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ABSTRACT

A study was conducted to evaluate errors in the determination of atmospheric
sulfate and nitrate employing filter sampling. Seven filter media were
evaluated including Fluororecre, Whatman 41, Celman GA-1, Gelman A, Gelman
Spectrograde, Gelman EPA Grade and MSA 1106BH. The evaluation employed
both field sampling and laboratory studies of the interaction of filter
media, particulate matter and potential oxidation catalysts with pollutant
gases (S0;, NO,, HNO3, NH3, Oj).

Field studies demonstrated that fluoropore Tilter samples exhibited the
lowest levels of artifact sulfate and nitrate, consistent with the behavior
of clean Fluoropore filters in laboratory exposure studies. Glass and
cellulose fiber high volume filter samples provided significant levels of
both artifact sulfate and nitrate in field and laboratory studies. Parti-
culate matter exhibited only a negligible role in influencing artifact
sulfate. Manganese and copper oxide on filters was shown to produce sul-
fate from SO, exposures. Soot, iron and vanadium oxides had no effect.
Further work is necessary to establish the relevance of the results with
metals to atmospheric conditions. Fluoropore filters are recommended for
future atmospheric sulfate and nitrate monitoring.
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Executive Summary

A combined field sampling and laboratory study has elucidated factors
contributing to errors in measuring ambient concentrations of sulfate and
nitrate by filter sampling. Past studies have demonstrated substantial
differences in observed levels of these materials depending on the type
of filter used. Errors using glass fiber filters were shown to be larger
than with other filter types. The cause of the sulfate error appeared to
be the collection of sulfur dioxide (SOZ), an acidic gas, on filter media
with appreciable alkalinity leading to positive error in the measured
value of particulate sulfate. The error due to SO, collection is referred
to as "artifact sulfate”. There also is some data which indicate that gas
phase nitric acid (HNO3) and nitrogen dioxide (NO,) can be collected by
filters, giving rise to "artifact nitrate" formation.

The goal of the current program was to evaluate a series of filter media

of relevance to the California Air Resources Board with respect to errors in
measuring sulfate and nitrate. The filters chosen included Gelman

"EPA Grade" glass fiber, the currently used filter medium for high volume
samplers, three other glass fiber filters, a cellulose filter, and both

a Teflon and a cellulose acetate membrane filter.

The filters studied were evaluated in side-by-side field sampling at two
locations in California. Both low and high volume sampling were done, the
former with and without particle size segregation. ILaboratory studies

of artifact sulfate employed varying simulated atmospheric conditions and
examined the role sulfite, armonia, ozone, nitrogen dioxide, atmospheric
particulate matter, and five potential catalysts for S0, to suifate con-
version in influencing observed sulfate levels. Artifact nitrate studies
evaluated the role of both nitrogen dioxide and nitric acid under varving
simulated atmospheric conditions and the influence of nitrite, ammonia,
ozone and S50, on observed nitrate.

Field sampling revealed up to a factor of three in the mean 2h-hour
average observed sulfate among filters, with Teflon filters (Fluoropore)
and glass fiber filters (MSA 1106BH) showing the largest difference.¥

With one exception the results indicate increasing sulfate with increasing
filter pH.

Nitrate results from field sampling revealed up to a factor of 2.4 in
mean 24-hour nitrate results, with Fluoropore and MSA 1106BH again showing
the largest differences.

Laboratory studies of the interaction of SO, with clean filters demonstrated
up to 5.3 and 3.5 pg/m3 artifact sulfate for 2L-hour S0, exposures (0.1 ppm)
on MSA 1106BH and EPA Grade filters. These are considered upper limit values
for artifact sulfate levels to be encountered in ambient air sampling.
Fluoropore filters caused negligible amounts of artifact sulfate formation.
Artifact sulfate increased with increasing humidity. Ammonia near ambient
levels had no effect, but ozone at 0.5 ppm led to substantial increases with

®¥The "EPA Grade" filters were not available in time for field sampling.
Results of laboratory evaluations suggest that field sampling results
with this filter should be similar to those for MSA 1106BH.
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both FPA Grade and MSA 11C4BH filters. Atmospheric particulate matter
caused a slight decrease in artifact sulfate over that found with clean
filters. Of the potentiai metal catalysts, only manganese oxide caused

a substantial increase irn +the observed level of artifact sulfate. The
significance of this finding to atmospheric conditions cannot be assessed
without further study. A gqualitative summary of the effects of the vari~
ables studied in artifact sulfate formation is given in Table 1.

Laboratory studies of artifact nitrate indicated that filter collection
of nitric acid is substantially greater than with nitrogen dioxide.
Gelman Spectrograde {a silicone-coated glass fiber filter) caused the
highest level of artifact nitrate, removing 53% of the HNO3 in the air
stream at 50% relative humidity. Fluoropore filters caused the minimum
levels of artifact nitrate.

Based upon the present study. Fluoropore filters are the optimal choice
for sampling sulfate and nitrate with almost negligible artifact formation.
However the filters can only be used for low volume sampling. Ameong the
hi-volume filter media evaluated, Gelman A (at least from the batch studi
_ 1s probably the best choice. However, artifact sulfate and nitrats |
‘remain substantial on this filter type. Furthermore, the likeli:
batch-to-batch variations with this filter makes evaluation of the =-
of artifact nitrate and suifate with each bateh a necessary gquality as
ance procedure.

Although unavailable for field studies in the current program, lsboratory
work with Gelman EPA Grade suggests this filter type would provide signi-
ficant levels of both artifact sulfate and nitrate. Since this filter
type has been used by the Hational Air Surveillance Network, the resulting
sulfate and nitrate data should be viewed with caution.

We recommend that, commencing as soon as practicable, a network of low
volume samplers, emplcying Fluoropore be installed to run in parallel for

a period of time (perhaps one year) with the current hi-vol network, at
selected locations. The stations chosen might be the same as those to be
used in the pilot ARB size segregated partiecle monitoring program. Sulfate,
nitrate and TSP determinations should be carried out on both filter types
to establish a long term comparison. Subsequently, sulfate and nitrate
monitoring should employ only Fluoropore filters.

Because of the decreased sample size obtained with the low volume samplers
we recommend sulfate analyses be carried out by the ATHL microchemical
method in place of ATHL Method 61 and nitrate, by the copper-cadmium re-
duction-diazotization procedure automated for the Technicon autcanalyzer.
Complete elimination of hi-vol sampling, as currently done, should be con-
sidered a goal to be implemented at the earliest practicable date. Until
then the hi-vol sample could continue to be used for characterization of
organics, determination of Fb and other metals of possible interest.
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Table 1

Summary of the Effect of Varisbles on Artifact Sulfate Formation
from SOs~Filter Interaction {0.1-0.5 ppm SO5)

Variagble Effect

Filter pH Large increase at high pH

Relative humidity at Large increase at high RH with high pH filters

constant temperature

Relative humidity at Large increase at high RH with high pH filters

constant absclute humidity :

) Génerally large increase especially at lower RH

MnCp (and/or Mny0s) Large increase

Cul Small increase

Temperature Small, for range 7—3500

S0, exposure time Negligible 6-24 hours except Spectrograde and
Whatman 41

Flow rate " Slight in 6-24 hour exposures for range 0.6~L.3 cfm™

NHa Slight at 40 and S0 ppb NHa

Carbon (socot) None

Atmospheric particulate Slight decrease

matter

Fe(OH)z(and Fes0s) Slight decrease

V20s Slight decrease

NO Results équivocal but some indication of decrease

a. Face velocity20-U47 cm/sec using 47 mm filters with exposed diameter
41 mm.

b. Total and respirable particulate samples collected on Gelman GA-1
filters for 6 and 24 hours.




fiand

1T.

ITT.

TABLE OF CONTENTS
(Volume I)

Abstract

Executive Summary

List of Figures

List of Tables

Acknowledgements

Introduction

Technical Summary and Conclusions

Experimental

A. TField Sampling

B. Pollutant Gas Generation and Laboratory Exposure System
C. Wet Chemical Analytical Methods

Characterization of Filter Media

A.

Introduction

Filtration Efficiency Studies
Water Extractable Ions

Carbon Content

Batch-to-Bateh Variations

Filter Media Comparisons with Atmospheric Samples

A.

B.

Description of Days Sampled

Sulfate Results

Nitrate Results

Carbonaceous Material Results

Metals Determination of Atmospheric Samples

Mass Results

vi

iii
ix
xii

xiv

31

33
33
36

38
38 .
38
51
89
89
95



VI.

VII.

VIII.

Laboratory Study of Artifact Sulfaté Formation on Clean Filter

Media

A. Introduction

B. Adsorption Isotherm Results

C. BSulfite vs. Sulfate Formation

D. Artifact Sulfate Formation in Side-by-Side Exposures of
Filters to S0 in Clean Air

E. The Effect of Ammonia on Artifact Sulfate Formation

F. The Effect of Ozone on Artifact Sulfate Formation

G. The Effect of NO; on Artifact Sulfate Formation

H. Comparison of Artifact Sulfate Results with Other Studies

Laboratory Study of Artifact Nitrate Formation on Clean Filter

Media

A. Introduction

B. Artifact Nitrite and Nitrate from NOp;-Clean Filter Interaction
C. The Effect of Ammonia on Artifact Nitrate Formation from WO,

D. The Effect of Czone on Artifact Nitrate Formation from NO,

E. The Effect of S0, on Artifact Nitrate Formation from NOp

F. Artifact Nitrate Formation from Nitric Acid

G. The Effect of Time, Relative Humidity and Temperafure on Nitric

Acid Collection by Filter Media

Laboratory Studies of Artifact Sulfate Formatlon on Filters Loaded
with Potential S0, Oxidaticn Catalysts

Introduction
Carbon as a Catalyst for S0, Oxidation

Iron, Vanadium, Manganese and Copper Oxides as S50, Oxidation
Catalysts

vii

112

112

1kk

149
149
1k9

1k9



Laboratory Studies of Artifact Sulfate. Formation from Atmospheric

XI.

Particulate Plus Filter Media-S0, Interactions 153
A. Introduction 153
B. Results 153
C. Conclusions 154
Comparison of Atmospheric and Laboratory Sulfate and Nitrate

Results 157
A. Sulfate 157
B. Nitrate 157
References 161

T EA o o st t eee e

viii



LIST CF FIGURES

Number Title
1 General View-Low Volume Sampling System
2 Diagram-Detail of Low Volume Sampling System
3 Cyclone
4 Plan View Showing Location of High Volume Samplers and Low Volume

Sampling Probe on Roof at San Jose Monitoring Station

5 Roof Plan of Hangar 1 Showing Arrangement of Hi-vol and Lo-vol
Samplers with Respect to Location of Major Roof Top Structures
; 6 System for Generating Test Gases and Exposing Filters
T Exposure Manifold
8 Schematic-Nitric Acid Analyzer
9 Inter-method Comparison of Sulfate Methods
- 10 Hourly Average S0, Concentraticns at Los Alemitos
11 Hourly Average SO, Concentration at Los Alamitos
12 Diurnal Variations for Sulfate at San Jose Episode A
{October L-5, 1976)
( 13 Diurnal Variations for Sulfate at San Jose Episode 3
¢ (October 5-6, 1976)
14 Diurnal Variations for Sulfate at San Jose Episode C
(October 6-7, 1976)
15 Diurnal Variations for Sulfate at San Jose Episcde D
(October 7-8, 1976)
16 Diurnal Variations for Sulfate at San Jose Episode E
(October 8-9, 1976)
17 Diurnal Variations for Sulfate at San Jose Episode F
(October 9-10, 1976)
18 Diurnal Variations for Sulfate Los Alamitos Episode A
(October 28-29, 1976)
19 Diurnal Variations for Sulfate Los Alamitos Episode B
(October 29-30, 1976)
20 Diurnal Variations for Sulfate Los Alamitos Episode C
(October 30-31, 1976)
21 Diurnal Variations for Sulfate Los Alamitos Episode D
(October 31-November 1, 1976)
22 Diurnal Variations for Sulfate Los Alamitos Episode E
_ (November 1-2, 1976)
N 23 Diurnal Variations for Sulfate Los Alamitos Episode T

(November 2-3, 1976)

ix




LIST OF FIGURES

{continued)
| Number ‘ Title
2k Diurnal Variations for Sulfate Los Alamitos Episode G
(November 3-4, 1976) ,
25 Diurnal Variations for Sulfate Los Alamitos Episode H
(November L-5, 1976)
26 Diurnal Vaeriations of Nitrate and Pollutant Gases
San Jose Episode A (October k-5, 1976)
27 Diurnal Variations of Nitrate and Pollutant Gases
San Jose Episode B (October 5-6, 1976)
28 Diurnal Veriations of Nitrate and Pollutant Gases
San Jose Egpisode C (Octover 6-7, 1976)
29 Diurnal Vardiations of Nitrate and Pollutant Gases
San Jose Eunisode D (October 7-8, 1976)
30 Diurnal Variations of Nitrate and Pollutant Gases
San Jose Episode E (Cctovber 8-9, 1976)
31 Diurnal Variations of Nitrate and Follutant Gases
San Jose Episode F {Cctober 9-10, 1976)
32 Diurnal Veriations of Nitrate and Pollutant Gases
Los Alamitos Episode A (October 28-29, 1976)
. 33 Diurnal Variations of Nitrate and Pollutant Gases
( Los Alamitocs Episode B (October 29-30, 1976)
¢ 3% Diurnal Variztions of Nitrate and Pollutant Gases
Los Alamitos Episcde C (October 30-31, 1976)
35 Diurnal Varisztions of Nitrate and Pollutant Gases
Los Alamitos Episode D {October 30-November 1, 1976)
- 36 Diurnal Variations of Nitrate and Pollutant Gases
: Los Alamitos Episode E (November 1-2, 1976)
37 Diurnal Variations of Nitrate and Pollutant Gases
Los Alamitcs Episode F (November 2-3, 1976)
38 Diurnal Variations of Nitrate and Pollutant Gases
Los Alamitos Episode G (November 3-4, 1976)
39 Diurnal Variations of Witrate and Pollutant Gases
Los Alamitos Episcde H (November L-5, 1976)
Lo Sulfate vs. Vanadium Levels
Ly Sulfate vs. Nickel ILevels
Lo Corrected Zdsorption Isotherm for MSA Filiter with SO,
43 Scatter Dizgram of Sulfite Fraction Against Filter pH
by Sulfate Cuserved vs. SO, Exposure Time
45 Sulfate Cbserved vs. SO, Exposure Time




e —

Number

Ly
Lg

k9

51
52
53
54

LIST OF FIGURES

(continued)

Title
The Effect of Flow Rate on Artifact Sulfate
The Effect of 30, Concentration on Artifact Swlfate

Effect of Relative Humidity on Artifact Sulfate at
Constant Temperatures

The Effect of Change in Relative Humidity (At Constant Absolute
Humidity) on Artifact Sulfate Formation

The Effect of Temperature Change on Artifact Sulfate Formation
Artifact Sulfate in Filter Sampling

Artifact Sulfate Formation with EPA Grade Filters (pH = 9.3)
Artifact Sulfate Formation with MSA 1106BH Filters (pH = 9.4)
HNOs Exposure Study




Number

N V1w N

[oc BN

11

12

13
1k
15
16
17

18
19
20
21
22
23

2k

25

26
27
28
29

LIST OF TABLES
Title

Summary of the Effect of Variables on Artifact Sulfate Formation from
S0g-Filter Interaction (0.1-0.5 ppm S0p)
Field Sampling Scheme for Sulfate-Nitrate Sampling Study at San Jose
Field Sampling Scheme for Sulfate-Nitrate Sampling Study at Los Alamitos
Pollutant Analyzers used in Laboratory Exposure Studies
Intermethod Comparison of Sulfate Methods (mg/ml sulfate)

Intermethod Comparison of Nitrate Determinations using 24-hour Hi-Vol
Extracts (ng/ml)

Measured Filtration Efficiencies

Water Extractable Ions from Blank Filters (pg/filter)
Carbon Blanks for Glass Fiber Filters (ugC/8 x 10" filter)
Batch Numbers for Filter Media Evaluated

Pollutant Maximums and Meteorological Conditions During Sampling at
San Jose '

Pollutant Maximums and Meteorological Conditions During Sampling at
Los Alamitos

Sulfate Results from 2k-Hour Samples (ug/m3?)
Sulfate Results from Six-Hour Samples at San Jose (ug/m3)

" Sulfate Results from Six-Hour Samples at Los Alamitoes (ug/m3)

Comparison of Sulfate Results on Different Filter Media

Respirable Sulfate as a Fraction of Total Particulate Sulfate in
Six-Hour Low-Vol Filter Samples

Comparisoq of Calculated and Observed 24-hour Sulfate Values
Nitrate Results from 24-Hour Samples {(ug/m3)

Nitrate Results from Six-Hour Samples at San Jose (yg/m3)
Nitrate Results from Six-Hecur Samples at Los Alamitos (Ug/m3)
Comparison of Nitrate Results on Different Filter Media

Respirable Nitrate as a Fraction of Total Particulate Nitrate in
Six-Hour Low-Vol Filter Samples

Comparison of Calculated and Observed 2L-Hour Nitrate Values
(Overall Ratio + 10)

Total Organic Carbon and Elemental Carbon Results from 2L -Hour
High-Volume Samples (ug/m®)

Total Carbon Results from 24-Hour Samples (ng/m®)

Correlation Between Atmospheric Sulfate and Carbonaceous Material
Total Carbon Results from Six-Hour Samples at San Jose (ug/md)
Total Carbon Results from Six-Hour Samples at Los Alamitos (ug/m3)

xii



Number

30
31
32
33
34
35
36

38
39
Lo
L1

42
43

Lk
45

L6
L7

L8
L9

50
51
52
53
sh
55

56

LIST OF TABLES

{continued)
Title

Concentrations of Metals Observed in 2k-Hour Atmospheric Samples (ug/m3)
Fraction of Metals in Respirable Size Range

Mass Results from 2L-Hour Samples (ug/m3)

Mass Results from Six-Hour Samples at San Jose (ug/m3)

Mass Results from Six-Hour Samples at Los Alamitos (ug/m3)

Comparison of Mass Results on Different Filter Media

Comparison of Calculated and Observed Mass Values

Respirable Mass as a Fraction of Total Particulate Mass in Six-Hour
Low-Vol Filter Samples

Summary of 8502 Adsorption Isotherm Results
Sulfite vs. Sulfate Formation from S02-Clean Filter Interaction
Summary of Artifact Sulfate Results

S0p-Clean Filter Exposures as a Function of Temperature and Relative
Humidity at Hi-Vol Flow Rate (ug/filter)

Summary of Artifact Sulfate Results (ng/md) at Hi-Vol Flow Rate
Summary of Artifact Sulfate Results {ug/md) at Lo-Vol Flow Rate
The Effect of Ammonia on Artifact Sulfate Formation (ug/filter sulfate)

The Bffects of Ozone on Artifact Sulfate Formation in Six-Hour 80p
Exposures (Hg/Filter Apparent Sulfate)

The Effect of NO» on Artifact Sulfate Formation

Observed Nitrite and Nitrate in Side-by-Side Sampling of NO2 with
Clean Filters

Effect of NH3 on Artifact Nitrate Formation from NO2 (ug NO3~/filter)

The Effect of 0.5 ppm Ozone on 0.5 ppm NO, Adsorption on Clean
Filter Media (90% R.H.)

The Effect of 0.1 ppm SO, on Artifact Nitrate Formation from NO2
Summary of HNO3 Exposure Results (ug/filter j_ld)

Average Efficiency for HNO3 Collection (%)
SOy-Catalyst Interaction Studies (ug SO4~/47 mm Filter)
Summary of Particulate-SO, Interactions (ug/25 mm Filter) at 90% RH

The Effect of Storage Time Following 50, Exposure of Particulate-
Loaded Samples (ug SO, /25 mm filter)

Comparison of Atmospheric Total Sulfate and Laboratory Artifact
Sulfate Results

Comparison of Atmospheric Total Nitrate and Laboratory Artifact
Nitrate Results

xiii



sty

Acknowledgments

The authors wish to gratefully acknowledge Drs. Walter John, Georg Reischl,
Susanne Hering and Mr. Glen Sasaki for determination of filtration effi-
ciencies and preparation of filters loaded with monodisperse metal particu-
lates for the catalyst studies described herein. Dr. John also designed

and calibrated the cyclone used for sampling respirable particulates.

Dr. Evaldo Kothny carried out a number of the analyses reported here and, in
addition, provided valuable comments.

Messrs. Dario Levaggi, Wayman Siu and Clayton Ong of the Bay Area Air
Pollution Control District generously provided use of their San Jose station
facilities and air monitoring data for field sampling. Similarly,

Captain William K. Carr, Commanding Officer, Naval Air Station, Los Alamitos,
provided use of his facilities in Los Alamitos. Their cooperation is grate-
fully acknowledged. Mr. William Bope, Southern California Air Quality
Management District (Southern Section) provided air monitoring data.

Finally, we wish to acknowledge Drs. Jack Suder and John Holmes of the
California Air Resources Board for their continued interest and support.

Xxiv




I. Introduction

X The collection of atmospheric sulfates and nitrates on Tilter media is
hampered by several potential sources of error. These may be stated
in generalized terms for particulate constituent A as follows:

(A)Obs = (A)correct - (A lost by penetration through the filter)

(A lost by incomplete extraction)

(A lost by reaction with filter)

+

(A formed on filter from gaseous materials)

+

(A formed by interaction with particulate constituents)

Available data indicate that results for atmospheric particulate sulfate
collected on glasslfiber high-volume filters will, in general, be too
high by 1-4 ug/m3. > The principal cause of this error appears to be
the collection of significant quantities of sulfur dioxide on such filters
because they are distinctly alkaline. The collected_sulfur dioxide, when
hydrated, exists as some combination of sulfite (8037 ) and sulfate (S0,7).
However, under usual extraction and analytical conditions sulfite, if
present, is oxidized to sulfate and represents a 100% positive interfer-
ence in sulfate measurement.>¥ The observed sulfate attributable to
collection of S0, is usually referred to as "artifact sulfate". Tt has
also been shown that ions extractable from such filters can lead to
positive errors in sulfate determinations by commonly used procedures.”

The role of particulate matter constituents in artifact sulfate formation
remains unclear. While laboratory studies demonstrate that under some
conditions ions from the metals iron, vanadium and copper can enhance
oxidation of sulfite in aqueous solutionss’6’7, these metals failed to
similarly enhance such oxidation when supported on filters.! Recent
attempts to demonstrate the catalytic role of atmospheric particulate
matter in SO, conversion have similarly failed to find evidence of
significant activity.?

Sampling errors in the collection of atmospheric nitrates have been noted
only recently. Appel, et al., observed that nitrate serially collected
on Gelman GA-1 cellulose acetate filters exhibited, on average, nearly
‘twice the values obtained with a single 24~hour high-volume sample col-
lected simultaneously on Whatman 41 (cellulose) filters.® In side-by-
side sampling by the Southern California Air Quality Management District
(Metropolitan Zone), Gelman "Spectrograde” glass fiber filters were
observed to collect, on average, about three times the nitrate observed

*¥Throughout this report, unless analyses for sulfite are given, the term
"sulfate" will be understood to include the sum of sulfate and sulfite
removed by aqueous extraction from filter media.
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on Gelman type A glass fiber filters.® Spicer reported that Gelman AA
glass fiber filters, (batch 8188, used by the EPA's NASN network until
recently) collected nearly 20 times the level of nitrate observed on a
quartz fiber filter.l0 In limited laboratory studies!! carried out at
Battelle, glass fiber filters were shown to collect both nitrogen
dioxide (IN0,) and vapor phase nitric acid (HNO3) with substantially
higher collection of the acid. Spectrograde filter, which exhibited =
nearly neutral pH, collected substantially more HNO3 than did typical
high pH glass fiber filters. Thus, positive errors in collection of
atmospheric particulate nitrate appears to be related to the collection
of gaseous ENOj3 and NO,.

The present study of artifact sulfate and nitrate formation was under-
taken to evaluate a series of filter media considered relevant to the
California Air Resources Board programs. In addition, the role of
catalysts present in atmospheric samples on the collection of S0, was
explored.

The filter media studied include:

1. Gelman type A (glass fiber)

I4

< 2. Gelman "Spectrograde" (glass fiber)
3. Gelman "EPA Grade" (glass fiber)
L, WMSA 1106BH (glasbs Tiber)
I 5. Whatman 41 (cellulose)
6. Gelman GA-1, 5 ym pore size (cellulose acetate)
T. Fluoropore FALP, 1 um pore size (Teflon)

The "EPA Grade" glass fiber filter is being distributed nationwide by
the EPA and has been used by all sampling networks in California since
July 1, 1977. "EPA Grade'" filters were not evaluated for artifact sul-
fate and nitrate formation prior to their distribution and use. They
replace MSA 1106BH at ARB monitoring sites. Gelman "Spectrograde"” and
Whatman L1 are among the various media which were used by local monitor-

. ing districts in California prior to the above date. Among the glass
fiber filters, Gelman "Spectrograde" is unique in having a silicone
resin surface coating, which is intended to minimize artifact sulfate
formation by masking the alkaline glass surface. Gelman GA-1 and
Fluoropore FALP are for use in low-volume samplers. These filters have
been used in various research programs and, to a limited extent, in
monitoring. Based on prior work, both fllters offered promise of pro-
viding efficient collection of particulate matter while minimizing
artifact sulfate due to interactions with the filter.

This study was designed to measure the error in monitoring atmospheric
sulfate and nitrate using the above-mentiocned filter media as well as
to recommend media for future monitoring programs.




The program includes both laboratory evaluation of filter media ex-
posed to pollutants and side-by-side field sampling. The latter served
two purposes: To provide samples for laboratory evaluation of the
catalytic effect of actual particulate constituents on artifact sulfate
formation, and secondly, to provide a side-by-side comparison of filter
media varying such parameters as flow rates, particle size segregation,
and sampling periods.

The specific goals are:

1.

To determine, in chamber exposure experiments, the formation of
artifact sulfate and nitrate resulting from 503, NO; or HNO3 under
varying simulated climatic conditions.

To evaluate the influence of ammonia and ozone on the collection of
sulfur dioxide and nitrogen dioxide on filter media.

To determine the effectiveness of carbon, iron, manganese, vanadium
and copper in influencing the collection of sulfur dioxide on
filter media.

To detérmine the combined influence of filter media and particulate
matter constituents on collection of atmospheric sulfate and nitrate.
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Technical Summary and Conclusions

A combined field sampling and laboratory study has elucidated sources
of errors in determining ambient concentrations of sulfate and nitrate
by filter sampling. Seven filter types were evaluated:

oH
Fluoropore FALP, 1 um pore size (Teflon) 5.8
Gelman GA-1, 5 Qm pore size (cellulose acetate) 5.5
Whatman 41 (cellulose) 4.6
Gelman A (binder free glass fiber) 7.6

Gelman Spectrograde (silicone treated glass fiber) 6.2
MSA 1106BH (binder free glass fiber) 9.4
Gelman "EPA Grade'* (binder free glass fiber) 9.3

Field sampling was done at San Jose and Los Alamitos for a total of 14,
2hk-hour periods. In addition to filter media comparisons, the field
sampling permitted comparison of hi-volume and lo-vol sampling, the
latter with and without particle size segregation using a cyclone
separator. Short term and 2h-hour samples were also compared. Filter
sarmples were also analyzed for total suspended particulate, total carbon,
total organic carbon, elemental carbon and metals by g-particle induced
x~-ray fluorescence analysis (a-XRFA), all of which were necessary for
the total evaluation of the filters.

The labtoratory phase included an evaluation of artifact sulfate and
sulfite formation resulting from interaction between S0, and clean

Tfilter media as a function of filter type, time, flow rate, temperature,
relative humidity and concentrations of S0, , ammonia, ozone and NO,.
Sulfate formation due to interactions between SO, and potential oxidation
catalysts as well as atmospheric particulate matter was alsoc evaluated.
Similarly, artifact nitrate formation with nitric acid and NO, was eval-
uvated as a function of filter type, time, flow rate, NOX concentration,
temperature, relative humidity, ozone and S0, concentrations using clean

 filter only.

Results from the field sampling revealed a range of a factor of three

in the observed sulfate levels on different filters, with Fluoropore
(lo-vol) and MSA 1106BH (lo-vol) results representing the low and high
extremes, respectively. Among the 2bk-hour high volume filter samples,
Spectrograde and MSA 1106BH yielded the highest mean level of artifact
sulfate (3.1 pg/m®)** and Whatman L1, the lowest. Excepting Spectrograde,
the results generally indicate increasing observed sulfate with increasing
filter pH. Comparing sulfate collected on low volume total and respirable
particulate samplers, Fluoropore filters yielded a generally lower fraction
of respirable sulfate compared %o the other filters.

- *Manutacturer s designation. This filter became available too late for

field evaluation.
*¥%¥By comparison to Fluoropore results.
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Despite significant differences between sulfate levels, the diurnal
patterns obtained on different filters, in side-~by-side sampling,
were generally similar. Diurnal patterns for sulfate at Los Alamitos
were usually similar to those for S0;, both peaking in the afternoon.
At San Jose, 50, levels were below detectable limits preventing such
comparisons.

Nitrate results from field sampling revealed a range of a factor of

2.4 in mean 2L-hour nitrate results, with Fluoropore (lo-vol) and

MSA 1106BH (lo-vol) the low and high extremes, respectively (as with
sulfate). Fluoropore alsc exhibited the smallest mean fraction of
respirable nitrate (0.68). As with sulfate, the diurnal patterns for
nitrate were similar on the different filters and at San Jose often
resembled that for N0, .¥ However, there were indications of enhanced
artifact nitrate on MSA 1106BRH during an NO; maximum with scmewhat
elevated ozone levels. Among the 2L-hour hi-volume samples, MSA 1106BH
yielded the highest mean level of artifact nitrate (9 ug/m3) calculated
by subtracting mean nitrate results obtained on Fluoropore.

The Los Alamites site was chosen because its proximity to a power
plant led to elevated S0p levels and presumably enhanced levels of
fuel oil combustion-relzted metals (vanadium, nickel, iron) which
might catalyze conversion of S0, to sulfate. However, vanadium
concentrations at the site were generally below detectable limits by
a~XRFA. Nickel levels were sufficiently elevated to permit trials
for correlations with the observed sulfate. The low correlation
coefficient (0.5) sugzests important sources of nickel and/or sulfate
in addition to the power plant.

Laboratory studies of artifact sulfate formation revealed trends
gimilar to these in field sampling; the degree of S0; collection
leading to artifact sulfate increased with filter pH with negligible
levels on Fluoropore filters. Spectrograde filters (pH = 6.2) were
notable exceptions exhibiting only moderate levels of artifact sulfate.
Artifact sulfate increased sharply with increasing relative humidity
(e.g. from ca. 160 to 340 pg/filter for EPA Grade with 0.1 ppm SOz

at 20°C), and showed lesser increases with S0, concentration and
increasing temperature. Addition of ammonia near ambient levels had

no effect, but ozone addition led to substantial increases in artifact
sulfate with the high pH filters {e.g. from 165 to 312 ng/filter for
EPA Grade filters on adding 0.5 ppm O3 to 0.1 ppm SOz at 20°C).
Twenty-four-hour exposure of the high pH filters, MSA 1106BH and EPA
Grade, to 0.1 ppm SO; at hi-vol flow rates, led to artifact sulfate
levels of 5.3 and 3.5 ug/m3, respectively. These are considered

upper limit values to the artifact sulfate to be encountered in ambient
air sampling. The presence of NO, was shown to substantially depress
artifact sulfate formation from 0.1 ppm SO,. This is consistent with
the competition of all acidic gases for a limited number of sites. The
relatively high level of artifact sulfate on Spectrograde in atmospheric
sampling may reflect the effect of such competition. For example, the
high pH filters may be substantially neutralized by acldic gases other
than SO, to a much greater degree than Spectrograde. This rational

. ¥NO, data were not available at the Los Alamitos site.
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must relate to pollutants other than NO since artifact sulfate results
on Spectrograde were sharply reduced in the presence of NOy

Wet chemical analytical methods for sulfate do not distinguish between
sulfite (S037) and sulfate (SO4™) since SO03™ is oxidized to sulfate

under extraction and/or analysis conditions. 1In evaluating artifact
sulfate formation from SOp-clean filter interaction, the S037/S0,T ratio
was determined immediately after the SO, exposures and found to be highest
for the high pH filters (SO3 /SOg mole ratio 0.9 for MSA 1106BH and 1.7
for EPA Grade). Thus sulfite may play an important role in contributing
to artifact sulfate. »

The interaction of SO with five potential catalysts including combustion
derived carbon ("soot"), CuO(or Cu(OH)z), V,0s, MnOp (or Mn,03) and
Fe(OH)3 (or Fep03) supported on filter media was evaluated with these
materials loaded on MSA 1106BH, Fluoropore and, for carbon only, Gelman A
filters. With carbon, V205 and the ferric oxide, no increase in artifact
sulfate was seen. Indeed, for V,05 and ferric oxide artifact sulfate

was less than observed for clean filter-SO, interactions. With cupric
oxide, however, a small increase in artifact sulfate was seen while with
the manganese oxide, the increase was large (up to 260 ug/filter). The
latter increase was consistent with formation of manganese sulfate as the
principal sulfate product. Thus the manganese oxide may not be functioning
as a catalyst but merely as a resctant with sulfur dioxide. The relevance
of the observed enhancements to atmospheric sulfate formation cannot be
deduced without further studies.

S0, exposure of particulate loaded filters gave no indicaticn that
particulate-S0, interactions contribute to artifact sulfate formation
in ambient air sampling. Indeed, the observed artifact sulfate was
reduced relative to that expected due to clean filter-S0, interaction.
The concentration of manganese in the samples used was generally below
detection limits.

In laboratory studies of artifact nitrate formatlon, passing NOp through
clean filter media, revealed up to 2.3 ug/m artifact nitrate in 6-hour
exposures. The artlfact nitrate formed increased with filter pH. In the
presence of 0.5 ppm ozone, artifact nitrate increased by up to 7 ug/m3
with the high pH filters, compared to levels without ozone. Ammonia had
no effect on NOz-related artifact nitrate. In the absence of ozone,
artifact nitrate due to NOz-clean filter interactions is insufficient

~to explain the differences noted above in atmospheriec nitrate results

among the filters used.

In contrast to NO;, gaseous nitric acid (at 0.2-0.5 ppm) led to large
artifact nitrate levels except on Fluoropore filters (e.g. 200 ug/m3

in 6-hour exposures on EPA Grade). The collection of nitric acid
increased sharply with inereasing relative humidity. In contrast to
results with NO,, Spectrograde filters (pH = 6.2) collected the greatest
amount of nitric acid under all conditions. With 0.2 ppm HNO3 the effi-
ciency of the filters for collecting HNO3 ranged from 5_1% for Fluoropore
to 53% for Spectrograde. Spectrograde filters also differed from the
other filter types in yielding inecreased, rather than decreased artifact
nitrate with increasing temperature in the range 7 to 35 C, implying

_ chemical reaction with the silicone coating. The analytecal method used

-6 -
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for nitrate does not <distinguish between nitrate (NO3“) and nitrite
(NOZ_) but can be easily modified to do so. It was demonstrated that,
with all filters, the 30, /NO; ratios resulting from NO, and HNOj-clean
filter interaction was close to zero. Thus, while chemical reaction
with the silicone resin is a plausible mechanism to rationalize the high
artifact nitrate with Spectrograde filters, such reactions do not appear
to involve reduction of nitrate to nitrite.

The extent of artifact nitrate attributable to nitric acid in ambient
air sampling cannot be directly assessed without nitric acid concentra-
tion data. The present laboratory study, together with reports of up
to 25 pg/m HNO3 in the South Coast Air Basin,17 do, however, support
HNO3 as a likely important contributor to the nitrate differences
between filters observed in field sampling for this program.

Conclusions and Recomrendations

Based upon the present study, Fluoropore filters, with almost negligible
artifactual errors are the best choice for sampling sulfate and nitrate.
However, the filters c=z=n only be used for low volume sampling. Among the
hi-volume filter media evaluated, Gelman A (at least from the batch studied)
is the best choice. Hcowever, artifact sulfate and nitrate levels remain
substantial on this filter type. Furthermore, the likelihood of batch-
to-batch variations makes evaluation of the extent of artifact nitrate and
sulfate with each batck a necessary quality assurance procedure.

Although unavailable for field studies in the current program, laboratory
work with Gelman EPA Grade suggests this filter type would provide signi-
ficant levels of both srtifact sulfate and nitrate. Since this filter
type has been used by the National Air Surveillance Network the resulting
sulfate and nitrate dats should be viewed with caution.

We recommend that, commencing as soon as practicable, a network of low
volume samplers employing Fluoropore be installed to run in parallel
for a periocd of time (perhaps one yvear) with the current hi-vol network,
at selected locations, The stations chosen might be the same as those
to be used in the pilot ARRBR size segregation program. Sulfate, nitrate
and TSP determinations should be carried out on both filter types to
establish a long term comparison. Subsequently, sulfate and nitrate
monitoring should employ only Fluoropore filters.

Because of the decreased sample size obtained with the low volume samplers
we recommend sulfate analyses be carried out by the AIHL microchemical
method in place of ATEL Method 61 and nitrate, by the copper-cadmium
reduction-diazotization procedure automated for the Technicon autoanalyzer.
Complete elimination of ni-vol sampling, as currently done, should be
considered a goal to be implemented at the earliest practicable date.

Until then the hi-vol sample could continue to be used for characteri-
zation of organics, determination of Pb and other metals of possible

interest.
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Experimental

A,

Field Sampling

1.

Sampling Sites

Field sampling was conducted at two locations; one in an area
of moderate particulate matter concentrations but minimal SOj
concentrations {San Jose) and the other in an area of high
particulate matter {potentially including catalysts for S0,
oxidation) and 30; emissions (Los Alamitos). The sampling
sites were the San Jose air monitoring station of the Bay Area
Air Pollution Control District (BAAPCD) and the roof of Hangar
One at the Los Alamitos Naval Air Station (NAS) near Long Beach.

The BAAPCD site is located in the Santa Clara Valley at the
southern end of the San Francisco Bay and has no major local
sources of S0p. The station is about three blocks north of
San Jose's downtown area and is enclosed by three freeways,
U.S. 101, Highway 17 and Interstate 280, the latter being the
closest (0.5 miles to the south).

The NAS site is about three miles northeast of Scuthern
California Edison's Los Alamitos Steam Power Plant, and sig-
nificant ground level concentrations of SO, and fuel oil fly
ash are expected. The Southern California Air Pollution
Control District's Los Alamitos air monitoring station, about
one mile east of the NAS site, provided concurrent gaseous
pollutant and meteorological data. The NAS site provided
some wind data.

Equipment

Samples were collected as a function of particle size,
sampling media and collection time with 47 mm filters, and
as a, function of sampling media and time with & x 10" high-
volume filters.

The low-volume sampling system consisted of three 47 mm
filters, two for total and one for the refined particles
(Figures 1 and 2). The refined filter collected particles
smaller than 3.5 uym in aerodymamic diameter. A cyclone*
(Figure 3) ahead of the refined filter was used to remove
larger particles. One of the total filters operated for 24
hours. The other total filter and the refined filters were
changed every six hours. The minimum time between filter

*The cyclone was designed to have a 50% cutoff at 3.5 im at a flow rate
of approximately 0.6 cfm.
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changes was dictated by the flow rate needed for the cyclone,
which limited the sampling rate to 0.56 cfm, and

the need to collect sufficient particulate matter for the
analysis of sulfate. Although higher flow rates could have been
used with the two total filters, probable complications in data
interpretation made this unwise.

The six high~-volume samplers were calibrated and tested for
equivalence as discussed in Appendix A. The calibration was
checked at each site to reveal any changes during transport.

The particle sample probe and manifcld was designed to provide
isokinetic sampling of particles. With a sampling rate of

0.56 cfm for all low-volume samplers, a tctal flow rate through
the probe of 4.4 cfm was calculated to achieve isokinetic
sampling.

At San Jose, the low-volume sampling system was installed at
the station permitting filter changes inside the station. At
Los Alamitos, a portable stand was used to support the sampling
probe and manifold. A portable enclosure was fabricated for
sheltering the filter changing operations, the SO, analyzer/
recorder unit and the line voltage recorder. The shelter had
provisions for securing the support gases (Hz, 305, standard,
air) and the main flow monitor to the shelter sides and was
equipped with a fluorescent light for operation at night.

A Meloy SA-160 flamephotometric sulfur analyzer was used to
continuocusly monitor ambient SOp levels in the particle sampling
manifold and thereby verify transport of S0 from important
sources to the sampling site. This instrument had been checked
and calibrated by the AIHL staff.

The low-volume sampling probe was fabricated from aluminum pipe
and provided a calculated residence time of about 25 seconds.
This may have caused some loss of S0y. Since accuracy in S0,
monitoring was not considered crucial for the present applica-
tion, the degree of loss was not determined.

Sampling in San Jose

The sampling scheme used in San Jose 1s given in Table 2. The
high-volume samplers on the roof were arranged in a rectangular
array shown in Figure L. Sampling was done in the period
October L4-10, 1975.

In addition to particulate samples, the hourly average air

monitoring and meteorological data were obtained as reported
by the San Jose BAAPCD station during the sampling period.

.12 -
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L. Sampling in Los Alamitos

The sampling equipment was arranged on the roof as shown in

Figure 5. Sampling was done in the period October 28-November 5,
1975, according to the scheme in Table 3. Also obtained were the
available pollutant gas and aerosol data as well as meteorological
data collected during the period by the Southern California Air
Pollution Control District at the Southern Zone's air monitoring
station, one-half mile east of the hangar.

Pollutant Gas Generation and Laboratory Exposure System

Figure 6 shows the system fabricated for generating and exposing

the clean and loaded filters to S0z, NOp, HNO3, NH3 and O3 under a
variety of temperature and humidity conditioms. Tt consists of three
subsections providing clean air, the test gas generation {both
pollutant and humidity) and the filter exposure manifeld. Except

for the air mover, the entire system was housed in a temperature con-
trolled environment. Temperature was controllable to + 1°C in the
range 5-35°C.

Concentrations of all gases as well as relative humidity and tempera-
ture were monitored continuously. In general, temperature and con-
centrations remained within i_lO%, and relative humidity, within

1_3% relative humidity of the intended values. However, for S0, at
0.10 ppm, and HNO3; at 0.2 ppm, the concentration fluctuated within a
range of * 20%. When citing results, it will be noted when these
variables differed by more than the corresponding variations from

the intended levels.

1. Clean Air Production

The clean air section employed ambient air partially dried

(RE < 30%) by the environmental chamber dehumidifier.  Ozone
(produced by passing oxygen over a pencil type mercury lamp) was
added to oxidize any NO to NO, and the O3 level was monitored
continuously. The air was then passed through a series of beds
containing triethanolamine for removing NOp, soda lime for remov-
ing acid gases and mists, activated charcoal for removing ozone
and organic vapors and a molecular sieve bed to remove residual
water. A HEPA filter removed particles released from the chemi-
cal bed. The flow was monitored by measuring the pressure drop
across a sharp-edged orifice plate (made from 4" diameter PVC
pipe union and a melamine sheet) with a 0 to 8" H,0 inclined
manometer (Meriam Instrument Company). The orifice and manometer
were calibrated against a vane anemometer (Taylor Instrument
Company, Serial No. 9378) operating in a 4" duct.

The housing for the chemical purification stages consists of an

airtight box containing four removable trays (A-D) filled with
the absorbents irdicated in Figure 6. Trays A,_B and D are 14 cm

- 15 -
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high square wooden boxes (volume: 38.2 liters) with stainless
steel screens (500 micrometer) enclesing the top and bottom sur-
faces to retain the absorbent. Tray C is a commercial activated
charcoal bed containing 20 kg of charcoal. Tray D, which was
not used in the current program, provides space for a desiccant
fill or other additional absorbent.

The tray dimensions and fill granule sizes were selected to
provide ample absorption capacity and yet offer minimal restric-
tion to flow. With Trays A, B and C filled, the resistance under
the conditions of maximum flow (16 cfm) was about 3.4 inches HyO.
Thus, the flow can easily accommodate the requirements of seven
L7 mm filters at 1.32 cfm each and six 25 mm filters at 0.1 cfm
each, simultaneously. Under these flow conditions and with 0.3
to 0.5 ppm O3 added to the stream, the O3 and S0, values in the
clean air were less than 0.005 ppm while the NO, ranged from
0.02 to 0.06 ppm depending on the ambient N0, levels.

Humidity and Gaseous Pollutant Production

Humidified air was produced by passing a porticn of the clean,
dry air flow over water heated slightly above ambient and re-
combining the wet stream with dry air. The moisture was moni-
tored continuously with a salt-bridge type hygrometer and
recorded on a strip chart recorder.

The humidifier consisted of a horizontal glass cylinder closed
on both ends by *% inch thick aluminum plates. A float valve
maintained a fixed water level and an electric heater element
was used to ralse the water temperature above ambient. The
water temperature was maintained to i.1°c by a thermal sensor
and controller. The heated water was circulated by an external
pump to insure temperature uniformity. The system can produce
humidities in the exposure system between 15 and 100% j_3% RH
at temperatures between 5 to 35°C.

Multiple Port Filter Exposure Manifold

The filter media were evaluated by passing, at specified
temperature and humidity conditions, the various pollutant test
gases simultaneously through 47 and 25 mm diameter sections of
the different filter types. Test gas volumes were determined

by measuring the pollutant gas flow rate through the filters
both at the start and end of each run with calibrated rotameters.
The rotameter calibrations were referenced against a wet test
meter which, in turn, had been referenced against a spirometer.

The temperature conditions were established by adjusting the
exposure manifold environment (chamber) to the temperatures
specified for each test. The temperature of the test gas was
monitored with a thermometer in the gas line.

- 19 -




To study the role of envirommental and sampling media variables
in the collection of sulfate and nitrate requires that each
media type be exposed to the same conditions. The pyrex and
stainless steel exposure manifold, shown in Figure 7. was de-
signed to assure equal treatment of all filters. It is similar
in design to the isokinetic low-volume particle sampling mani-
fold used for field sampling and can accommodate up to seven

LT mm and six 25 mm filters, simultaneously. The design also
provides for isckinetic sampling capability for both size
filters. For continuous monitoring of pollutant gas absorption,
a sampling port was installed in one sampling tube downstream
of the filter holder. This permitted monitoring of the polliutant
gas concentrations before and after the filter.

502, NOp and NH3 Production and Monitoring

The 805, NOp, and NHy pollutant gas concentrations for the filter
exposures were produced by metering (through flow meters) a
10,000 ppm (1% v/v) in nitrogen stock pollutant into the clean
dilution air of the exposure system. The 1% stock gas was pre-
pared by intrcducing appropriate volumes of the respective pure
pollutant gases intoc evacuated high pressure steel cylinders and
pressurizing (usually to 1000 psig) each cylinder with nitrogen.

The gas concentrations produced were monitored with continuous
analyzers connected to strip chart recorders. The monitors are
identified in Table 4. Calibration, measurement principles and
operational aspects are described in Appendix B.

Nitric Acid Production

Anhydrous gaseous nitric acid in nitrogen was prepared from the
anhydrous liquid acid. Preparation of both the ligquid and
dilute gaseous acid are described in Appendix C.

Nitric Acid Monitoring and Analysis

The nitric acid level in the filter exposure system was moni-
tored with a Mast Microcoulomb Meter (Model 724-21) modified as
described by Miller and Spicer tc sense acid gases instead of
oxidants. The required modifications, as shown in Figure 8,
include: 1) use of an iodate-iodide sensing reagent, 2) replace-
ment of Tygon tubing with Teflon tubing, 3) protection of the
reagent from the atmosphere by means of an activated carbon
column to scrub the reagent reservoir replacement air and 4) pro-
visions for alternately passing the sample air either through a
nylon (Duralon) filter which removes nitric acid quantitatively
or directly to the detector where total acid is measured. A two-
cycle timer connected to a three-way solenold valve allows switch-
ing the sample streams. The nitric acid concentration was

- 20 -
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Pollutant

NO,

S0,

Table 4

POLLUTANT ANALYZERS USED IN LABORATCRY
EXPOSURE STUDIES

Analyzer - Model/Manufacturer

TECO Model 1k B NO-NO,-NOy Analyzer
Thermo-Electron Corporation
Waltham, MA

Lear Siegler SM 100 Air Monitoring
System

Lear Siegler, Inc.

Environmental Technolcgy Division

Englewood, CO

Meloy SA 160-2 Sulfur Analyzer
Meloy Laboratories, Inc.
Springfield, VA

Bendix Mcdel 8002 Ozone Analyzer
The Bendix Corporation

Process Instruments Division
Lewisburg, WV

Mast Microcoulomb Meter Model
T24-2L (Modified for Sensing Acids)
Mast Development Co.

Davenport, IA

-22 -
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Principle

Chemiluminescent

Second Derivative
uv

Flame Photometric

Chemiluminescent

Amperometric
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determined by difference. As nitric acid was the only acidic

gas expected Lo be present in the exposure system, the instrument
was operated In the total acid mode with periocdic switching to
the Duralon chiannel to determine the instrument baseline. The
instrument appeared to be unresponsive to trace quantities of

NO, {< 0.1 pr=) present during filter exposures.

Nitric acid concentrations were also monitored by a Teco

(Model 14B) chiemiluminescence NO-NO,-NOy analyzer cperated in
NOx mode (see Appendix B for description). The instrument was
determined to be quantitative for low levels of nitric acid

(< 1 ppm) and was calibrated simultaneously with the modified
Mast meter in the range 0.1 to 1.0 ppm HNO3 (see Appendix D).

As the Teco responded to both O, and HNO3 in this mode, the
analyzer inlet ailr stream was periodically drawn through a
Duralon filter. This permitted establishing the exposure system
NOx level to allow determination of HNO3 by difference,

Nitric acid monitors were calibrated against a reference method
shortly before use. As a reference procedure, 500-1200 ppm
nitric acid in nitrogen were sampled with 0.1N NaOH in a Smith-
Greenburg impinger and the resulting nitrate determined with a
nitrate specific electrode (Orion Model #93-07-01). The calibra-
tion gas was then fed into a dynamic dilution system where vary-
ing gquantities of dry nitrogen were added to achieve accurately
known concentrations in the range 0.1 to 1.0 ppm. A more de-
tailed description of the instrument calibration is included in
Appendix D.

Accuracy and precision of the nitrate specific electrode tech-
nique were assessed by means of standard solutions run as
unknowns by the analyst. These solutions were prepared in 0.1N
NaOH as used in sampling HNO3. As long as the sodium and phos-
phate electrolyte concentrations of the sample and the outer
chamber filling solution of the electrode were identical nitrate
recovery by this method was found to be 97.5 i_l.O%. The pro-
tocol adopted {as presented in Appendix E) was designed to
achieve this accuracy with standards.

Chemical Analytical Methods

Filter pH

24
The protocol is that specified by the EPA which states:

"Prepare a 0.05 M KC1 solution using CO,-free water. The pH
of this solution should be 7.0 + .3. Cut a nine square inch
(58 cm?) section of a glass fiber filter with a pizza cutter.
Place the filter in a 125 ml Erlenmeyer flask, Add 15 ml of

- 24 -
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0.05 M KC1 and stopper the flask. Stir with a magnetic stirrer
for 10 minutes at 60 RPM Determine the pH of the extract."

With 47 mm filters. this protocol was modified slightly by ex-
tracting four filters simultaneously with total area of 10.8 in2,

Water Extraction of Atmospheric Samples

Samples collected on 8 x 10" filters were extracted by reflux-
ing in water for 90 minutes followed by filtration through pre-
washed Whatman 41 filters. Particulate samples on 47 mm filters
were extracted by static immersion in 5 ml Hy0 at 80°C.15-16 1Ip
both cases, aliguots were removed and stcred at -20°C for nitrate
analyses.

Sulfate

Sulfate from atmospheric samples was analyzed by two technigues,
the semi-automated Brosset procedure® and the AIHL microsulfate
method.!® The Brosset technique includes removal of cationic
interferents while the AIHL method, as used here, does not. It
was intended that all field samples be analyzed for sulfate by
the Brosset procedure. Following sulfate analysis of the hi-vol
filter samples, it became evident that the low-volume filters
could contain insufficient sulfate for reliable analysis by the
Brosset procedure. Accordingly, the low-volume samples were
analyzed by the ATHL microchemical method following a protocol
which had been extensively evaluated under an EPA sponsored study.

A compariscon of results from these two technigues and the Dicnex
ion chromatograph is given in Table 5. On average, results by
the Brosset method are 9% higher than by Dionex procedure while
the ATHL method results are, on average, 10% lower than by
Dionex. Using EPA sulfate audit strips, (i.e., glass fiber
filter strips spiked with KZSOQ) the mean sulfate recovery by

the Brosset technique was 104% compared to 96% for the AIHL
technique. However, with the present atmospheric samples a

clear indication of negative interference from cations in the
sample (probably calcium) was obtained: re-analysis of each of
the 16 extracts by the ATHL technique after ion-exchange
treatment showed an increased result in every case. Overall
results by the AIHL technique with ion exchange were not signifi-
cantly different frem those by the Dionex procedure. Regrettably,
this modification of the ATHL method to permit ion exchange with
small extract volumes was not available when the low-volume
samples from the present study were being analyzed.

Since compariscon of low-volume and high-volume atmospheric re-
sults is an important part of this work, the low-volume atmos-
pheric sulfate data (by the AIHL method without ion exchange)
wag adjusted to correspond to those by the Brosset procedure
based upon a regression line given in Figure 9.
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Table 5

INTERMETHCOD COMPARISON OF SULFATE METHODSa
(mg/ml sulfate)

ATHL
Dionex Ion | With Ton No Ion
Sample Chromatograph Brosset Exchangec Exchange
1 27.7 28.4 29.7 21.0
2 30.4 33.4 31.2 25.6
3 51.3 51.7 49.6 Le.L
4 57.3 61.3 48.0 42.8
5 52.9 52.4 51.6 45.1
6 7.9 50.5 148.6 N
7 46.0 48.4 ho.1 43.0
8 36.6 97.7 88.5 8e.6
9 103.4 100.5 99.1 86.5
10 70.0 69.1 68.2 58.7
11 49.6 49.3 50.5 hi.s5
12 41.8 48.8 3.3 38.0
13 35.9 29.8 38.1 31.7
14 90.7 112.8 89.6 8Lk.5
15 54.0 71.1 - 54.6 bho.h
16 88.5 106.5 90.6 86.5
Ratio of
Means : 1.00 1.09 1.01 . 0.90

a. Samples used are 24-hour hi-volume samples collected on Gelman A glass
fiber filters on different days in San Jose and Los Alamitos, California.

b. Model 10.

2. Both samples and standards treated with ion exchange resin.

- 26 -
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For characterization of blank filters, all analyses employed the
Brosset procedure.

Nitrate

Analyses were done within one week of the extraction using the
Cu-Cd reduction (to nitrite) diazotization method automated for
the Technicon Autoanalyzer II (Technicon Industrial Method 100-
TOW). The precision of the method, expressed as a mean coeffi-
cient of variation for 25 samples analyzed with two determinations
was 1.7%. No difference in precision between hi-vol and low-vol
samples was seen.

Results for Technicon nitrate analysis of 16 hi-vol extracts,
including samples from nearly all episodes at San Jose and

Los Alamitos are compared to those for the Dionex ion chromato-
graph in Table 6. The ratio of means for the two techniques

was 1.00 indicating, on average, excellent agreement. Inspection
of individual pairs indicate differences up to 12%, however.

Nitrite

Nitrite was determined by the nitrate procedure omitting the
Cu-Cd reducticn step. To establish the accuracy of this pro-
cedure relative to that for nitrate, a solution ceontaining

Y ug/ml W03~ and 4 ug/ml NOp” {calculated as NO3 ) was analyzed
with and without Cu-Cd reduction. Without Cu-Cd reduction, the
observed signal should be one-half that found with Cu-Cd reduc-
tion. The observed instrument response without Cu-Cd reduction
was 537 of that otserved with Cu-Cd reduction. Furthermore, the
response for the above solution with Cu-Cd reduction differed
by 0.1% from that obtained with 8 ug/mi NO3~ (also with Cu-Cd
reduction).

Silicate

The procedure used is based on the determination of silicates
reactive with molybdic acid and is given in Appendix F.
Phosphate

Phosphate was measured by a modified molybdenum blue procedure
given in Appendix G.

Sulfite

Sulfite was determined by the Weste-Gaeke procedure modified
for determination of filter samples as given in Appendix H.
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Table 6

INTERMETHOD COMPARTISCN OF NITRATE DETERMINATICNS

Sample ID
SAOOCOLAT
SBOO1OAT
SCOO11AT

SDOO12AT .

SEOQOL3AT
SFOO02AT
TAOO23AT
LBOOZ2OAT
ICO030AT
IDOO31AT
LEOO32AT
IGOOLOAT
LHOO38AT
IBO1L1ST
SDO165ST
LBO1LkosT

Ratio of Means:

USING 2L-HOUR HI-VOL EXTRACTS (ug/ml)

Dionex

78.09
59.15
179.22
120.50

- 156.57

88.35
63.76
117.00
320.00
176.42
106.16
43.39
3k ok
145.52
128.61
150.42

1.00
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Technicon

80.2
50.0
185.5
123.7
137.5
91.3
67.2
121.3
330.3
183.3
107.8
38.1
29.4
143.8
130.2
152.7

1.00




9. Calcium and Barium

R These were determined by atomic absorption.
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Iv.

Characterization of Filter Medisa

A,

Introduction

The seven filter media were characterized for the following: filtra—
tion efficiency, total carbon and extractable carbon contents (glass
fiber only), metals by a-induced x-ray fluorescence analysis (g-XRFA)
and water extractable ions. The latter included pH, nitrate, sulfate,
silica, phosphate, calcium and barium.

Filtration efficiency is of concern for both sulfate and nitrate
aerosols because of their typically small particle size. For sul-
fate, mass median diameters (mmd) in the range 0.2 to 0.5 ym are
usually observed while for nitrate, mmd values from 0.3 to 1.7 pm
have been reported.l? In addition, filters for monitoring sulfate
and nitrate may also be analyzed for other aerosol constituents
existing in principally submicron particle sizes such as lead and
carbonaceous material.

The basicity of filters as measured by pH, was determined since it
appears to be one of the most important factors controlling the
collection of the acidic gases considered in this study.

The concentrations of siiica, phosphate, calecium and barium were
determined since these may serve as analytical interferents in the
determination of sulfate by wet chemical methods.

Filtration Efficiency Studies

Filtration efficiencies for initislly clean filters were determined
for room air dust using an Environment One condensation nuclei
counter (CNC). The experimental design, detailed in Appendix T,
involved sampling pressurized room air so that the air downstream
of the filter could be at atmospheric pressure for more reliable
CNC performance.

Results obtained are summarized in Table 7. The initial design for
field sampling anticipated a flow rate of 3.0 cfm with 47 mm filters.
This was later reduced to 0.6 cfm (face velocity 19.4% cm/sec). The
filtration efficiencies for the filters studied were determined at

1.0 and 3.0 cfm except for Fluoropore which was measured in the range

0.1-3.0 cfm. With 47 mm filters, a flow rate of 1.32 cfm provides
a face velocity equivalent to that for an 8 x 10" filter at 40 cfm
(L7 cm/sec). Excepting Whatman 41, the filtration efficiencies were
> 99 at all flow rates.

3
The previous studiesl indicated filtration efficiencies > 99% in the
face velocity range 0.3 to ca. 100 cm/sec for Gelman A, MSA 1106BH
and a 5 um pore size cellulose ester filter similar to the Gelman
GA-1 filter. Thus, the lack of a measurement of filtration effi-
ciency at 0.6 cfm is not considered significant.

The results given here for Fluorbpore filters are similar to those

of B.Y.H. Liu and co-workers!'* which indicated > 99.99% efficiency
for monodisperse particles in the range 0.03 to 1 um.
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Table T

MEASURED FILTRATION EFFICIENCIES

Percent Filtration

Flowrate Number of Efficiency for
Filter Type cfm¥* Filters Tested Room Air Dust*¥
Fluoropore 0.25, 0.38, 0.66 1 > 99.9
1 um pore 1.0 6 > 99.9
3.0 6 > 99.9
Gelman GA-1 1.0 5 > 99.1
5 um pore 3.0 5 > 99.0
Whatman 41 1.0 6 3
3.0 6 83
Gelman Spectrograde 1.0 6 > 99.8
3.0 6 > 99.8
Gelman A 1 6 > 99.9
Glass Fiber 2.5 6 > 99.9
MSA 1106BH 1.0 6 > 99.2
Glass Fiber 2.5 6 > 99.1
Gelman EPA Grade 1.0 6 > 99.8
2.5 6 > 99.8

¥Using L7 mm filters. A flow rate of 3.2 cfm provides a face velocity
equivalent to that of a high-volume sampler at 40 cfm using an 8 x 10"
filter.

¥¥Made with an Enviromnment I condensation nuclei counter.
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Water Extractable Ions

The pH and extractable ion concentrations for the seven filter types
are summarized in Table 8. BResults are shown as ug per filter for
the filter size normally employed. Thus, the results for the glass
and cellulose filters are per 8 x 10" sheet while for the cellulose
ester and Teflon membrane filters, they are per L7 mm disc.

Whatman 41, Fluoropore, Gelman GA-1 and Gelman Spectrograde all
exhibited somewhat acidic pH values. Both MSA 1106BH and the EPA
Grade filter exhibited pH values of about 9 which is considered
typical for glass fiber filters. Gelman A appears unigue in pro-
viding a nearly neutral pH without reported use of a surface
coating as with Spectrograde. The wetting properties of Gelman A
are consistent with the absence of a hydrophobic surface coating.

The nitrate blank values are relatively low in all cases. Only

with low volume samples collected on Gelman GA-1 does the nitrate

value become significant. In contrast to other filter types,
Gelman GA-1 filters from three batches were used in this study as
detailed in footnote d. Batch A was used for all field samples
and some labordtory exposures. Batches B and C were used for the
remaining laboratory exposures. The batch-to-batch variability
of the nitrate blank was guite large probably reflecting the fact
that cellulose nitrate is a constituent of these filters.

The EPA Grade filter is notable for its low sulfate blank and high
phosphate level reflecting the use of phosphoric acid rather than
sulfuric acid during manufacture. A high phosphate blank raises
some concern about interference in sulfate determinations by the
automated methylthymol blue method (MTB). However, filter blank
corrections probably eliminate this potential error.

Relatively high silica levels are extractable from the glass fiber
filters. For MSA filters, extraction of one-fourth of an 8 x 10"
filter into 100 ml water, as used in sulfate analysis by AIHL
Method 61, would yield about 450 ug/ml silica (as Si0y). Such con-
centrations would cause positive errors in sulfate measurement by
the MTB method. Again, filter blank correction may eliminate this.

Carbon Content

The carbon content of the glass fiber filters is reported in Table 9
as mean results for six filters. Spectrograde exhibited the highest
and most variable blank probably reflecting the dimethylsilicone
surface coating. Comparing benzene extractable carbon results, ex-
cept for Spectrograde, 2ll filters were equivalent. Gelman A and
EPA Grade exhibited substantially lower soluble polar organic carbon
relative to MSA and Spectrograde as measured by methanol-chloroform
extraction.
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Table 9

CARBON BIANKS FOR GLASS FIBER FILTERS®™
(ugC/8 x 10" filter)

Benzene Methanol-Chlorofiorm
Filter Total C Extractable C Extractable C°
Gelman A 510 + 150 223 + 22 131 + 29
EPA Grade 1123 + 332 217 + 25 128 + L2
MSA 1106BH 1857 + 220 236 + 33 - 887 + 23
Gelman Spectrograde 3812 + 981 590 + 277 693 + 171

a. Mean of six trials +1C

b. Following benzene extraction.
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Batch-to-Bateh Variations

The filter media used in this study are identified by batch or lot
number in Table 10. In only one case, Gelman GA-]l, was more than
one batch used.

It may be inferred from results reported elsewhere together with
those in Table 9 that the pH of the filter sold as "Gelman A" can
vary widely. Values reported for this filter include from the
present work 7.6, compared to 8.8 by Witz and MacPheel® ana 9.9 by
Pierson, et al. While differences in pH measuring technigques may
account for some of these variations, the major portion probably
reflects batch-to-batch differences.
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Table 10

BATCH NUMBERS FOR FILTER MEDIA EVALUATED

Filter Batch or Lot No.

Fluoropore, FALP 5
Gelman GA-1 814412 >4

" 80k4500°

" 8oks1¢
Whatman L1 1576/0k
Gelman Spectrograde 8192
Gelman A 8222
MSA 1106BH J2897
Gelman EPA Grade 8233

a. NO3™ blank 5.7 + 1.7 ug/L7 mm filter.
b. NO3™ blank 31.0 + 5.1 ug/L7 mm filter.
c. NO3~ blank 45.3 + 2.4 ug/L7 mm filter.

d. The batch used in field sampling and about half
of the exposure studies.
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V.

Filter Media Comparisons with Atmospheric Samples

A. Description of Days Sampled

1.

San Jose

In general, the concentrations of CO, czone, NO, and partisulate
matter (COH units) veaked in the afternoons, whereas hydrocarbons
and NOy peaks occurred in the mornings. The AIHL Meloy S0»
analyzer registered baseline values (i.e., < 10 ppb) throughout
the sampling period. The maximum daytime temperatures were
generally in the eighties and nineties (°F), with high fog

during the early morning hours. The maximum hourly average pol-
lutant concentrations and the meteorological extremes for the
days sampled are given in Table 11.

Los Alamitos

Table 12 shows the one-hour average maximum oxidant and S0, and
meteorclogical extremes reported by the SCAPCD. The prollution
levels were generally moderate (max. oxidant = 0.15 prm; SOs=
0.14 ppm) and the weather warm (max. temperatures 83-96°F) with
winds generally from the north and east during the nighttime
and early morning hours, and from the south and west during the
afterncon hours. By contrast, the peak hourly average SO, con-
centrations, shown in Figures 10 and 11, recorded by the AIHL
Meloy S0, analyzer monitoring on the hangar roof indicated peak
hourly average concentrations as high as 0.50 prrm. The peaks,
moreover, all occurred between 1200 and 1600 hour when the
winds were predominantly from the direction of the Los Alamitos
Power Plant (west). The levels during other hours were at or
near background. These differences are consistent with the
Southern Zone's past experiences when the District had an S0
monitor at this location and are consistent with the signifi-
cance of a local SO, source.

B. Sulfate Results

1.

Comparisons Based on Mean Results

Table 13 summarizes the 24-hour hi-vol and low-volume results
for sulfate. In the cases where two values are shown, these
represent results for two samplers operated with the same filter
medium. From these data we calculate the following:

a. The precision of hi-vol sampling for sulfate was 11.5 i_Q.T%,
as measured by the mean coefficient of variation for twelve
paired samples collected side-by-side on different samplers
but with the same filter type.
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Table 11

A,
Pollutant Maeximums~ and Meteorological Conditions
During Sampling at San Jose

October L - 11, 1976

10/4-5 10/5-6 10/6-7 10/7-8 10/8-9 10/9-10

Pollutant/Episode (&) (B (S) (D) (E) (E)
€O, pphm 1 12 8 7 10 2
0x, pphm 10 9 16 10 16 L
NO2, pphm 17 13 17 13 12 6
NOy> pphm 30 25 24 23 22 L
HC, pphm 5 L 3 6 2 4
COH, units R 15 13 1k 15 3
Ma.:é RH, % 81 86 79 96 ol ol
Min RH, % Lo 36 L7 Lo 55 53
Max Temp, °F 86 ol 8l 90 86 76
Min Temp, °F 52 57 59 56 58 56
Wind, mph y 3 3 3 2 L

ﬁhourly average
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Table 12

Pollutant Maximums and Meteorological Conditions During
Sampling at Los Alamitos?@

October 28 - November 5, 1976

Oct QOct Oct  QOct 31- Nov Nov Nov
28-29 29-30 30-31 Nov 1 1-2 2-3 3-L

Pollutant/Episode (4) (B) (9 (D) (E) (E) (&)
0x, pphm 5 9 16 11 7 13 L
SOz, pphm 3 10 14 6 8 9 9
Max RH, % 65 97 90 85 65 63 59
Min RH, % L3 50 34 29 29 35 28
Max Temp, °F gl 83 83 89 . 9h % 9k
Min Temp, °F 60 57 58 L7 54 60 59

Wind, mph L 2 3 2 3 3 3

aOne—hour average data.
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Table 13

Suifate Results from 24-Hour Samples (ug/m3)®

SAN JOSE
High-Volume Semples Low-Volume Samples
Date Gelman MSA Whatman Spectro- Gelman MSA Spectro- Fluoro- Gelman
(BPLSODE) A 1106BH 41 grade A 110688 grade pore GA-1
oot b5 2.¢° 2.5° 4.6° 2.2
(A) 3.lb
et 5-6 3.5° 1.7° %.8° 2.3
(8) 3.4°
Oct 6-7 5.3° 5.7° 6.0 10.7
(c) 5.3°
et 7-8 6.5° 7.8° 8.0° 6.4
() 8.0°
Oct 89 5.5 5.00°8 6.3° 9.9
() 7.5°
Oct 9-10 6.6° 8.0° 6.1
(F)
105 ALAMITOS
Oct 28-29 5.0 4.1" 7.3b k.6
() 5.7°
Oct 29-30 10.9 10.7° 13.2° 11.3
(3) 12.0°
Oct 30-31 11.6 11.3° 13.7° 7.6
() 13.2°
Oct 31-Nov 1 8.7° 12.1° 10.9° 9.9
(0) 16.1°
Nov 1-2 5.8° 6.1° 8.2 10.8
(E) 8.1°
Nov 2-3 g.95sh 1.2° 10.0° 5.6
(¥) 9.7°
Nov 3~4 5.2b 7.9 6.6 3.7
(G)
Nov 4-5 4.5° 2.6° 5.3° 2.7
(®) 2.8°

a, Two values lndicate results from separate samplers.

b. Mean of two determinations on the same sample.

¢, Shown relative to Gelman A Hi-Vol amd, in second line, relative to Fluoropore (Low-vol).

d. Average of 3 determinatlons on the sample.

e. Average of 5 determinations on the sample.

f. Average of 4 determipations on the sample.

g. BExcept as noted, the high-volume samples were analyzed by the Brosset technique.and the low-volume samples by the

ATHL microsulfate method. The latter values are here corrected to the expected Brosset values using the equatlon
Broaset = 1.22 -(AIHL)

+ 0.0515, ¢ = 0.976.

. This sample was analyzed by the AIHL method and corrected as given in footnote g.
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b. In the four cases in which 2k-hour hi-vol as well as low-
volume results are avallable for the same filter type rum
simultaneously (Gelman A, Gelman Spectrograde twice each),
low-volume filter results were higher by 6 and 38% for
Felman A and Spectrograde, respectively.

The sulfate results for 6-hour hi-vol and low-volume samples are
given in Tables 14 and 15 with separate results listed for
respirable and total low-volume sarmples. The results on the
different filters are compared in Table 16 as ratios of arithmetic
means * 1lo. From these results and comparisons we note:

a. Based on 2k-hour values, the observed sulfate values follow
the order, decreasing from top to bottom:

MSA 1106RBH (lo-vol)
Spectrograde (lo-vol)
Spectrograde (hi-vol)
MSA 1106BH (hi-vol)
Gelman A (lo-vol)
Gelman A (hi-vol)
Whatman L1 (hi-vol)
Gelman GA-1 (lo-vol)
Fluoropore (lo-vol)

The ratio ol means for 6-hour results on Gelman A (hi-vol),
Spectrograde (lo-vol), Gelman GA-1 and Fluoropore (lo-vol)
are quite similar to those for 2h-hour samples.

b. The Spectrograde hi-vol, with a relatively low pH, exhibited
sulfate levels nearly equal to the MSA hi-vol filter. If the
Fluoropore {low-volume) results are accepted as a true measure
of the particulate sulfate level then, on average, artifact
sulfate represent about a 70% or 3 ug/m3 positive error on
these filters for the days sampled.

The mean fraction of sulfate in the respirable size range, as
obtained with 6-hour low-volume samples, is given in Table 17.

If nearly all sulfate resulted from interaction of S0, with the
filters then the observed fraction of respirable sulfate would
be expected to approach unity, since both respirable and total
filters receive the same exposure to SO0,. In the case where both
particulate sulfate and artifact sulfate occur, the filters pro-
viding the least artifact sulfate would be expected to yield the
lowest value for the fraction of respirable sulfate. Consistent
with this, Fluoropore, which yielded the lowest observed sulfate,
shows the lowest respirable fraction. Surprisingly, the highest
ratios are observed for Gelman GA-1 and Gelman A which, as noted
above, gave other evidence of relatively low levels of artifact
sulfate.
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Table 16

COMPARISON OF SULFATE RESULTS CN DIFFERENT FILTER MEDIA

Sample/Reference

Gelman A, Hi-vol
MSA 1106BH, Hi-vol
Whatman 41, Hi-vol
Spectrograde, Hi-vol
Gelman A, Lo-vol
MSA 1106BH, Lo-vcl
Spectrograde, Lo-vol
Gelman GA-1, Lo-vecl

Fluoropore, Lo-vol

Gelman

1.21 +

0.95 + .
1.2h + .

lao'? i

2.27 + .

1.83

-+

.91

I+

0.72

1+

a. Number of filter pairs

2L-Hour Results

Ratio of Means

A

-
N

6~Hour Results

Fluoropore N Gelman A Fluoropore
1.39 1.00 .
1.68 6
1.32 7
1.72 i
1.hk9 2
3.15 2
2.54 2 1.60 + .21 2.25
1.26 L 0.98 + .10 1.38
1.00 L 0.71 + .10 1.00

~,h7,_.
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Table 17

RESPIRABLE SULFATE AS A FRACTION OF TOTAL PARTICULATE
SULFATE IN 6-HOUR LOW-VOL FILTER SAMPLES

Respirable/Total Sulfate

Filter (Mean Ratios + 1 0O) I
Fluoropore 0.82 + .03 16
Spectrograde 0.93 + .06 5
MSA 1106BH 0.86 + .03 8
Gelman GA-1 1.00 + .03 16
Gelman A 1.08 + .03 8

a. Number of pairs
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samples to thosie observed directly are given in Table 18. If
artifact sulfate results from collection of an acidic gas (S0,)
on a limited number of alkaline sites on a filter, then these
ratios should Zncrease for filters producing higher artifact
sulfate levels. This follows since in 2h_hour sampling, such
alkaline sites might easily be saturated after a few hours de-
pending on ambi=nt conditions. Following saturation, sulfate
would be collected with relatively little, if any, artifactual
sulfate. The —bserved ratios follow the order: Whatman 41 <
Fluoropore = G=iman GA-1 = Spectrograde = Gelman A < MSA. This
order differs =omewhat from that given above based on side-by-
side compariscms. However, in both cases, MSA indicates the
highest level o=f artifact sulfate.

For 14 samplins periods, the mean 2L-hour average sulfate on
Gelman A hi-voi filters was 6.5 ug/m3. For four days on which
both Fluorcpore and Gelman A filters were run, the mean ratio of
results Flucrowore/Gelman A of 0.72 correspondsto a difference
of 1.6 nug/m3. The hi-vol filter samples exhibited sulfate
levels ranging Trom 30 to 70% higher than on Fluoropore. In
the worst case {Spectrograde hi-vol), the mean difference be-
tween Spectrograde and Fluoropore correspended to 3.1 ug/m3
sulfate. These differences are interpreted to indicate the
relative degre= of artifact sulfate formation. The cellulose
acetate membrame filter, Gelman GA-l, while better than any of
the glass fiber hi-vol filters, is calculated to exhibit sig-
nificantly higlwer sulfate values compared to Fluoropore and
appeared to distort substantially the apparent fraction of
respirable sulTate.

2. The Efficiency of Conversion of S0, to Sulfate on 24-Hour
Ambient Filter Bamples

At San Jose, tiz 80y concentrations were below the 1limit of de-
tection for the Meloy total sulfur analyzer (ca. T ppb or 18
ug/m3). The BEAPCD obtains 2lh-hour bubbler samples (West-Gaeke)
at six-day int=rvals. For the sampling dates September 26
October 2, 8 axmd 14, the mean 2hk-hour S0, value was L ug/m§.19

Assuming this mean value is relevant to the days sampled in

the current stumdy, the 100% conversion of 4 ug/m3 S0, on a fil-
ter would yiell 6 ug/m3 artifact sulfate. BSulfate results on
Fluoropore may be used to approximate artifact-free sulfate
values.* As noted above, for four days of sampling, Gelman A
and Spectrograse 2hk-hour hi-vol filters exhibited, on average,
1.6 and 3.1 pgﬁm3 higher sulfate values, respectively, compared
to Fluoropore. This suggests 27-52% conversion of the assumed
S02 level, I pgz/m3. '

¥Assuming artifact sulfate formation due to SO,-particulate interactions
is negligible.
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Table 18

COMPARISON OF CALCULATED AND‘OBSERVEDb

24-HOUR SULFATE VALUES

. Calculated/Observed o
Filter Ratio of Means N
Gelman A 1.21 + .09 10
MSA 1106BH 1.85 + .16 L
Spectrograde 1.20 + .16 1
Whatman L1 1.00 + .07 2
Gelman GA-1 1.20 + .20 L

Fluoropore 1.11 + .07 L

Calculated as arithmetic mean atmospheric concentrations
fram four successive 6-hour samples for Hi-vol and Low-
vol (total) filter samples.

The sulfate concentration from a filter run continuously
for 24 hours.

Number of filter pairs.
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3. Comparisons Based on Diurnal Variations for Sulfate and
Pollutant Gases ’

As an additional means of evaluating the results, the 6-hour
average sulfate data were plotted together with 802 concentra-
tions, when the latter were above the detection limit. Figures
12-17 include results for San Jose, and Figures 18-25, for

Los Alamitos. The low-volume results show both total and respir-
able sulfate values.

Diurnal variations for sulfate on different filters will be in-
fluenced by the magnitude of the artifact sulfate during each
sampling period. This, in turn, will be influenced by such
variables as 50, concentration and relative humidity (cf. below).
Thus, filters differing greatly in potential for artifact sulfate
formation might yield significantly different diurnal patterns
for sulfate. Filters prediected to produce similar amounts of
artifact sulfate should always yield similar diurnal patterns

for sulfate.¥

—

In the present study., distinctly different diurnal patterns were
observed in only two cases, involving MSA (lo-vol)-Whatman 41
(hi-vol) and Gelmen A (lo-vol)-MSA (hi-vol) in Los Alamitos
Episodes C and D (Figures 20 and 21). Results in Table 16 sug-
gest relatively large differences in the degree of artifact
sulfate observed on MSA and Whatman 41 filters in 2Lk-hour samples.
However, for Gelman A and MSA the difference suggested in 2L-hour

{ artifact sulfate in Table 16 is relatively small. Thus, relative

¢ results with 2h-hour samples cannot be used as a reliable pre-

dictor of the degree of similarity in diurnal vpatterns for sul-
fate with different filters.

The Los Alamitos sulfate results can be directly compared to SOp
data since, at least in the afternoons, the S0, levels were
measurable with & Meloy unit. The diurnal maximum in SO, paral-
lels sulfate maxima in most cases, even when Fluoropore Tfilters
are used. Notable exceptions are for the MSA (hi-vol) in
Episode D and Whatman 41 (hi-vol) in Episode C.  Thus, in
general, similarity in diurnal patterns between S0; and sulfate
probably reflect variations in atmospheric concentrations of
these species rather than implying the significance of artifact
sulfate.

C. Nitrate Results

1. ComparisonsBased on Mean Results

Table 19 summarizes the 24-hour hi-vol and low-volume results
for nitrate. In the cases where two values are shown, these

7 *¥Fven filters differing in filtration efficiency would produce similar diurnal
: patterns if a constant fraction of sulfate was collected.
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Figure 12

DIURNAL VARIATIONS FOR SULFATE AT SAN JOSE
EPISODE A (OCTOBER 4-5, 1976)
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Figure 13

DIURNAL VARTIATIONS FOR SULFATE AT SAN JOSE
LPISODE B (OCTOBER 5-6, 1976)
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Figure 14

DIURNAL VARIATIONS FOR SULFATE AT SAN JOSE
EPISODE C (OCTOBER 6~7, 1976)
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Figure 15

DIURNAL VARIATIONS FOR SULFATE AT SAN JOSE
EPISODE D (OCTOBER 7-8, 1976)
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Figure 16

DIURNAL VARIATIONS FOR SULFATE AT SAN JOSE
EPISODE E (OCTOBER 8-9, 1976)
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Figure 17

DIURNAL VARIATIONS FOR SULFATE AT SAN JOSE
EPISODE F (OCTOBER 9-10, 1976)
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Figure 18

DIURNAL VARIATIONS FOR SULFATE
LOS ALAMITOS, EPISODE A, OCTOBER 28-29, 1976
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Figure 19

DIURNAL VARIATIONS FOR SULFATE
LOS ‘ALAMITOS, EPISODE B, OCTOBER 29-30, 1976
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Figure 20

DIURNAL VARIATIONS FOR SULFATE
LOS ALAMITOS, EPISODE C, OCTOBER 30-31, 1976
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Figure 21

DIURNAL VARYTATIONS FOR SULFATE

LOS ALAMITOS, EPISODE D, OCTOBER 31-NOVEMBER 1, 1976
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Figure 22

DIURNAL VARIATIONS FOR SULFATE
LOS ALAMITOS, EPISODE E, NOVEMBER 1-2, 1976
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Figure 23

DIURNAL VARIATIONS FOR SULFATE
LOS ALAMITOS, EPISODE F, NOVEMBER 2-3, 1976
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Figure 2b

DIURNAL VARTATIONS FOR SULFATE
LOS ALAMITOS, EPISODE G, NOVEMBER 3-4, 1976
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Figure 25

DIURNAL VARTATIONS FOR SULFATE
LOS ALAMITOS, EPISODE H, NOVEMBER 4-5, 1976
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TABLE t9

NIYRATE RESULTS FROM 24-HOUR SAMPLES (ig/m°)

SAN JOSE
High-Velume Samples Iow-Volume Semples
Date Gelman ¥SA Whatman Spectro- Gelman . MSA Spectro- Fluoro-
_{EPigmOE) A 11075 41 srade A 110684 grade pcre
Oct L-5 9.9% i2.4 16.5 . 7.3
a) 1.1
Det 5-6 £.3 12.3° 13.7
(B) 10.6
Oct 6=7 22.0 15.9 25.0 27.2
(c) 25.5
oct 7-8 k4.5 15.6 15.0 1L.8
(D) 15.5 .
oct 8-9 15.7% 21.3 22.6 21.2°
(&) 21.2
5 b
Oct 9-10 10.6 1.1 12.1
{7
LOS AIAMITCS
Oct 28-29 7.8, 7.6 10.5 3.5
(a7 7.6 '
Oct 20-20 .1 1%.5 17.2P
6:) 17.5
Oct 30-31 39.0 k.7 L3.5 6.6
) Li.7
T Get 3l-Nevl | 24.8 25.8 27.8 2k 2P
(D) 28.2
- b b N
Nov 1-2 13.9 18.1 20.5 20.2
{E) 13.3
Nov 2.3 10.79 | 17.50 13.4° 5.1
oy 3=k 4.7 10.2 8.7 3.5
(G)
Mo et 4.3 6.5 8.0P
() 3.5
a. Two values iniicate resulis Trom separeste samplers.

b. Mean of twe determinaticons con the same sample,
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represent results for two samplers operated w1th the same
filter medium. From these data we calculate the follow1ng:

a. The precision of hi-vol sampling for nitrate was 8.6%,
as measured by the mean coefficient of variaticn for
twelve paired samples c-llected side-by-side on iiffer-
ent samplers but with the same filter type. The noorest
precision was observed for Whatman 41 which, 2% times,
exhibited large flow changes with increased loading.*
This poor precision resulted, in part, from the uncer-
tainty in using the average of initial and final flow
rates and from the imprecision of final flowmeter
readings < 20 cfm.

b. In the four cases in which 2k-hour hi-vol as well as low-
volume results are available for the same filter type run
simultaneously (Gelman A, Celman Spectrograde twice each),
the results agree within L3%.

¢. Comparing hi-volume filter samples, the nitrate results
follow the order Gelman A < Whatman 41 < MSA 1106BH =
Gelman Spectrograde.

d. Fluorcpore (low-volume) results for nitrate are, on
average, almost half of those obtained on Gelman A.

The nitrate results for 6-hour hi-vol and low-volume samplies
are given in Tables 20 and 21, with separate results listed
for respirable and total low-volume samples. The results on
the different filters are compared in Table 22. From these

results and comparisons we note the following:

a. In spite of its lower initial filtration efficiency,
observed nitrate levels on Whatman 41 were invariably
greater than on some of the glass fiber filters.
Accordingly, particle collection efficiency effects are
not the dominant factor in controlling observed nitrate
levels.,

b. Both with 6- and 2k-hour samples, Fluoropore low-vol
nitrate results are about half of those with Gelman A
hi-vol filter samples.

*¥The samplers available for this study were not equipped with constant
flow controllers.
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Table 22

COMPARISON OF NITRATE RESULTS ON DIFFERENT FILTER MEDIA .

Sample /Reference

Gelman A, Hi-Vol
MSA 1106BH, Hi-Vol
Whatman 41, Hi-Vol
Spectrdgrade, Hi-Vol
Gelman A, Lo—Volb
MSA 1106BH, Lo-VolP
Spectrograde, Lo-—Volb

Gelman GA-1, LouVolb

Fluoropore, Lo-—Volb

24h.Hour Results

Ratio of Means

Gelman A Fluoropore Ei
1.00 1.67

1.29 + .1k 2.15 6
1.1k + .06 1.90 8
1.27 + .06 2.12 14
0.99 + .02 1.65 2
1.44% + .15 2.%0 2
1.39 + .05 2.32 2
1.29 + .21 2.15 L
0.60 + .06 1.00 L

a. Number of filter pairs.

b. Total filter samples.

- 70 -

6-Hour Results

Gelman A Fluoropore &i
1.00 2.00
1.01 + .06 2.02 8
1.00 + .07 2.00 8
0.50 + .04 1.00 )
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Spectrograde low-vol (total filter) results for 6 hours are

about equal, on average, to Gelman A hi-vol results. However,
with 2k-hour samples Spectrograde yielded substantially
higher values. Spectrograde low-vol results, relative to
Fluoropore low-vol, are about equal for 6-hour and 2i-hour
samples. Since minimal artifact nitrate formation is likely
for Fluoropore, these results imply that the level of arti-
fact nitrate formation on 6-hour Gelman A filters is some-
what greater than on 2bh-hour Gelman A filters.

The mean fraction of nitrate in the respirable size range,
as obtained with 6-hour low-volume samples is summarized

in Table 23. If nearly all observed nitrate resulted from
artifact formation by interaction of the filter with HNOs
or NO; (which would not be influenced by a cyclone), then
the observed fraction of respirable nitrate would always

be about 1.0. Filters providing the least artifact nitrate
would be expected to show the lowest value for the fraction
of respirable nitrate.

The results indicate about equal values for Fluoropore and
Spectrograde filters. MSA 1106BH and Gelman A results are
aiso about equal but somewhat higher than for Fluoropore

and Spectrograde. The results for Fluoropore are consistent
with findings in the preceding tables which indicated that
Fluoropore invariably vielded lower nitrate values. How-
ever, the resuits with Spectrograde appear ancmalous con-—
sidering the relatively high nitrate yields found from this
filter. The variability in this ratio is especialiy large,
however.

The ratios of observed 24-hour values to those calculated
from four 6-hour values is given in Table 24. In contrast

- to expectations, results for Spectrograde, Whatman L1,

Fluoropore and MSA are similar and close to 1.0. Since
artifact nitrate may involve interaction between a limited
number of basic sites on a filter and acidic NOy species
(i.e., HNOsor NO,), for filters exhibiting significant
artifact nitrate, a ratio > 1.0 would be expected.  The
results with Gelman A (ratio 1.3) are unexpected since this
filter gave evidence of relatively low artifact nitrate
level, as previously discussed.

For 14 sampling periods, the mean 2L4-hour average nitrate on
Gelman hi-vol filters was 13.5 ug/m3. For the four days on
which both Fluoropore and Gelman A filters were run, the

mean ratio of results Fluoropore/Gelman A of 0.60 corresponds
to a difference of 3.4 ug/m3. Considering one of the worst
filters, the mean difference between Spectrograde (hi-vol)

and Fluoropore for four days of parallel sampling corresponded
7.2 ug/m3 nitrate. As with sulfate, these differences are
interpreted to indicate the relative extent of artifact
nitrate formation.

D
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Table 23

RESPIRABLE NITRATE AS A FRACTION OF TOTAL
PARTICULATE NITRATE IN 6-HOUR LOW-VOL FILTER SAMPLES

Respirable/Total Nitrate

Filter (Overall Ratios + 1 o) N
Fluoropore 0.68 + .06 12
Spectrograde 0.71 + .05 8
MSA 1106BH 0.85 + .06 8
Gelman A 0.87 + .05 .8

' Gelman GA-1 0.77 + .03 ' 16

a. The number of pairs of respirable and total particulate samples.

T




Filter
Gelman A
MSA 1106BH
Spectrograde
Whatman 41
Fluoropore

Gelman GA-1

Table 2L

COMPARISON OF CALCULATED® AND OBSERVED
2L-HOUR NITRATE VALUES (OVERALL RATIO + 10)

Calculated/Observed

1.33 + .07
0.95 + .1k
1.07 + .09
1.05 + .01
1.29 + .30

1.08 + .06

1=

10

a. Calculated from four successive 6-hour samples for Hi-Vol and
Low-Vol (total)} filter samples.

- T3 =




In summary, differences up to a factor of two were observed
among Zh-hour nitrate samples collected simultaneously with
five filter types. Nitrate results follcwed the order MSA
1106BH = Spectrograde = Gelman GA-1l > Whatman 41 > Gelman A >
Fluoropore. While filter type was important, little dif-
ference was observed between hi-vol and low-volume filter
results. This suggests that artifact nitrate formation 1is
independent of sampling rate per unit area of filter. Evi-
dence of greater artifact nitrate formation with 6-hour
compared to 2h-hour samples was obtained with some filters.
The observed ratio respirable/total nitrate was substantially
lower on Flucropore relative to the other filter types.

This is consistent with a mechanism for artifact nitrate
formation involving interactions of gaseous NOX cpecies with
the filter media. However, respirable/total nitrate results
for Spectrograde filters imply more complex mechanisms.

2. Comparisons Based on Diurnal Variations of Nitrate and Pollutant
Gases.

Figures 26-31 compare the diurnal variations for particulate
nitrate to those for NO,* and 0g* at San Jose. The ozone maxima
typically occurred in the afterncon and that for NC,, in the
morning. One of the most interesting observations is seen in
Figure 28 (Episode C, San Jose) where the diurnal nitrate maxi-
mum on MSA low-volume filters parallels that for NGO, but for
Whatman 41 (hi-vol), the nitrate maximum occurs in the succeeding
6-hour period. As noted in Table 22, Whatman 41 (hi-vol) 2L-hour
samples exhibit substantially lower nitrate results than MSA
(lo-vol) presumably indicating lower artifact nitrate formation
on Whatman L1l.** These results suggest that NO, or other pollutant
peaking during this period may contribute to the artifact nitrate
observed on MSA 1106BH filters. At Los Alamitos (Figures 32-39)
the local district's NO, monitor was not functioning so only O3
data are shown.*¥% TIn a1l the cases, the diurnal variations
obtained on the low-volume and high-volume filters are similar.

It should be noted that similarities in diurnal patterns be-
tween NO, and observed nitrate do not necessarily imply forma-
tion of artifact nitrate from NO, because HNOy may have a
similar diurnal pattern but it was not measured.

¥Data provided by the BAAPCD.
*¥¥[ower filtration efficiency for Whatman 41 may also be involved.
*¥%¥%¥Provided by the South Coast Air Quality Management District's
Los Alamitos Station.
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Tigure 26

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES

SAN JOSE, EPISODE A, OCTOBER 4-5, 1976
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Figure 27

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
SAN JOSE, EPISODE B, OCTOBER 5-6,1976
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DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES

Figure 28

SAN JOSE, EPISODE C, OCTOBER 6-7, 1976
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Figure 29

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
SAN JOSE, EPISODE D, OCTOBER 7-8, 1976
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Figure 30

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
SAN JOSE, EPISODE E, OCTOBER 8-9, 1976
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Figure 31

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES

SAN JOSE. EPISODE F, OCTOBER 9-10,

1976
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Figure 32

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS, EPISODE A, OCTOBER 28-29, 1976
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Figure 33

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS, EPISODE B, OCTOBER 29-30, 1976
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Figure 34

DIURNAL VARTIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS, EPISODE C, OCTOBER 30-31, 1976
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Figure 35

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS, EPISODE D, OCTOBER 30-NOVEMBER 1, 1976
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Figure 36

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS, EPISODE E, NOVEMBER 1-2, 1976
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Figure 37

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS. EPISODE F, NOVEMBER 2-3, 1976
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Figure" 38

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS, EPISODE G, NOVEMBER 3-4, 1976
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Figure 39

DIURNAL VARIATIONS OF NITRATE AND POLLUTANT GASES
LOS ALAMITOS, EPISODE H, NOVEMBER &-5, 1976
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Carbonaceous Material Results

Twenty-four hour high volume samples collected on Gelman A and
MSA 1106BH filters were extracted and analyzed for carbon solubilized
by successive extractions in benzene and methanol-chloroform as =

‘means of estimating total organic carbon. The data are given in

Table 25. These results together with the total carbon values
(Table 2 ) determined in each sample permit estimation of elemental
carbon as the carbon rema2ining insoluble in the above extracticns.
Correlaticn between these data and 2L-hour average sulfate results
were sought for two reascns. Firstly, elemental carbon might be a
significant catalyst for oxidation of S0, to sulfate. Secondly, the
degree of interaction between SOy and atmospheric particulate matter
has been shown in one case to vary inversely with the amount of
organic carbon.?0

Regression eguations between sulfate and total organic carbon and
elemental carbon are shown separately for each filter type in

Table 27. The highest correlation coefficient seen was +0.5 be-
tween organic carbon and sulfate on MSA filters. A4 positive correla-
tion here contrasts with prior results for model systems.zo No cor-

relation between elementzl carbvon and sulfate is seen.

Total carbon values for S-hcur samples are given in Tables 28 and 29.

Metals Determination of Atmospheric Samples

Atmospheric samples collected on Fluoropore and Spectrograde filters
were analyzed by Prof. T, Cshill and co-workers using alpha particle-
induced x-ray {luorescence {a-XFFA). Analytical values were cbtained
for sulfur as well as various metals. The objective of these deter-
minations were:

1. To assess the level of metals which might accelerate (i.e.,
catalyze) the oxidation of 509 to sulfate during laboratory ex-
posures using both total filter and respirable particulate samples.

2. To seek correlations hetvween catalybic metals and sulfate levels
in the atmospheric particulate as indicaters of mechanism of
sulfate formation.

3. To seck correlations beiween observed sulfate levels and metals

typically found in fuel oil fly ash and presumably emitted Dby

L., To provide an intermethod comparison between wet chemical sulfate
and total sulfur (as sulfate) determinations.

5. To provide a comparison of metals concentraticns obtained with
Spectrograde (hi-vol) and Fluoropore (low-vol) filters in simul-
taneous sampling.

- &9 -




Table 25

TOTAL ORGANIC CARBON® AND ELEMENTAL CAREON

b

RESULTS FROM 2L-ECUR HIGH-VOLUME SAMPLES (ug/m?)

Date Gelman MSA
(EPISODE) __ A 1106BH
SAY JOSE
Oct 4-5 11.9
(4) {8.4)
Oct 5-6 .z
(B) R
Oct 6-T 1&.7
() (7.1}
Cet T7-8 T.b, 7.5
(D) (6.1}, (5.8)
Oct 8-9 11.8
(E) {6.1)
Oct 9-10 4.0
(F) (1.6}
105 ALAMITOS
Oct 28-29 6.4
(A) (8.7
Oct 29-30 7.4
{B) (5.2}
Oct 30-31 16.9
(cy {5.9)
Oct 31l-Nev 1 17.9, 17.2
(D) (9.k4), (8.3)
Nov 1-2 21.3
(E) (8.9}
, L3
Nov 2-3 15.8, 17.0
{F) (9.7), (8.7)
Hov 3-L 13.0, 12.2
{G) (8.7), (8.9)
Nov L-5 10.7
(1) (6.7)

a. The sum of benzene and methanol-chloroform soluble carbon.

b. Shown in brackets.
total organic carben.

- 90 -

Approximated as carbon insoluble in determining




High-Volume Samples

Table 26

TOTAL CARBON RESULTS FROM 24-HOUR SAMPLES

Date
{EPISODE)

Gelman
A

MSA
1106BH

(ug/m?)®

SAN JOSE

Gelman
A

Low-Volume Samples

MSA
1106BH

Spectro-
grade

Oct 4-5

(a)

20.3

Oet 5-6
(B)

20.5

Qct 6-T
{c)

21.9

27.4

Oct T-8
(D)

16.7

Qct 8-9
(®)

17.9

22.6

Sct 9~10
{F)

5.6

LCS ALAMITOS

Oct 28-29
(A)

11.1

Oct 29-30
(8)

12.5

Oct 30-31
(c)

22.8

26.3

Oct 31-Nov 1
(D)

30.8

Nov 1-=2

()

30.2

3.1

Hov 2-3
(F)

Hov 3-4
{a)

Yov L-5
(")

17.4

a. Two values indicate results from separate samplers.

. Mean of two determinations on the same sample.
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Table 27

CORRELATION BETWEEN ATMOSPHERIC SULFATE
AND CARBONACEQUS MATERIAL

S0y™ = a + bx

Filter X -a b T
Gelman A Elemental C* 7.89 -0.33 -0.29
Gelman A Organic C¥¥ 4.36 0.12 6.26
MSA 1106BH Elemental C 9.1k 0.02 0.01
MSA 1106BH Organic C 3.48 0.46 0.54

-

¥Estimated as total C less benzene plus methancl-chloroform soluble C.
¥¥Estimated as benzene plus methanol-chloroform soluble carbon.

¥¥¥Number of datas pairs.
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In the relatively few cases in which vanadium levels were measurable,
these ranged from 0.07 to 0.2 ug/m3 and displayed no apparent cor-
relation with sulfate (Figure 40). Nickel, however, does show slight
correlation with observed atmospheric sulfate levels (Figure Ll).
Since nickel is =z constituent of fuel oil fly ash, this would be con-
sistent with a sulfate contribution from the Los Alamitos power plant
However, the absence of correlation between sulfate and vanadium,
which, in general, is present in higher abundance than nickel in fuel
oil fly ash, suggests the correlation with nickel is not meaningful.
Nickel has not been reported to be an oxidation catalyst for sulfur
dioxide.

Table 30 summarizes the results obtained for four additional elements
on 24-hour Fluoropore and Spectrograde samples. The mean ratio of
results Fluoropere/Spectrograde from side-by~side sampling indicates,
on aversge, 10-15% higher results on Fluoropore. However, for copper
the high volume samples contain abtout three times the level found on
Fluoropore, suggesting contamination with covper particles generated
by the hi-vol motor.

The fraction of the potential catalysts observed in the respirabl
size range is given in Table 31, based on samples collected at both
sites. Values for copper and vanadium were below limits of detection
in a2ll cases with the low volume samples. Only 20% of the observed
iron appears in the respirable fraction. However, while ircn is a
gigrificant fly ash constituent, soil and automobile emissions prob-
ably contributa to the iron in larger particles. In these cases,

the iron may be less catalytiCQlTy active for @f*ectinp SC» oxidation.
Thus, no estimate can be made of the potential of respiradble and
total filters for contributing to iron-catalyzed Oz oxidation.

U

A comparison of sulfur (by o-XRFA) and sulfate results is given in
Appendix J. The analyses were both done on Fluoropore and indicate
generally poor agreement. As discussed in Appendix J, the error
appears to be in the o-XRFA values.

In summary, of the metals demonstrated to accelerate 30, oxidation
under laboratory conditions (usualiy as ions in agueous solution)
only iron and copper are present at levels permitting their deter-
mination by o-XRFA in a majority of the samples analyzed. Observed
sulfate levels at Los Alamitos do not correlate strongly with fuel
0il combustion indicator elements, suggesting important sources of
sulfaete in addition to the Los Alamitos Power Plant.

s Results
1. TIntroduction
nile mass results were not required for this program, it

appearea desirable to obtain such data, where practical, for
quality assurance, for an additional filter media comparison,
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Table 30

CONCENTRATIONS OF METALS OBSERVED IN 2L-HOUR ATMOSPHERIC SAMPLES (ug/m3)

Spectrczrade

Episode b Br Fe Cu
SA : 2.35 0.82° 2.18 0.10
LA 2.16 0.85 0.88 —
LF T.1L 2.26 _ 3.03 0.12
1G 5.6k 1.88 . 2.54 | 0.14

Fluoropore
SA 3.4k 1.15 2.51 0.0k9
LA 3.06 1.01 - 1.63 —
LF 6.61 2.28 2.72 0.029

LG h.57 1.l 1.66 0,028

Ratio  Fluoropore . )
| o r .09 * .2 b o+ .31+ .16
“ Spectrograde 1.15 % .33 1.09 + .28 1.14 + .52 31+ .1
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Table 31

FRACTION OF METALS IN RESPIRABLE SIZE RANCE

Metal Ratio Respirable/Total Particulate Values
Fe 0.19 + 0.09
Cu -—
v —
Zn 0.64 + 0.23
Ni 0.99

a.

Number of paired samples.
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and for evaluation of the field sampling techniques. Because of
the hygroscopicity of the filters and low sampling ratses, re-
liable mass data were not obtained with Gelman GA-1 cellulose
acetate and Whatman L1 cellulc.e filters.

Results

Table 32 summarizes the 24-hour hi-vol and low-volume results
for mass, excepting for those from Gelman GA-1 and Whatman 41
filters. In the cases where two values are shown, these repre-
sent results for two samplers operated with the same filter
medium. From these data, we calculate the following:

a. The precision of hi-vol sampling for mass was 5.9%, as
measured by the mean coefficient of variation for eleven
paired samples collected side-by-side on different samplers
but with the same filter type.

b. In the four cases in which 24-hour hi-vol as well as low-
volume results are available for the same filter type run
simultaneously (Gelman A, Gelman Spectrograde twice each)
high-volume and low-volume filter results agreed within 5%
in three of four cases and within 20% for the remaining
case.

The mass results for 6-hour hi-vol and low-volume samples are
given in Tables 33 and 34, with separate results listed for
respirable and total low-volume samples. The results on the
different filters are compared in Table 35 as ratios of
arithmetic means + 1 ¢. From these results and comparisons we
note:

a. Mass results on 2h-hour Fluoropore are significantly lower
than those of other filters types with both low- and high-
volume samplers consistent with the reduced artifact sulfate
and nitrate levels expected for the Teflon filters. The
mass results on other filters are equal within experimental
uncertainty.

b. The relatively good agreement in mass found for filters such
as MSA 1106BH low-vol with glass fiber hi-volume filters,
in contrast to results for sulfate and nitrate may reflect,
in part, the restriction of the low-volume filters to par-
ticles < 20 um (i.e., enhanced artifact sulfate and nitrate
on low-vol filters may be offset by the exclusion of soil
particles > 20 um).
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Table 32

MASS RESULTS FROM 2k-HOUR SAMPLES (ug/m>)

SAN JOSE
High-Volume Ssmples Low-Volume Samples
Date Gelman MSA Spectro- Gelman MSA Spectro- Fluoroe-
(EPISODE) A 11068H grade A 1106BH grade pore
oct L-5 103.7 .
(A) 101.4 113.7 101.3
Oct 5-6 116.3
(B) 112.4 .7 72.1
Oct 6«7 138.4 133.5 1h1.3
(c)
Oct T7-8 o1.6
(D) 90.6 1.8 91.2 92.0
Oct 8-9 122.8
(E) 99.7 106.2 120.6
Oct 9~10 y
LOS ALAMITOS
Oct 28-29 65.5 |
Oct 29-30 al.1
(5) T7.0 77.5 £1.3
Oct 30-31 147.5 150.4 67.0
(c)
Oct 31-Nov 1 148.7
(D) 139.0 161 1434 134.7
Nov 1-2 147.5
() 134.0 139.8 119.2
Nov 2-3 138.7 - W -
(F) 136.3 137.4 146.1 115.7
Nov 3-L - 126.0 .
@) 109.6 1191 126.0 g1.5
(H) 90.7 )
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¢. Relative results for 6-hour samples with Spectrograde low-
volume filters are lower than those on Fluoropore but the
large uncertainty prevents conclusions.

In Table 36 the mean mass results calculated from four 6-hour
samples are compared to the 2h-hour value for each filter type.
The filters exhibiting the lowest artifact sulfate and nitrate,
Fluoropore and Gelman A, have values closest to 1.0 while
Spectrograde and MSA show higher mean results.

The mean fraction of the total mass in the respirable size range,
as obtained with 6-hour low-volume samples, is given in Table 37.
In the preceding sections, it was shown that the fraction of
respirable sulfate and nitrate on Fluoropore was the lowest of
any filter type, a finding consistent with minimal artifact
sulfate and nitrate. Fluoropore and Gelman A show the highest
respirable particulate fraction. BSuch differences between
results for mass and those for sulfate and nitrate may relate,

in part, to the ability of filter media to retain large particle
agglomerates on their surfaces when turned upside down during
handling. Fluoropore filters would probably retain such
agglomerates less well than the fibrous glass fiber media, lead-
ing to losses in mass primarily from the total particulate

sample and, therefore, a higher respirable fraction would be
observed. This provides no explanation for Gelman A glass fiber,
however.

In summary, mass results with all filter media agree within 30%.
Fluoropore, the filter providing the lowest levels of artifact
sulfate and nitrate, exhibited the lowest 2L-hour mass results
and good agreement between short-term and 2L-hour samples. The
fraction of respirable particulate mass ranged from 0.4 to 0.6
for the different filter types with results for Fluoropore and
Gelman A higher than with the other types.

- 105 -
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Table 36

COMPARISON OF CALCUTATED® AND OBSERVED®
MASS VALUES

Calculated/Observed
Filter Ratio of Means N
Gelman A | | 1.06 + .02 10
MSA 1106BH 1.b + kO L
Spectrograde 1.10 + .18 i
Fluoropore 1.07 + .03 Ly

(

{ a. Calculated mass is the mean of the four six-hour mass values

for lo~ and hi-vol samples.

b. Observed is the 2h-hour mass value for 1o- and hi-vol samples.

¢ | -~ 106 -




Table 37

RESPIRABLE MASS AS A FRACTION COF
TOTAL PARTICUIATE MASS IN SIX~HOUR
LOW-v0L FILTER SAMPIES

Respirable/Total Mass

Filter {Mean ratio + 1 @)
Fluoropore 0.58 + 0.12
Spectrograde 0.44 + 0.07
MSA 1106EH 0.49 + 0.12
Gelman A 0.63 + .06

a. Number of pairs.
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VI. Laboratory Study of Artifact Sulfate Formation on Clean Filter Media

A,

Introduction

Artifact sulfate formation can, in principle, relate to interactions
of gaseous sulfur speciss with either or both the filter media and
the particulate matter. The first phase of our laboratory studies
attempting to simulate artifact sulfate formation evaluated the
interaction of SO, with clean filter media.

In principle, artifact sulfate formation could involve fixation

and oxidation of atmospheric hydrogen sulfide (H,S) as well as SOo.
To our knowledge, nc studies of the interaction of H,S with filter
media have been made. However, the low level of HyS relative to SO,
in ambient air makes such studies of doubtful value, at least for
ambient air sulfate monitoring.

It is highly desirable to monitor continuously the adsorption of
acidic gases such as S0, on filter media since their degree of
adsorption can be expecied to decrease as alkaline sites on the
filter become neutralized. Accordingly, adsorption of S0, on filters
was monitored continuousiy by passing an air stream containing the
pollutant through a filter (one filter at s time) and monitoring the
S0y concentration upstream and downstream as a function of time.
Based on previously reported studies with glass fiber filters, sub-
stantial removal of S0, by such filters was expected, initially,

the fraction retained on the filter decreasing with time. The
downstream/upstream concentration against time at constant tempera-
ture is referred to as adsorption isotherm. The construction of such
igotherms is detailed in Appendix J.

Figure 42 illustrates an isotherm for S0, adsorption on MSA 11063H
The area above the curve in the figure is proportional to the S0,
adsorbed. The collection of S0, on filter media probably involves
a series of steps such as the following:

803001
> =
S0, (g) < S0,(a) + HoO < + \)Soq + oH"
2ut
where  80,(g) = gas phase SO,

SOz(a)

adsorbed S0,

Oxidation of sulfur from the +4 state (as in S0, and sulfite, S03 )
to the +6 state in sulfate probably.occurs as a separate and discrete
step from the initial adsorption of S505. It was noted previously
that under usual extraction and analysis conditions, sulfite is in-
distinguishable from sulfate. However, since sulfite formation is
probably reversible with respect to gaseous 805, the SO0, adsorbed,

as measured by a decrease in S0(g), may not be equivalent to the
sulfate observed after aqueous extraction. '

-~ 108 -~
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Adsorption Isctherm Results

Adsorption isotherms for S0, were determined for conditions relevant
to the current vrogram. Tlow rates were 0.56 and 1.32 cfm which
provided flow rates, in m3/cm2, equal to those used with the low-—
volume and high-volume filters in field sampling. S0,y concentrations
were 0.1 and 0.5 ppm and relative humidities either 50-60 or 90-95%

Table 38 summarizes results ovtained for all of the 30; isotherms.
The isotherms are characterized by lag time (i.e., the time, in
minutes, for which penetration is negligible) and times to 95 and
100% SO0, penetration. Also shown are the expected sulfate levels,
obtained by integration of the isotherms in all cases where this was
feasible, the observed sulfate, and the ratio of observed to ex-
pected sulfate. A value of 1.0 in this ratio implies that all 805
adsorbed is analyzed as water soluble sulfate. A value < 1.0 sug-
gests that some of the adsorbed S0, was lost, presumably by desorp-
tion following the filter exposure. TFrom this table we note the
following.

1. At the higher flow rate and lower humidity, the time required to
saturate filters with S0, is reduced.

2. The time required to saturate filters, in general, followed the
order Fluoropore = (eiman GA-1 < Whatman b1 < uelman A < EPA
Grade < MSA. The position of Gelman Svectrograde appears vari-
able being eiiher immediately before or after Gelmen A.

This pmttc n is si

r lar to that found for atmospheric suifate
and nitrate on

filter types.

3. The ranking of the different filters by order of increasing
observed artifact sulfate generally paralleled that for time to
saturation. The results for EPA Grade, 50% R.H., 0.56 cfm, 0.1
ppm SO, appear anomalous.

4. Higher artifact sulfate levels, in ug/filter, were observed at
lower flow rates.

5. Fluoropore and Whatman 41 results suggest that S0, adsorption is
largely reversible on these filters with much of the SO, being
lost before agqueous extraction. With MSA and Gelman A, the SO;
adsorbed was apparently converted irreversibly to a material
anaiyzed as sulfate. Results with the EPA Grade filters re-
semble those with MSA and Gelman A at 0.5 ppm SO, but correspond
more closely tc the behavior of Fluoropore and Whatman 41 with
respect to reversibility at 0.1 ppm 80;. The results with
Spectrograde filters are also variable. Since the expected
sulfate levels for exposed Gelman GA-l were insufficient to
permit calculation, no conclusions on the degree of reversibil~
ity of 80; sorption can be reached for this filter.




Filter Type

Spectrograde

EPA Grade

Whatman 41
Gelman A
EPA Grade

MSA

Fluoropore
Gelman GA-1
Spectrograde

MSA

Fluoropore
Gelman GA-1
Spectrograde
Gelman A
EPA Grade

MSA

Whatman 41
Spectrograde
Gelman A
EPA Grade
MSA

Table 38

SUMMARY OF SOz ADSORPTION ISOTHERM RESULTS

SOy SOy
Response, min Expected  Observed Observed
I1.D. lag to 957 to 100% ug ug Expected
Conditions: 90% R.H. 1.32 cfm 0.5 ppm. S0=
02018 0.1 2.5 5 -8 57.3
L001E 0.1 3.5 6 2k3 286 1.18
Conditions: 60% R.H. 1.32 ¢fm 0.5 ppm SOp
0602w 0.2 1.5 ca.?2 - L.7
00024 0.1 1 2 - 57.6
LOO02E 0.2 4.5 5 189 223 - 1.18
oko2M  (1.5) 6 7 - 33k
Conditions: 90% R.H. 0.56 cfm 0.5 ppm SOo
1001F 0.5 2 ca. b 65.7 < L.D. < 0.06
20016 0.1 0.5 0. - 11.3
02028 0.5 16 30 106 89.8 0.85
oko3M 0.6 30 50 315 390 1.24
Conditions: 50% R.H. 0.56 cfm 0.1 ppm SOo
1002F 0.1 0.5 0. - < L.D.
2002G  0.05 0.1 0. - ‘6.2
02038 0.1 33 48 67.5 43.3 0.64
00034 0.5 25 55 33.9 %6.3 1.36
L003E 5 125 160 197 27 0.1k
okokM 6.5 150 250 262 308 1.18
Conditions: 50% R.H. 1.32 cfm 0.1 ppm S0z
060Lw 0.1 0.5 L 11.6 < L.D. < 0.3k
020ks 0.5 25 50 90.2 18.6 0.21
00044 0.2 ) 10 29.7 40.7 1.37
LOoOkE 2.5 65 90 246 125 0.51
okosM 3.5 55 70 262 206 0.78

& A dash indicates that no calculation of expected sulfate was possible since
integration of the isotherm was unfeasible due to an insignificant difference
from the system blank. -
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6. No quantitative conclusions can be drawn from these data on the
influence, individually, of relative humidity and SO, concentra-—
tion on artifact sulfate formation. However, simultanecusly
decreasing both relative humidity and SO, concentration consis-
tently decreased the observed artifact sulfate.

Sulfite vs. Sulfate Formation

While it may be of little practical significance to distinguish
sulfite and sulfate because of subsequent oxidation during extrac-
tion and analysis, it is of substantial interest in efforts to
understand the nature of S03- filter media interactions. Accordingly,
a brief study was made evaluating sulfite vs. sulfate formation in
simultaneous sampling of 0.1 ppm 802 at 50% R.H. in 6-hour exposures
with the seven filter types. Sulfite was determined as described in
Appendix H. The results are given in Table 39. Where measurable,
the results indicate that the proportion of sulfite is highest for
the high pH filters; the correlation between the proportion of
sulfite (81V) ana pH is illustrated in Figure L4L3. Only Whatman L1
appears to have higher than expected SIV levels.

The sulfate results cited in this report are to be considered the
sum of sulfate and any sulfite present.

The filter pH reasonably controls the extent of fixation of 802 as
either S0, (adsorbed) or S05=. If the rate of subseguent oxidation
to sulfate is comparatively slow and independent of the concentration
of the S0, (adsorbed) or 5037, then increasing pH would lead to an
increasing proportion of sulfite. Further studies are needed to
confirm this inference. '

Artifact Sulfate Formation in Side-by-Side Exposures of Filters to
S0, in Clean Air

1. Compilations of Results

Tables 40 and 41 compile the artifact sulfate results obtained
under a variety of conditions. In general, the results are means
for two independent trials. In addition to results in ug/filter,
results are expressed relative to those obtained by the EPA
Grade material. MSA 1106BH and the EPA Grade filters exhibit

the highest levels of artifact sulfate, consistent with their
high pH. Fluoropore and Gelman GA-1 filters exhibit negligible
or slight artifact sulfate levels in all cases.

Artifact sulfate results for some of the data given are shown
again in ug per 3 of air sampled at a flow rate equivalent to

a hi-volume (Table L42) and low-volume (Table L3) sampler. The
results for 6-hour sampling at the hi-vol flow rate indicate
positive errors up to 31 ug/m3 (for the EPA Grade and MSA filter).
For 2h-hour sampling, the maximum error observed was about 8 ug/m3
(for the MSA filter). Lo-vol sample errors up to T4 pg/m3 and

13 ug/m® were noted for 6-hour and 2h-hour sampling, respectively,
again, with the MSA 1106BH filters.
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Filter

Fluoropore
Gelman GA-1
Whatman Ll
Spectrograde
Gelman A
MSA 1106BH

EPA Grade

Conditions:

SULFITE vs. SULFATE FORMATION FROM

Table 39

S02-CLEAN FILTER INTERACTION

504~ 503~ + S0, stV stV

(as ug SLV/filter) (as ug SIV+SVI/filter) SIV+SVI SVI
0.1+ .1 0.1+ .1 -2 -2
0.1+ O 2.8 + o 0.0 + .1 0.0
0.6 + .3 2.3 + .k 6.3+ .1 0.3+.3
0.9 + .4 20.5 + 2.1 0.0 0.0
1.8+ .6 15.6 + 1.1 0.1 + .0k 0.1 + .03
38.1 + 2.2 79.8 +18.6 0.5+ .1 0.9+ .4
3.8 + 2.4 55.2 + 8.k 0.6 + .1 1.7+ .7

0.1 ppm S0,

50% R.H.

1.32 cfm

6 hours

20°¢C

a. Not reliably determinable
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In subsequent sections, these results are further examined
for the influence of specific variables on observed sulifate
levels.

The Effect of Time in Side-by-Side Exposures of Filters to S0,

The results of the isotherm studies imply that exposing filters
for more than four hours may be unnecessary since saturation is
achieved before this with all of the filters. However, since
S0, sorption can be reversible, it is difficult to predict if
the observed sulfate value would remain constant after increased
exposure times.

The influence of exposure time, shown in Figures Ll and L5 for
50 and 90% R.H., respectively, indicatesthat for MSA and the

EPA Grade, the level of observed sulfate remains constant within
+ 10% at L0O pg/L7 mm filter over a 6- to 2h-hour period when
exposed to 0.5 ppm S0» at 90% R.H. Similarly for Gelman A, the
level remained constant. However, at 90% R.H. with Spectrograde
and Whatman 41, the observed sulfate continued to increase. At
50% R.H., increase was seen only with the hygroscopic Whatman bLl.
It was concluded Trom these studies that 24-hour exposures were
essential to adequately assess levels of artifact sulfate forma-
tion expected on 2Lh-hour samples due to S0op—~filter interactions.

It may be noted that the filters which showed increasing sulfate
with time also showed ratios of observed/expected sulfate sub-
stantially below 1.0 in the isotherm studies and sulfite/sulfite +
sulfate ratios <<1.0 (6-hour exposures). It appears that with
these filters a slow oxidation of sulfite and/or adsorbed S0,
occurs yielding sulfate irreversibly. The higher the proportion
of sulfur as sulfate, the lower can be the loss of sulfur by de-
sorption following removal of the filter from the exposure system.

The Effects of Flow Rate and S0, Concentration

An increase in flow rate for a constant sampling time and SO
concentration can influence artifact sulfate in two ways: The
quantity of S0, collected might increase assuming that the alka-—
line sites were not completely neutralized during sampling at
the lower rate. Secondly, since the total air volume sampled
increases in proportion to the flow rate, the calculated sulfate
concentration, in ug/m3, may decrease.

The effect of flow rate was explored at both 50 and 90% and with
6-hour and 2h-hour samples (Figure L6). In general, little effect
was seen, calculating results as ug sulfate per filter. If cal-
culated as ug/m3 sulfate, a sharp decrease in sulfate concentra-
tion with increased flow rate would have been seen.

Increasing the S0, concentration from 0.1 to 0.5 ppm is seen to
have a negligible or small influence on artifact sulfate in 6-
hour exposures (Figure 47). This is consistent with substantially
complete neutralization of alkaline sites on the filters at the
lower concentration.
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Figure uk
SULFATE OBSERVED VS. SOZ EXPOSURE TIME
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Figure Ls

{ SULFATE OBSERVED vs. S02 EXPOSURE TIME
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Figure L6

THE EFFECT OF FLOW RATE ON ARTIFACT SULFATE
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THE EFFECT OF S0O2 CONCENTRATION
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4., The Effect of Relmtive Humidity and Temperature on Artifact Sulfate

The effect of changing from 50 to 90% relative humidity at con-
stant temperatwre can be seen in the data obtained with 6-hour
exposures with O.1 ppm SO, (Figure 48). 1In all cases, a pro-
nounced increase is observed, approaching or exceeding a

factor of two with high pH filters.

Varying relative humidity at constant temperature is done by
changing the absolute humidity of the air stream. Thus, either
or both relatiwve and absolute humidity may be the cause of the
observed change in artifact sulfate.

An alternative =xperiment is to vary relative humidity while
maintaining absolute humidity constant. This requires variation
in temperature ieading, again, to possible ambiguity in inter-
pretation. The =ffects of changing relative humidity at constant
absolute humidity was studied with both 0.1 and 0.5 ppm S0,
(Figure 49). The results parallel those obtained at constant
temperature; excepting for Gelman GA-1, all filters showed in-
creasing artifact sulfate at higher R.H. with the effect
especially pronounced for the high pH filters, MSA 1106BH and -
EPA Grade. '

Finally, the effect on artifact sulfate formation of changing
temperature at constant relative humidity is shown in Figure 50.
Increasing temperature leads to generally increasing artifact
sulfate with the high pH filters (MSA and EPA Grade) as well as
Gelman GA-1. Results are not shown for Fluoropore or Whatman L1
filters since cbserved sulfate levels in these two-hour exposure
studies were below limits of detection. For Spectrograde and
Gelman A filters, sulfate either decreased or remained constant
within experimental uncertainty.

If the extent of adsorption of S0, were the limiting factor in
artifact sulfate formation and if this adsorption involved
relatively weak bonding (e.g., physical adsorption) increased
temperature should decrease artifact sulfate. The opposite
trend with the high pH filters suggests either that bonding is
not weak and/or the rate of a subsequent step (e.g., oxidation

to SVI) may determine the extent of artifact sulfate observed.

The Effect of Ammonia on Artifact Sulfate Formation

Ammonia was introduced.into the exposure system at two concentrations
considered relevant to ambient air levels, 40 and 90 ppb.12 A Lear-
Siegler (SM 1000) second derivative spectrometer, calibrated for
ammonia immediately before use against an NH3 permeation tube of
known emission rate, was used to continuously monitor NH3 levels.
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Py

Sulfur dioxide gave a 1 )% positive interference in the NH3; measure-
ment. Since S0; was monitored independently (using a Meloy flame
photometric total smifur analyzer) no difficulty was encountered in
accurately measurinz NHy l=vels.

Mean results for two runs =zt 0, 40 and 90 ppb NH3 are given in

Table 4l . Ammonia is s=en to cause a slight enhancement in artifact
sulfate with the low pH Jilters, Fluoropore, Gelman GA-1 and

Whatman L1. With the other filters the effect of ammonia is, within
experimental error, negligible.

F. The Effect of Ozon=e on Artifact Sulfate Formation

Ozone was generated by an Hg arc source and introduced into the ex-
posure system to provide 0.5 ppm O3z. This level was selected to
represent close to the expected upper limit of urban ambient concen-
trations. Ozone lewels were monitored using a Bendix chemilumines-
cent analyzer with calibration referenced against the UV procedure.

The effect of 0.5 pom ozone on S0, absorption by filter media was
evaluated at both 50% and 90% relative humidity. The results are
summarized in Table 45. Ozone clearly enhanced the observed sulfate
in all cases. The increase was generally higher for the filters of
higher pH.

The enhancement of observed sulfate suggests either (or both) oxi-
dation of 80, to 303 in gas phase and hydration to H,;30, or oxida-
tion of S0, folileowing its absorption on filters. However, direct

gas phase oxidation of 50, by ozone apparently occurs at too low a
rate to be significant.® A more likely mechanism is the following:

-> = +
SO, + HyO (adsorbed) « 803 (adsorbed) + 2H
02 " 03

S0y~ SOy

The oxidation of dissolved S0, by 03 has been studied by Erickson
and Yates?? who evaluated the rates of oxidation of H,803, HSO3 ,
and 803"2 with Oz.- At pH values > 4, the oxidation of dissolved
S50, was shown to proceed via oxidation of 803—2. At pH values

< 1.7, only HpS03 and HS03™ were involved.

¥J, Pitts and co-workers report an SO, oxidation rate of 1% per hour for gas
phase ozone and 802.21
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Table 4b

THE EFFECT OF AMMONIA ON ARTIFACT SULFATE FORMATION
(ug/filter sulfate)?

Filters 0 pob-NH;~
Gelman A 4L6.9 + 3.k
EPA 165 = 25
“luoropore 0.3 0.2
Gelman GA-1 8.5+ 1.2
MSA 239 £ 56
Spectrograde 61.h + 6.4
Whatman 41 7.0+ 1.1

a. Exposure conditions:

0.1 ppm SO0y, 50% R.H., 1.

- 130 -

40 ppb NH3™ 90 ppb NH3*
38.4h £ 5.7 ho.2 + 5.6
167 =+ 8.6 187 £ 13
1.9 i 3 2.5+ 0.5
13.b £ 1.8 12.8 + 4.2
218 + 12 233 11
sh.3 £ 1.9 65.7 + 4.0
ko1 2 301 10.5 £ 1.1

32 cfm, 22°C, 6 hours exposure.
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To illustrate the effect of 03 on apparent atmospheric sulfate
concentration, the 147 ug/filter enhancement at 50% R.H. for the EPA
Grade filter represents a positive sulfate error of about 11 ug/m3
for the 6-hour exposure. Extrapolation of these findings to 2L hours
would generally be unwarranted since ozone concentrations usually
decrease to ca. O during nighttime hours. If one assumes a constant
03 concentration of 0.5 ppm for 6 hours and 18 hours of sampling with
zero ozone, then the enhancement of 11 ug/m3 for 6 hours decreases to
about 3 ug/m when averaged over 24 hours.

The Effect of NOy on Artifact Sulfate Formation

In ambient air, it is likely that all acidic gases. (e.g., S0p, HNOgj,
HC1, NO,) compete for adsorption on the alkaline or polar sites of
filter media. As a result, the extent of artifact sulfate observed
in the laboratory from adsorption of SO, from mixtures in clean air
might 31gn1f1cantly cverestimate its importance in ambient air.
Table 46 summarizes results of a brief evaluation of the influence
of NOp on artifact sulfate under conditions likely to maximize the
impact of such an effect. With 0.5 ppm NO, and 0.1 ppm SC,, the
observed artifact sulfate values are, in all cases, substantially
decreased. On a percentage basis, the effect of NOs is higher for
the low pH filters compared to the MSA and EPA Grade materials.

Conclusions on the effect of N0y are weakened in this study by the
presence of a contaminani source of nitrate in the exposure system.
The cbserved nitrate wvalues on these samples, excepting for Fluoro-
pore, ranged from 112 to 170 ug/filter both with and without added
S0p, or about four times the level established for NO, collection
with a clean system {see Table 4T). Contamination of the system

by nitric acid desorbing from the glass walls is the probable

cause. Accordingly, the decreased artifact sulfate may reflect the
influence of NO, plus an unknown quantity of nitric acid. Neverthe-
less, the results are consistent with the model described above.

Comparison of Artifact Sulfate Results with Other Studies

R. Coutant's results on artifact sulfate are summarized in Figure 51.
The alkalinity of the filter medla is expressed as microequivalents
of acid required to achieve neutrality per em? of filter. Coutant
reported that alkalinities of 0.3 corresponded to filter pH wvalues
of 9.2 to 9.4. Thus, the results shown at A = 0.3 are comparable to
those for EPA Grade and MSA 1106BH in the present study. Flows (F)
are expressed in m3/cm?. TFor a 2h-hour 8 x 10" high-volume sample,
this is about 4. Coutant's.results indicate that under 'normal"
conditions of S0, concentration and relative humidity an artifact
sulfate (or sulfate error) level of < 1 ug/m can be expected.

Results from the present study are shown in Figures 52 and 53.

While in general data are insufficient to test linearity, the results
reveal trends similar to those found by Coutant. Specifically, artl—
fact sulfate follows P%S0,/(1-RH)¥, and decreasing the flow (in m3/cm?)
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Table 46

a
THE EFFECT OF NO, ON ARTIFACT SULFATE FORMATION

S0, (ng/filter)

Filter 0 _ppm NO, 0.5 ppm NO,
) Fluoropore 2'9>i.0'5 None detected
‘ Gelman GA-1 18.8;.1 2.4 4.8 + 0.6
Whatman b1 A 23.2 + 5.k . None detected
i Spectrograde 118 i;O 51.7 + 4.6
) Gelman A 67.6 + 5.4 37.7 + b7
. MSA 1106BH iz +12 32h 426
( EPA Grade W7+ 8 298 +12

Conditions: (S805) = 0.1 ppm
R.H. = 90%
Temp. = 20°C
Time = 6 hours
Flow Rate = 1.32 cfm

a. The results are mean values + 1 ¢ for two trials.

—
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Sulfate Error, pg/ha

Figure 51

ARTIFACT SULFATE IN FILTER SAMPLING

Normal- Extreme

F=4.5, A=0.3

—
—
|

Pgéi/(l-RH)UB

Q
Data of R. W. Coutant, Reference 1.

F = flow, m3/cm?

A = alkalinity, peq/cm? of filter

PS02 = ppb SO,

R.H. = relative humidity expressed as a fraction
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does increase artifact sulfate. However, in the cases where three
data peints are available, the increase in artifact sulfate is not
linear with the function of 50, and R.H. employed.

The most significant difference in results between the two studies

is the substantially higher levels of artifact sulfate observed in

the present work. The present laboratory studies may also be compared
to the field sampling observations (Section V., B.) which, by compari-
son to Fluoropore results, lead to artifact sulfate values up to

3.1 ug/m3 for a 2U-hour hi-vol filter sample.
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VII. Laboratory Study of Artifact Nitrate Formation on Clean Filter Media

i A. Introduction

As with artifact sulfate, artifact nitrate formation on filter media
can, in principle, relate to interactions of gaseous nitrogen oxides
with elther or both the filter media and the particulate matter.
However, Okita, et al., found?® that untreated glass fiber filters
(Gelman A) collected gaseous HNO3 with an efficiency up to 56%. 1In
the current study, principsl emphasis was given to evaluating clean
filter interactions with nitrogzen oxides. Results from such labcora-
tory work are then compared to those in ambient sampling potentially
involving both routes.

The two most probable nitrogen oxides involved in artifact nitrate
formation were chosen for evaluation: nitrogen dioxide (NOZ) and

i nitric acid (HNO3). As with 505, absorption isotherms were deter-
mined for NO, at 0.1 and 0.5 ppm NOp at 50 and 90% relative humidity
and 0.56 and 1.32 vfm. However, in no case was a measurable isotherm
obtained; the ratio of downstream/upstream NO; concentration was
never measurably different from the system blank without a filter in
place.

Attempts were also made to determine absorption isotherms with nitric
acid exposures of clean filters. However, the pressure drop across
the filters made ssmpling of the downstream concentration using the
) modified Mast meter unfea In lieu of isotherms, studies of
( nitric acid collection as a function of time in side-by-side exposures
- were included.

B. Artifact Nitrite and Nitrate from NOy-Clean Filter Interaction

The analytical method used for nitrate determination involves reduc-
tion of nitrate to nitrite followed by azo dye formation. Accord-
ingly, the method does not distinguish nitrate from nitrite in the
sample, and, except as noted, nitrate values are understood to include
nitrite.
The nitrite concentration c¢bserved in side-by-side exposures of
filters to NO, was determined (Teble 47). Only high pH filters show
. significant nitrite levels. The corresponding nitrate levels for
this exposure ranged from O to 30 pg/filter or 0 to 2 ug/m>. The
highest proportions of nitrite were observed on the two filters of
highest pH, MSA 1106BF and FPA Grade. These results parallel those
found for sulfite vs. sulfate as reported in Section VI.

C. The Effect of Ammonia on Artifact Nitrate Formation from NO»

The effect of ammonia on artifact nitrate formation from NO, absorp-
tion by filter media is shown in Table 48. The levels of ammonia
used represent values ranging up to the maximum likely to be en-
countered in ambient air. The results for NO; without ammonia are
shown as a single trial reflecting the difficulty subzequently
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Table U7

OBSERVED NITRITE AND NITRATE IN SIDE-3Y-SIDE
SAMPLING OF N0, WITH CLEAN FILTERS

' NO3~ 4+ No,” ° NO,- T,
Filter ug/filter  ug/md  ug/filter S
Fluoropore < 3 < 0.2 < 0.2 -
Gelman GA-1 2.6.6 - 1.9 1.2 : 0.062
Whatman 41 27.4 2.0 < 0.2 < .01
Spectrograde 19.1 1.k 1.8 0.13
Gelman A 29.6 2.2 < 0.2 < 0.01
MSA 1106BH 30.5 2.3 13.1 0.58
EPA Grade 31.4 2.3 3.5 0.15
Conditions: 0.5 ppm NO,

50% R.H.

1.32 cfm

Temp: 20°C

6 hours

a. Expressed as nitrate. Under our analytical conditions, nitrite provided
a 100% positive interference, on a molar basis.
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Table 48

Effect of NHs; on Artifact Nitrate Formation from NOp
(ug NOs ™ /filter)

NHg (ppb)
Filter Qi EQE QQE
Fluoropore 0.0 6.1 8.4
i?‘7 i;.o
Gelman GA-1 26.0 ©33.7 27.1
+0.8 +1.2
Whatman 41 o7 .4 bg.1 41.3
4.0 i9-6
Spectrograde 191 ¥1.3 36.9
6.6 .3
Gelman A 2.6 hg. b 39.0
+1.8 +3.1
MSA 1106BH 30.5 ho,7 Lo.6
7.0 18.5
EPA Grade ‘ 31.h 7.2 Lo .1
io.h +0.2

Conditions: 50% RH
200¢
C.5 ppm NOo
1.32 cfm flowrate

a. Results for a single filter of each type.
b. Mean results for itwo trials.
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encountered with contaminstion of the exposure system probably with
nitric acid yielding elevated nitrate values. Contamination problems
and the rate of desorption of the contaminant nitrate are discussed
in Appendix L. The effect of ammonia additicn is, in 211 cases,

small with enhancements  of observed nitrate of less than 20 ug/filter.
These results are similar to those found with ammonia additions to
S07.

The Effect of Ozone on Artifact Nitrate Formation from NC»,

To evaluate the effect of ozone under worst case conditions, 0.5 ppm
ozone was added to an equal concentration of N0, at 90% R.H. The
results are presented in Table L9 showing the increase in observed
nitrate. Absolute nitrate values are not shown because the system
apparently remained contaminated with nitric acid from the NO,- Og
run leading to elevated nitrate levels for the runs without added
ozone. As a result, the values shown represent minimum values.

The results indicates substantial increases in observed nitrate on
the high pH filters (EPA Grade and MSA 1106BH). It is notable that
no increase was detectable with Spectrograde filters.

If the mechanism for enhanced NO; absorption involved gas phase
oxidation of NO; to Ny0g5 by ozone followed by gas phase hydration
to HNO3, the results in the presence of ozone should parallel those
obtained with HNO3. As discussed below, this was not observed, and
we infer that the effect of ozone involves reactions occurring on
the filter surfaces.

‘The Effect of S0y on Artifact Nitrate Formation from O,

As discussed in Section VI.,G., it is likely that acidiec gases com-

pete for alkaline or polar sites on filter media. It was shown

there that 0.5 ppm NO, (plus an undetermined nitrate contaminant)
could substantially reduce artifact sulfate formation with 0.1 ppm
S0y. The same samples were also analyzed for nitrate permitting
evaluation of the influence of 0.1 ppm 80, on artifact nitrate for-
mation from 0.5 ppm NO;.

As previously indicated, the observed nitrate levels with and with-
out added S0, were substantially elevated indicating contamination
of the system, probably by nitric acid. Accordingly, the results
given in Table 50 indicate only observed changes in nitrate produced
by the addition of 0.1 ppm S0,. Such changes are not significantly
different from zero. Accordingly, 0.1 ppm 30, has a negligible
effect on the observed nitrate. Since, as discussed in Section VI.,
G., most of the observed nitrate apparently resultea from a con-
taminant (HNO3) formed on the walls of the exposure system the re-
sults may not be representative of the effect of S0, on NOp fixation.
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Table L9

THE EFFECT OF 0.5 ppm OZONE ON 0.5 ppm NO, ADSORPTION
ON CLEAN FILTTR MEDIA (90% R.H.)2

Observed Increase in NOq'b
Filter ug/filter ng/m3
Fluoropore -~ 5.8 R
Gelman GA-1 ' 3.3 0.3
Whatman 41 - } - 9.9 -
Gelman A 3.3 0.3
Spectrograde - 3.7 -
MSA 1106BH 91 6.8
EPA Grade L8 3.6

a. Flow rate = 1.32 cfm. T = 22°C, 6-hour exposures.

b. Mean of two trials.




Table 50

THE EFFECT COF 0.1 ppm SO, ON ARTIFACT NITRATE FORMATION FROM N02a

Change in Observed Nitrate

Filter (ug/filter)
Fluoropore 0
Gelman GA-1 1.7+ 2.7
Whatman 41 : 2.5 + 1.2
{ Spectrograde 32 + 35
Gelman A -12 + 10
MSA 1106BH | 8.9 + 21
EPA Grade : 7.2 + 25

I Conditions: (NO») = 0.5 ppm
o ' R.H. = 90%
¢ Temp. = 20°C
Time = 6 hours
Flow Rate = 1.32 cfm

a. The results are mean values + 1 ¢ for two trials,
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Artifact Nitrate Formation from Nitric Acid

The system used for feeding nitric acid into the filter exposure
systems permitted operation under constant HNO3 concentrations for
f6-hour runs but was not feasible for 2Lk-hour exposures. Side-by-
side filter exposures were conducted for both 2 and 6 hours to permit
some assessment of the influence of time. Other variables considered
include the influence of flow rate, nitric acid concentration, rela-
tive humidity and temperature.

The results for all trials are summarized in Table 51. As with NOj
the adsorption of nitric acid on Flucropore filters was negligible.
However, with the other filters adsorption greatly exceeded that
found with NO,. While high levels of nitric acid are collected cn
the high pH filters (EPA Grade and MSA 1106BH), the level on
Spectrograde (pH = 6.2) is still greater.

The Effect of Time, Relative Humidity and Temperature on Nitric Acid
Collection by Filter Media

The effect of time is shown graphically in Figure 54. In all cases,
the filters exposed for 6 hours exhibit greater levels than those
for 2-hour exposures although with Fluoropore the increase is slight.

The ability of the different filters to form artifact nitrate from
nitric acid can be expressed in terms of the percent removal of nitric
acid from the air stream (EEE;E 52). The results indicate a range
from 1% (for Fluoropore) to 53% for Spectrograde in 2-hour exposures.
The average efficiency for filters removing > 20% HNO3 in two hours

is seen to decrease substantially in 6-hour exposures implying
saturation may be achieved in < 6 hours. Thus, extrapolation of
results given in Figure 5k to 2L-hour exposures is not generally
feasible.

The study of influence of relative humidity on gaseous HNO3 col-
lection was restricted to lower R.H. values since HNO3 forms an
aerosol above ca. T0% R.H. TFigure 5L shows the effect of changing
from 35 to 50% R.H.; absorption of HNO3 increases with all filters
except Gelman GA-1.

Nitric acid collection was studied in the temperature range from

7 to 35°C at constant relative humidity as is also shown in Figure 54.
Increasing temperature is seen to cause reduced HNO3 collection ex-
cept with Spectrograde filters for which the observed nitrate remained
relatively constant. If nitric acid collection is due to physical
adsorption or relatively weak chemical bonding on the filters, then

a decreased level of HNO3 collection with increasing temperature would
be expected as was, indeed, observed with all filters except
Spectrograde. The unusual temperature dependence with this filter
suggests a different mechanism for HNO3 collection, for example,
chemical reaction with the silicone resin coating. Any such reaction
must lead to products from which nitrate and/or nitrite is still re-
covered during aqueous extractions.
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Table 52

AVERAGE EFFICIENCY FOR HNO3 COLLECTICON (%)

Filter Two-Hour Exposures Six-Hour Exposures
: Fluoropore 1.1+ .1 0.5+ .3
Gelman GA-1 12.0 + .ok 10.6 + 1.3%°
Gelman A 9.7 + .6 T.bh + 1.3
¢ Whatman kil 21.9 + 1.7 10.7 + .8
'MSA 1106BH 35.4 + 2.9 17.6 + 1.1
EPA Grade ‘37.1 + 3.8 21.3 + .6
Spectrograde 52.9 + 4.6 2.3 + 1.9
( Conditions: 0.2 ppm HNOj
¢ 50% R.H.
22°C

37.4 epm (face velocity 47 cm/sec)

a. Increases to 36 + 18% at a 15.9 &pm flow rate (face velocity 20 cm/sec).

b. At 0.5 ppm HNO3, the efficiency was 9.5 + T.6%.
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Since reduction of nitrate to nitrite by reaction with the Spectrograde
filter's surface coating was one possible reaction pathway, filters
exposed to nitric acid were analyzed for both nitrite and nitrate.
However, no nitrite was detectatbtle from Spectrograde or any other fil-
ters. Thus, reaction with Spectrograde filters involving oxidation-
reduction reactions can probably be ruled out.
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VIII.

Laboratory Studies of Artifact
e
U _LJ-

Sulfate Formation on Filters Loaded with

Potential SO, Oxidation Ca

SLS

A.

Introduction

Various materials have bteen suggested or demonstrated to be effective
in accelerating the conversion of S0, to sulfate. Some materials
(e.g., Felll salts) appear to do so without, themselves, being chemi-
cally changed and thusly may be termed "ecatalysts" in the proper sense,
A second class of materiais {e.g., Cull salts) appear to serve as
oxidizing agents for sulfite to sulfate conversion, with reduction to
a lower oxidation state. If such materials were present and active

in atmospheric particulate matter with respect to oxidation of
adsorbed S0, (or S03~) then the level of artifact sulfate might be
enhanced over that due only to interactions between the filter media
and SO;. The present study included a relatively brief evaluation of
several materials pessibly active in yielding enhanced sulfate by
either or both mechanisms, inciluding combustion derived carbon,
vanadium dioxide, manganese dioxide, ferric oxide and cupric oxide.

It should be emphasized that the choice of the specific metal compounds
for study was made without knowledge of the correct oxidation states
and compounds actually present in ambient particulate matter.

Filters were loaded with, in general, realistic levels of the above
metal oxides as described in Appendix M. Except with carbon, both
Fluoropore and MSA 1106BH filters were used as supports for the
catalysts so the influence of such catalysts could be evaluated with
widely varying filter pH values. )

The study of carbon was extended to include evaluation of S0, oxida-
tion occurring on airborne carbon particles as well as those already
collected on filters.

Carbon as a Catalyst for S0, Oxidation

Experiments. were conducted in cooperation with Dr. T. Novakov and
co-workers of the Lawrence Berkeley Laboratory, to evaluate the
efficiency of combustion-derived carbon ("soot") in converting SO,
to sulfete with the carbon supported on filters. In addition, the
extent of sulfate formation on freshly generated, airborne carbon
particles was also determined. In no case was the extent of sulfate
formed measurably above the experimental uncertainty. Details are
given in Appendix N.

o

Iron, Vanadium, Manganese and Copper Oxides as SOp Oxidation Catalysts
. Q

The technique used to produce filters loaded with vanadium, copper
and iron hydroxide or oxide particles resulted in the formation of
ammonium nitrate on the Tfilters as well (see Appendix M). Filters
loaded with manganese oxide particles were produced by initially
loading filters with KMnO, particles and then reducing the permang-
anate to MnO; and/or MnyO3; with gas-phase formaldehyde. Thus, the
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filters may also contain potassium formate. Because ammonium
nitrate is hygroscopic, metal oxide-NH,NO; particles were cbserved
to grow. It is expected that on MSA filters, the aqueous phase
will wet the surface leaving behind the relatively insoluble metal
hydroxide.

The effects of the metal oxides on artifact sulfate formation were
studied in a series of laboratory exposures at both 50 and 90% R.H.
Zach run evaluated one metal oxide loaded on four L7 mm filters,
two Fluoropore and two MSA 1106BH filters. The remaining three
positions in the exposure system were used for blank filters. The
observed artifact sulfate with the catalyst loaded filters was
evaluated by comparison to the levels observed with the correspond-
ing blank filter in the same run (Table 53).

The results for the iron and vanadium oxides indicate lower artifact
sulfate values compared to the blank filters. This decrease is con—
sistent with partial masking of absorption sites on the fiiter by
either the metal oxide or ammonium nitrate. These results indicate
that neither these metal oxides nor ammonium nitrate enhance arti-
fact sulfate under the conditions studied.

With Cu0, a small enhancement was seen except with the MSA filter

at high R.H. For MnO,, an increase in observed sulfate up to 263 ug
per filter is seen. Relative humidity increases caused higher sul-
fate levels with both filters. However, in this case, the possible
formation of an alkaline co-product, potassium formate (hydrolysis
would produce KOH and the weak acid, formic acid) might be the cause
of increased retention of S0;.

To evaluate the extent of formation of alkaline co-products during
preparation of manganese oxide-loaded filters, Gelman A (pH = 7.6)
and MSA 1106BH (pH = 9.4) filters were spotted with an agueous
solution of KMnOy, alr dried in particle-free air and reduced with
formaldehyde. The pH values for the resulting samples are compared
to those prior to formaldehyde as detailed in Appendix O. The
results indicate a slight increase (A pH < 0.2) in alkalinity
ascribable to preparation of the manganese oxide which could pro-
duce as much as 34 ug artifact sulfate. Accordingly, most of the
enhanced sulfate levels, at least with MSA filter samples, may
reasonably be ascribed to the presence of the manganese oxide.

Possible reaction products from reaction of MnO, plus Mn,03 with
802 includeMnSOy and MnS;0g (manganese dithionate). The latter is
thought to be comparatively unstable with decomposition to the sul-
fate. Assuming only sulfate formation, an average of 91 pg Mn
would yield a maximum of 159 ug sulfate as MnSO,. Allowing an
additional 34 ug sulfate for that produced by iucreased alkalinity,
the total calculated value, 193 ug, is about 73% of the observed
maximum sulfate, 263 + 7 (on MSA 1106BH). Thus, a small degree of
catalysis of sulfate formation is possible. Considering the likeli-
hood of formation of other sulfur-containing products, catalysis is
considered unlikely, however. On Fluoropore, the average observed
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sulfate at 90% R.H., 70 ug is substantially less than tha: -orrespond-
ing to a stoichiometric reaction consuming all manganese.

These results with manganese oxides are consistent with the model
shown in Section VI. A., viz., the alkaline sites of the glass

fiber filter yield relatively high equilibrium concentration of SOg—
and the manganese oxide accelerates conversion of S03 to sulfate

by chemical reacticn consuming the oxidizing agent. The relevance
of these observations with manganese and copper to results in
armbient air remains questionable, however, since 1) the chemical
states of the metals in ambient particulates are unknown, 2} cor-
relation between observed sulfate and manganese or copper levels

in atmospheric samples cannot be tested because of low metals con-
centraticns, and 3) the metal loadings are higher (by up to a factor
of 10) than those observed in ambient air.

The results, however, do Jjustify additional studies to clarify the
role that such metals may play not only in artifact sulfate formation
but in atmospheric conversion of S0, as well. The use of manganese
as a fuel o0il additive to control fly ash particle size?3 recuires
careful evaluaticn for enhanced sulfate formation.

U
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- IX. Laboratory Studies of Artifact Sulfate Formation from Atmospheric

Particulate Plus Filter Media-S02 Interactions

A,

Introduction

Previous studies oFf artifact sulfate formation have unsuccessfully
sought evidence that interactions between S0, and particulate

matter could produce positive errors in observed particulate sulfate
values.!»2 Nevertheless, such studies remained inconclusive, in
part, because the zerosol was of ill-defined composition. There
remained the pessibility that filters loaded with particulate matter
collected at sites 1ikely to be enriched with SOp;- oxidation pro-
moting metal salts or oxides might contribute to artifact sulfate
formation.

Accordingly, in the present work, the atmospheric particulate matter
collected in Los Alamitos was used for study of particulate-S0;
interaction as it was enriched, at least during the afternoon with
particulates from the plume from the nearby Los Alamitos Power Plant.
Such particulate m=tter was demonstrated to have enhanced levels of
nickel and, at times, vemadium. It was also probably enriched in
small-particle ircorm oxides from fuel oil fly ash. Manganese levels
were below detectable 1imits, however.

An additional complication in such studies is the fact that the
particulate matter might already be saturated with SO; during field
sampling and thus Te unresponsive to additional 30, exposures. It
was repcried recently that water washing of certain materials (e.g.,
clay, cement) increased their SO, absorbing properties and, if done
after 50, exposure, restored the S0, absorbing capability of the
material.*® Accordingly., in the present study, the effect of water
washing particulate matter was also studied.

Particulate matter samples collected on both Gelman GA-1 cellulcse
ester, and MSA 11CHBH flter media were studied to evaluate any
interactive effect hetween particulate matter and filter pH.

Finally, the influence of storage time following SO, exposure on
observed sulfate was evaluated with several filter types. This
study was done sinze collection of 80, (as adsorbed SO; or sulfite)
is conceptually rewersible. Thus, 1f enhanced artifact sulfate were
observed (possibly due to sulfite) it might decrease with time.

Results

Table 54 summarizes results of the S0, exposure study in which
samples were analized within 48 hours of the exposure. Samples for
S0, exposure from Felman GA-1 LT mm samples were obtained by cutting
one 25 mm disc frem the filter, analyzing the overage for "Before
805" sulfate and exposing the 25 mm discs to SO2. The flow rate
used, 0.15 cfm, provided a face velocity equivalent to that of an

8 x 10" filter at 40 cfm.
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The results for the Gelwman GA-1 samples, expressed as mean values
for the samples used, indicate little or no change in observed
sulfate after exposure 1o either 0.1 or 0.5 ppm S0,.

The water washing of samples collected on Gelman A and MSA 1106RH
had the effect of eliminating nearly all the atmostheric sulfate
initially in the sample. After SO, exposure of the filter disc and
remaining particulate matter, the observed sulfate was not signifi-
cantly different from that prior to the exposure.

The sulfate observed on the water washed filters may be roughly
compared to the lewels found with clean filter-SO,; interaction in
6-hour exposures since, as shown earlier, saturation of filters with
S0; occurred in less than two hours. The value 11.9 + 9.3 for

Gelman A (per 25 mm disc) compares to 12.0 + 1.0 for the clean filter.
The vailue 5.9 + 3.1 for MSA 1106BH compares to 73.L4 + 2.1 calculated
from Table 40 for = 25 mm disc.* We conclude that, in contrast to
the low pH Gelmen & filter, water washing a high oH MSA 1106BH

filter lozded with =tmospheric particulate does not restore the SO,
absorbing capacity of the clean filter. This may releste to the
presence of water-imsolthble organics coating the glass fibers pro-
viding at least a short-term barrier to 30, contact with alkaline
sites. Further work iz meeded to explain this phenomenon.

Since no enhancement inm observed sulfate following SO, exposure was
observed in this study, no changes with time in observed sulfate

would be expected. Teble 55 details results of the storage time

study conducted over a itwo-month period. The results with samples
collected on four filter types, suggest an effect of storage in the
case of the MSA sample with 0.5 ppm S0, initial exposure. It was
previously shown that the sulfite/sulfate ratio is maximal for

high pH filters {such =z MSA 1106BH). Thus, loss of some sulfite

(as SOZ) may be involved. However, the failure to observe increased
sulfate with 2 water-washed MSA 1106BH sample vitiates this conclusion.

C. Conclusions

No evidence of artifact swlfate formation was found which can be
ascribed to particulate-S0, interactions. The presence of particu-
late matter and/or atmosgheric exposure of filter media to acidic
gases decreases the artifact sulfate formed due to S0,-filter inter-
action. This decrease may relate to partial masking of alkaline
sites by particulate matter or partial neutralization by acidice
gases during field sampling.

¥The S0,- exposed areas for 47 and 25 mm filters were 13.2 and 2.35 cn?,
respectively.
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X. Comparison of Atmosvheric and Laboratory Sulfate and Nitrate Results

A, Bulfate

Table 56 compares 2h-hour mean sulfate results for atmospheric
samples on six filter media to those obtained in laboratory studies
of artifact sulfate due to clean filter-S02 interaction. As pre-
viously discussed, EPA Grade filters were not available for the
field sampling. The laboratory results selected for comparison were
obtained at 50 and 90% R.H. and 0.1 ppm SOz, conditicons which were
considered the most relevent to ambient conditions of those studied.

Since the atmospheric results include both genuine particulate sulfate
as well as artifact sulfate, quantitative agreement between atmospheric
and laboratory results cannct e expected. However, comparing the
atmospheric and laboratory results, excepting for Spectrograde, the
ranking of observed sulfate js identical. Thus differences in the
extent of possible artitfact sulfate formation due to SOgp-clean Tilter
interactions provides at least a qualitative explanation for the
atmosvheric sulfate resuits.

Based upon the laboratory results obtained, atmospheric sampling
results for EPA Grade filters are expected to be similar to those
for MSA 1106BH.

Fluoropore filters displayed both negligible artifact sulfate in the
labvoratory and the lowest mean atmospheric sulfate level. Based on
these observations and the lack of measurable artifact sulfate ascrib-
able to SOs-particulate interactions, we conclude that the atmospheric
results on Fluorcpore samples provide'a close approximation to the
true atmospheric particulate sulfate (plus sulfite).

B. Nitrate

Atmospheric nitrate results are compared to nitrate results from
exposure of clean filters to NOp and to HNO3 in Table 57. .Comparing
relative results, the atmospheric values generally parallel the
artifact nitrate from HNOg exposures rather than from NO, exposure.
The mean atmospheric results calculated for MSA 1106BH represent
about 9 ug/m3 more than obtained on Fluoropore. This may be used

as an upper limit to the artifact nitrate found in field sampling.
The corresponding range of NO3™ from exposing clean filters to HNO03
for six hours was 119.5 ug/m3. As noted previously this value cannot
be extrapolated to 24 hours. However a lower limit estimate of the
o hour average artifact nitrate from nitric acid exposure (0.2 ppm)
can be made by assuming that after six hours no further collection
of pitric acid on the filters occurs. This leads to a 2h-hour value
of > 30 pg/m3 artifact nitrate.

The efficiency of collection of nitric acid on filter media at levels
close to those observed in ambient air (e.g. < 10 ppb.or 26 ng/m3)10
ecannot be estimated from the current studies which were restricted,

to concentrations above 200 ppb (520 ug/m3) by limitations in available
analytical techniques. As an upper limit, filters collecting 100%
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Table .56
"COMPARISON OF ATMOSPHERIC TOTAL SULFATE AND LABORATORY ARTIFACT
SULFATE RESULTS2

Results Relative to Gelman A
Laboratory with 0.1 ppm S0o

Filter Atmospheric (24-hr) 50% R.H. (2L-hr) 90% R.H. (6-hr)
b b y, €
Fluoropore, .lo-vol 0.72 + .06 < 0.02 0.04
b b e
Gelman GA-1, lo-vol 0.91 + .08 0.26 0.28
Whatman 41, hi-vol 0.65 + .05 0.43 0.34
Gelman A, hi-vol 1.00° 1.00% 1.00°
Spectrograde, hi-vol 1.2h + .03 1.13 1.7h
EPA Grade, hi-vol —— 3.4 5.1
MSA 1106BH, hi-vol 1.21 + .13 5.1 6.1

a. Except as noted, results at hi-vol flow rate (face velocity @ 47 cm/sec)
b. Results at 0.56 cfm (face velocity 20 cm/sec)

c. Mean concentration 6.5 ug S0, /m® for 1L episodes

d. Mean loading 55.5 ug SOy~ /filter or L.l ug 04 /m®

e. Only results at hi-vol flow rate (face velocity 47 cr/sec) available

f. Mean loading 67.6 ug SOy /filter or 5.0 ug S0y /m®
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Table 57
COMPARISCN OF ATMOSPHERIC TOTAL NITRATE AND LABORATORY ARTIFACT
NITRATE RESULTS®

QObserved Nitrate
Results Relative to Gelman 4

0.2 ppm HNO3 0.5 ppm NOp
Filter Atmospheric (2h-nhr) 50% R.H. 6-hr 50% R.H. 6-hr
£

Fluoropore, lo-vol 0.60 + .06° 0.14° 0*
Gelman A, hi-vol 1.00° 1.00° 1.00%
Whatman 41, hi-vol 1.1k + .06 1.h4h 0.93
Spectrograde, hi-vol 1.27 + .06 3.26 0.65

- . e ‘ e T
Gelman GA-1, lo-vol 1.29 #+ .21 2.06 0.88
EPA Grade, hi-vol — 2.86 1.06
MSA 1106BH, hi-vol 1.29 + .14 2.37 1.03

a. Except as noted zll results obtained at hi-vol flow rate {face velocity
@ 47 em/sec)

. Mean concentration on Gélman A 13.5 ug NO3 /m3 for 1k épisodes.
¢. Mean loading on Gelman A 516 ug Nb3w/filter or 38.3 pg NO3 /m3
d. Loadihg on Gelman A& 29.6 ug NQ3“Zfilter~or 2.2 ug NOg_/m3

e. Results at 0.56 cfm (face velocity 20 cm/sec)

f. Only results at hi-vol flow rate (face velocity L7 em/sec) available
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of the gaseous nitric acid approximated Tty = 24~hour mean
concentration of 3 prb¥*would show about 2 ug!ms artifact nitrate.
Improved estimation of the artifact nitrate formation due to nitric
acid in ambient air reguires both ambient nitric acid concentration
data and filter collection studies extended to lower nitrie acid
levels.

In contrast to ENO3, adsorption of NO, does not appear to provide
sufficient nitrate tc result in a range between filter extremes
equivalent to that in observed atmospheric nitrate results. As noted
in Section VII, the addition of ozone greatly increases artifact
nitrate in the system N0;-O5 with the high pH filters. The maximum
increase in artifact nitrete observed with 0.5 ppm ozone added to

0.5 ppm NO; at 90% R.H. was about 7 ug/m3 NO3~ (for MSA 1106BH).
While this mechanism may account for a portion of the observed
artifact nitrate, it is probable, considering the more usual atmos-
pheric levels of NO; and O3z, that it is generally a minor contributor.

*This is about one third of the mean maximum reported by Spicer,
West Covina.
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