(NH4) 2S04 and }lH4HS04 3.erosols ( Figure D-1). Aerosol was gener3.ted from a 
dilute aqueous solution of the aJnmonitLm salt by a glass nebulizer ::iperated 
at 20 psi with dry air. The nebulizer design incorporates an atomization .jet 
impaction surface to provide a rather c;harp cut point for removing any rela­
tively large particles. Co3.gulation of the particles is inhibited by con­
stantly purging the nebulizer cha~ber with dry dispersion air, which also 
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 size as calculated from the equation:* 

where D = final particle diameter ( µm)
p 

D, = initial droplet diameter (from nebulizer)
a. 

= density of dry particle ( g/cm)Pd 

pp= density of droplet 

C = weight fraction of ammonium sulfate salt in solution 

The initial droplet diameter produced by the nebulizer is < 2 µm, which would 
yield an aerosol of< 0.35 µm diameter after water evaporation from al'.~ (w/w) 
solution of ~ne ammonium su1.1aT.e sa..1T.. 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 the 
fresh solution reservoir. Based on particle sizirig with a Royco 200B optical 
particle counter, an average particle size of < 0. 3 µm was achieved .,....i th 
( NH4 )zS04 • The generator was 0perated such that 99% of all particles ·,rere 

..::_ 0.3 µmas detennined by comparing the aerosol mass and Royco 200B optical 
particle counter data. 

The aerosol reaches equilibriu.'I! 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 rat~ per filter was about 80 µg 
sulfate/hour. Using annnoniurn sulfate, comparison of the filter weight increase 
(ti.W) for filters conditioned at 44% R.H. to the sulfate observed by the 
automated l1ITB nethod yielded the relationship: 

(S04=)MTB = -26.9 + 0.938 (ti.W) 

r = 0.982 

Sy,x = 12.3 

*R. Dennis, Handbook on Aerosols, ERDA Peport #TID-26608 (1976). 
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To evaluate the equivalence of sulfate loadings between filters, uniformity 
of deposition withir. one filter, 'l.!ld loss of ammonia from filters causing 
strong acid fornation, ;..,wo ~ets or three filters were each loaded with about 
200 µg (NH4 hS04 per filter using Ghia Zefluor filters. The filters were 
quartered as described in A.p:;,endix C and the q_uarters analyzed for S0 4 =, 
(automated t,'.TB), NH 4 + ( ind.ophenol blue procedure) and i-;+ by the titrimetric 
method. 

Based on the mea.ri sulfate result for four quarters (Tahle D-1) the three 
filters had equivalent loadings within 2% ( C. V.). The uniformity of 
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 quarter aJ1d the composition 
(NH4)2S04, the expected concentration of NH4+ was calculated. The results 
given in Table D-1 show about 2% excess of :rn4+, which is within the combined 
experimental error of the analytical methods. This suggests that the 
analytical methods for sulfate and 8l!Lmoniu:n are consistent with one another 
and that there is no loss of NH3 during aerosol formation. The latter was 
confirmed by direct titration for strong acid. No acidity was ~etectable. 
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Table D-1 Comparison of Calculated and Observed A=onium 

Concentrations for ft.mmonium Sulfate Aerosols 

Set Filter 

A 18ZT1 

A 19ZT1 

A 20ZT1 

B 21ZT1 

B 22ZT1 

B 23ZT1 

+ b 
µmoles so4- observed µmoles NH4 

per q11Rrter a calculated µmoles NH4 
+ 

o.66 :!:. .05 

O.69 :!:. .03 

o.68 + .o4 

0.74 + .07 

o. 71 :!:. .04 

0.73 :!:. .04 

a. Mean+ a for 4 quarters. 

b, Calculation based on stoichiometry for 

1.02 

1.01 

1.03 

0.99 

0.99 

Median: 1.02 

(NH4)2so4. 
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Appendix E 

Nitrate Extraction and Analysis with Nylon and NaCl Impregnated Filters 

Nitric acid collected on nylon and sodium chlorU.e-irrrpregnated Whatman 41 
(NA.r.7 /W47) (re>llnlnc:p) t'ilt.Pr<"< 1.T'1C: ,in,azy?P/1 "" nit.r:,t.P ny t.hP :,,it_r,mqt_P/1 rn-('r1 

reduction, diazotization procedure following extraction. Extractions of 
laboratory-generated HN0 3 from clean NaCl-impregnated or nylon filters used 
30-minute mechanical sha1dng (Eberbach /.;odel 6000). With atmospheric samples, 
60 minutes shaking time was used. The NaCl-impregnated f_ilters were extracted 
with distilled water and the nylon filters, with o.rn NaOH.17 

To establish that the sampling media did not interfere in the subsequent 
analysis, an '.faCl/W41 filter was added to 10 ml standard solutior..s containing 
5 µg/ml nitrate. ~he level of nitrate in the extract remained unchanged 
The filter blank was below detection (approx. 0.2 µg/ml or 2 µg/47 mm filter). 

For the nylon filters, following extraction in~ or 10 ml base, an equal volume 
of O.lN HCl was added to neutralize the solution. Some care was required 
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 µg/47 mm 
filter. The NaOH and HCl solutions had no detectable nitrate. 
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Appendix F 

Filter Heating Technique for Serial Filter Holder Samples 

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 runount 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 ter:iperature. To ensure reproducible heating of 
the filter stack samplers, a filter holder specially fitted with thermistors 
upstream and downstrerun 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 Hl'/03 or NH3: 

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 volutiz&tion 
air relative humidity to 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 l,eated air through fi,lters for 
three minutes. 

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

Collection of A=onia on Acid Washed Pallflex 2500 QAO Quartz Fiber Filters 

The striking similarity in diurnal variations for ammonia and NH 4 + in 
particulate matter noted in Pittsburg sa~pling raised the suspicion that 
acid washed quartz filters were collecting ammonia. To evaluate this 
possibility ambient Berkeley air was sampled for 6 hours through 47 = 
quartz filters following particulate removal with slightly alkaline 
Gelman A (pH= 7.6) pre-filters. The flow rate was adjusted to 1.32 cfm 
to provide a face velocity equal to that of the 8 x 10" filter at 40 cfm. 

The results for two trials run simulta.'1eously are given in Table G-1. 
Particulate NH4+ levels were about 2 µg/m 3 on the pre-filter. While 
ambient NH 3 values were not obtained because of experimental difficulties, 
we estimate ~rrl3 concentrations to be> 3 µg/m 3 based on results in 

40Pittsburg as well as previously publi-;hed results for urban areas. 
Accordingly the qw,.rtz filters are concluded to be ::._ 10% efficient for NH3 
collection. 
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Table G-1 

Collection of Ambient NH 3 on Acid Washed Pallflex 2500 QAO Quartz Filters 

+
NH4 in NH3 

Particulate on Quartz 
Trial Filter (µg/m 3) ( µg/m 3 )a 

1 Gelman A (pre-filter) 1.9 

Pallflex Quartz 0.34 

2 Gelman A (pre-filter) 1.9 

Pallflex Quartz 0.26 

a. Results corrected for filter blank run in same batch. Filter 
blank 3.5 + 0.7 µg/47 = filter. Blank represented about 50% 

- +of the gross NH3 (as NH4 ) observed on the quartz filters. 
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Append.ix H 

AIHL Version of the Rrn<'kh:ave>n Method for the Pre>p,ar,it. i r1r1 of Quartz Filter~ 
for H2so4 Sampling. 

Apparatus and Equipment 

Stainless steel pan, lo-1"?." x 18\11 
, lined with Tedlar film 

Glass rod tray, 9" x 11" (Fig. 1) 
Glass rod tray, 8 11 x 10" (Fig. 2) 
Steambath 
Muffle furnace 
Drying oven 
Plastic buchner funnel, 8-3/4" x 10-3/4" 
Suction flask 
Ultrasonic bath with detachable 10" x 14" tub, Blackstone Model SG2A 
Drying rack with removable screens 
Laminar flow hood 
Pancake spatulas (2) 
Micro spatula, thin blade 

Reagents and Supplies 

Reagent grade H3P04, 85% 
Quartz filter material, 811 x 10" (Q,AO 2500 Pallflex Corp., :?utnam, Conn.) 
Glass fiber filters, 8" x 10" 

Procedure 

1. Six 811 x 10" Pallflex q,AO 2500 quartz filters are used with the backing 
removed. Three filters are stacked and then an 8½_" x 10'-'2" liner is placed 
on top. This liner consists of two 5\" x 3½" pieces of quartz filters 
which have been previously treated by this method and may be reused. 

8 11Three more x 10" quartz filters are stacked on top of the liner. 

2. * The filter stack is washed with distilled HzO using a prewashed glass 
fiber filter-lined. plastic bi,chner funnel and suction. A liter of H20, 
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 funn2l 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 
;~ +.hPn lif"+.Plr! r1f'f" +.hi:::io a.l11min1Jm f'rd1 .. 'T'ho g,A~~ f'ihP-r f'il+_P'l"' ;~ ,-.p.mf"'IVPrl 

from the filter stack and replaced into the funnel. 

3. The aluminum foil is removed and the stack is lined top and bottom by 
quartz filters. The quartz material is then placed in a cold muffle 
furnace and ignited at 750°C for 4 hours (including warmup time). Note 
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. ln these cases, filters were 
fired a se~ond time at 750°c under oar. 3. 
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Appendix H (continued) 

4. The outer 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 rod tray is placed on top and the unit is carefully 
placed in a Tedlar-lined stainless steel tray containing hot (steambath 
temperature) concentrated H3Po4 . The top glass rod tray prevents the 
filters from floating. The H3P04 level must be high enough to cover 
the quartz material and is reused. The filter stack is allowed to 
soak 30 min. 

5. The glass tray assembly is removed from the acid bath and placed in the 
tub from the sonic bath, which has "been removed from the sonic bath 
apparatus and placed next to the acid bath. After the transfer, the 
tub is replaced in the ultrasonic unit and distilled H20 is added slowly 
and carefully to cover the assembly. The filter material is very weak 
at this time and may be dar.iaged by the force of pouring water. The bath 
is then agitated for 15 min. at the lowest setting. This procedure i.s 
repeated twice more, removing the glass rod tray assembly fron the bath 
for each change of H20. 

6. 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 it upon two beakers for support. The larger 
glass rod 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 a.re then inverted and placed on a filter flask. The 
filters should be flat with no wrinkles. 

7. The filter material is rinsed thoroughly with distilled H20 using suction. 
Rinsing is continued until 4 liters have been collected. The filter 
material is still weak. 

8. 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. 

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

10. The filters a.re placed in the large glass rod tray, wnicn is then placed 
in the ultrasonic bath. Two liters of a pH 5 H3P04 solution are added 
and the bath is excited for 15 min. at the maximum setting, 

11. The glass rod tray containing the six filters is removed from the bath. 
The filters a.re then individually removed from the stack with large 
pancake spatulas and placed on fue 
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12. 

13. 

1. 

2. 

3. 

4. 

5, 

Appendix H (continued) 

Preliminary drying is carried out in the laminar flow hood overnight. 
Final drying is accon:plished in the drying oven at 65-75°C. 

The cooled filters are each placed in a plastic fi1111-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) i3 to remove organic binding 
substance from the quartz material. If the quartz is placed in the hot 
concentrated H3?0 4 without ignition, discoloration of the acid may occur. 
A stack of 30 filter sheets have been ignited at one time (by Brookhaven) 
with no difficulties. If more than one filter batch 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 H3P0 4 
and easily damaged. Arter prolor.ged soaking in H20, a return of the 
characteristic white color of the quartz 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 
me.terial (6 sheets plus the middle liner) have been rinsed, ne'- glass 
fiber material should be used. 

The increase in quartz tensile strength indicated after completion of 
step 9 is probably caused by the formation of a type of phosphate glass 
~esidual 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 H3P04 , pH 5 used in step 11 is conveniently prepared by diluting 
one drop of concentrated H3P0 4 to a liter. A further dilution of this 
stock solution by 1 to 50 will yield a pH of approximately 5. The soak 
procedure in the ultrasonic cleaner allows e, 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 
GLP..:3S ROD TRAY 

Glass rods for screen 
~ 1/8" diameter. 

Glass rods for fra~e an~ 
handles ~ 1/4'' diar.eter.II" 

Figure H-2 

GLASS ROD ?RAKE 

It>,, 
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Appendix I 

Di u.---naJ. Variations for NO, N02 , 0 3 , S02 , Soiling Index,Windspeed and Direction 

During Pittsburg Sa~pling. 
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