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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or’
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract

This paper reports on the improvement and automation of a method of analyz-
ing ammonium sulfate particles collected on Teflon* membrane filters. The
filters were analyzed by transmission measurements using Fourier transform
infrared spectroscopy after collection with dichotomous air samplers. The
spectra of the blank filters are subtracted from the spectra of the loaded
filters and an integration of the 1000-1135 cm-l absorbance band for sul-
fate leads to a lower Mmit of detection of 0.2 ug/cmé on 37 mm 2 micron
Teflon filters. This corresponds to an ambient concentration of 0.1 ug/m3
for a 24 hr, 21.6 m3 air sample. Ammonium sulfate particulate standards
were prepared by sampling the output of a laboratory particle generator.
Concentrations were then determined by x-ray fluorescence analysis. An
automatic sample changer was constructed which accepts the filter carousel
from a Sierra/ Anderson model 245* automated dichotomous sampler. The
sample changer is controlled by the FTIR computer. The analysis is nondes-
tructive, automated, and requires no sample preparation.
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AMMONIUM SULFATE ANALYSIS ON TEFLON AIR FILTERS

Introduction

Sulfur in atmospheric aerosols is generally present in thé form of
ammonium sulfate. Ammonium suifate is important in visibility studies,
S0,-to-sulfate conversion processes, and health effects. It also com-
prises the major portion of the fine particle fraction (< 2.5 um) of
atmospheric aerosols.

1 which

Sulfur aerosols are collected with dichotomous air samplers
collect particles in two size fractions, < 2.5 um and 2.5-15 um particles
to reflect the bimodal distribution of inha]ab]e'particulafes in the
atmosphere. There have been two approaches to automating dichotomous
samplers for unattended sampling over time periods of days, weeks, or
months. One approach is the linear slide tray sampler developed at Law-
rence Berkeley Laboratory (LBL). Another approach is a rotating sampie
carousel. This second approach is incorporated in the Sierra/ Anderson
Series 245 automatic dichotomous sampler.

One means of analyzing the filters is elemental analysis with x-ray
fluorescence (XRF)Z. This is a nondestructive technique that measures
the mass of the elemental su]fuf on the filter. The chemical form of the
sulfur is ndt determined in this measurement although it is widely assumed
that it is predominantly ammonium sulfate.

Another means of analysis for ammonium sulfate is ion chromatography3.
This is a destructive technique that requires a wet chemical extraction of
the filters. It can detect as little as 0.5 ug of ammonium and sulfate

ions per sample with 10-12% error for ammonium and 5% error for sulfate.

The extraction procedure could alter the species found on the filter.
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With the shortcomings of the previous two methods in mind, an alter-
nate analysfs technique was sought that would be 1) non-destructive, 2)
sensitive, 3) could identify species collected bn the filter, 4) was amen-
able to automation, ana 5) required no sample preparation. W. A. McClenny,
et _al have shown that Fourier transform infrared spectroscopy (FTIR) is a

feasible approach4

. The goal of this present research was to determine
if the sensitivity and accuracy of the technique could be improved-for
ammonium sulfate analysis. In addition, the FTIR instrument was to be

configured for automated sample analysis.

Experimental Methods

The FTIR was a Nicolet model 5DXB* which is capéb]e of 2 wavenumber
resoiution. It is equipped with a 36 megabyte hard disk, a-1 megabyte
floppy disk, and 640 kilobytes of extra memory to provide adequate pro-
gramming and file storage space. It is also equipped with a flipper
mirror option to direct the infrared beam out of the main optical bench
and into- an automatic sample changer compartment containing the loaded
Sierra sampler filter carousel. The sample compartment was not enclosed
at the time of this study so no purging of laboratory air was possible for
these experiments. An airtight enclosure is under construction. Addition-
al sample focusing mirrors were mounted in the carouse]xcompartment to
direct the infrared beam through the Teflon filters and into the deuterated
triglycerine sulfate (DTGS) detector. The Teflon filters are placed in
circular filter holders which are in turn placed in the circular carousel.
The carousel holds 20 pairs of filters. The infrared beam covers an
approximately 15 mm diameter area on the Teflon filter to average any non-

uniformity in particle deposition. The filters are located as close to
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the detector as possible to increase the coi]ection of light that is
scattered by the filter. The carousel is mounted horizontally over the
DTGS detector. There is also sufficient space to install a mercury cadmium
telluride (MCT) detector if desired. A stepper motor rotates the carousel
to position the filters for analysis. Another stepper motor moves the car-
ousel horizontally to select either the inner or oufer concentric circle
of filters.

The Nicolet 1280* computer controls data collection, data storage, and
the positioning of the correct filter in the infrared beam. It communi-
cates to a microcomputer (BASICON model 2N, Portland, OR*) through an R5232A
interface. This microcomputer controls and monitors the carousel stepber
motors and microswitches and can be programmed in TINY BASIC or machine
language for control applications.

Laboratory ammonium su]féte was generated for calibration purposes and
to provide samples to study in the absence of soot and other compounds.

Air is passed through 1.4 kg of indicating Drierite* and a series of parti-
culate filters. This clean air is éhen used to aspirate a solution of
ammonium sulfate in water. Thevliquid particles are passed up through a
heater tube, a drying column, a Kr 85 particle deionizer, a fina} heating
tube, and then into the dichotomous air sampler inlet. The laboratory-
generated particles proguce an absorption spectrum that is identical to
that seen in actué] ambient samples. Scanning electron micrographs show
that the ]aboratory—genefated ammonium sulfate particles are on the order
of 2 microns in size while ambient ammonium sulfate particles are in the
0.1-1 micron range. There is also a humidifying option which was not used
in these experiments. The apparatus was designed by Roland Otto and built

with the help of William Searles at LBL.
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Two micron pore size Teflon filters (Gelman TEFLO PTFE* with poly-
methy]pentene support,ring) were placed in the Sierra Samp]ek filter
holders and into the carousel. Reference spectra of each blank filter
were automatically taken with the number of scans varying frbm 10 to 1000.
Each set of spectra for each filter were then stored on disk for future
use in background subtraction. The blank filters were then removed-from
the Sierra filter holders and put into the 2 by 2 in. filter slide holders
suitable for use in the linear slide tray of the LBL automated dichotomous
air sampler. A Sierra aufomated dichotomous air sampler was not available
for use. The Teflon filters wefe then loaded with laboratory-generated
ammonium sulfate with depositions ranging from Z—SO_ug/cmz. The filters
were ana]yzed'for total sulfur using x-ray fluorescence. They were then
removed from the filter slides and returned to the Sierra filter holders
for analysis.

. During actual air sampling, the Sierra automated dichotomous sampler
samples air with a total flow rate of 1 cmh with a flow rate of 0.9 cmh for
the fine particle fraction and 0.1 cmh for the coarse particles. Typical
sampling pekiods are 6, 12, or 24 hr which represents 5.4, 10.8, and

3

21.6 m” of sampled air on the fine particle filters.

Results

Figure'I shows an FTIR spectrum obtained from a 2 micron Teflon fil-

2

ter loaded with approximately 58.7 ug/cm® of laboratory-generated ammon-

ium sulfate. Figure 2 shows the spectra of a l-micron (solid line) and a

2-micron (dashed line) blank Teflon filter. The vibrational bands of

1 1

importance for sulfate are from 596-640 cm =~ with a peak at 620 cm™~ and

1

from 1000-1200 cm'lvwith a peak at 1116 cm ~. The'émmonium band of inter-

est is from 1300-1550 cm~! with peak at 1420 Cm'le Another ammonium band
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from 2400-3520_cm"1 was not used because it lies in an area of significantly
higher baseline noise levels. The ammonium band at 1420'cm'1 does not over-
‘lap any other band but it does lie in a regioh of maximum water absorption
which would indicate that the instrument should be purged of water vapor to
achieve maximum noise reduction for this band. Both sulfate bands overlap
Teflon bands in the regions 1150-1250 cm‘1 and 600-675 cm“l, The Teflon

1

band at 1116 cm -, below the two strongly absorbing Teflon bands, can

clearly be seen because of the relatively high loading of this sample. The

1

smaller sulfate band at 620 cm™~ can also be seen by careful comparison to

Figure 2.

Figure 3 is a graph of the mass loading in ug/cm2

as determined by x-ray
fluorescence versus the integrated areas of the ammonium and sulfate bands
after background subtraction using the blank filter spectra taken earlier.

A linear 1east'sduares line was fit to each set of data and a clear linear
relationship can be seen. The error in the s]opé and intercept for each
line was calculated and a lower limit of detection (LLD=3c) was determined
using a propagation of errors approachs. Table I shows the calculated

lower limits of detection for ammonium and sulfate on 37 mm, 2 micron

Teflon filters for each absorption band. The last column shows the equiva-
lent ammonium sulfate particulate concentration in air for a 24 hr sampling

3

period (21.6 m samp]ed'air). The data in Figure 3 represents 100 spec-

tral scans with the FTIR spectrometer.

Discussion
"Figure 4 shows the spectra of an actué] air sample taken in Portage;
Wisconsin (note the expanded scale). The ammonium sulfate peaks are

exactly the same as those found in the laboratory generated samples. This
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filter spectra represents one of the higher particulate concentrations
measured in this city with the majority of the measurements being much
lower than the concentration on this filter. Similar filter samples from
Steubenville, Ohio have much higher particulate concentrations the highest
having absorbapces.greater_than 2.0. On all air filter samples soot will
be found in the fine particle fraction and will be evident as a continuous
increase in the baseline of the spectra. No nitrate was found on any of
the filters from Portage or Steubenville. Ammonium nitrate particles gen-

erated on our particle generator show a prominent nitrate peak at 1340 cm'1

overlapping the ammonium peak at 1420 cm'l

828 cmL.

and a weaker nitrate peak at

This technigue will not work for glass fiber filters, paper filters, or
Nylasorb* filters because these materials cause too much scattering and
absorption. Two micron Teflon filters (Gelman TEFLO PTFE with polymethyl-
pentene support ring) are preferred to 1 micron filters because of their
lower absorption. The highest absorption peak for the 2‘micron filters
represents approximately 10-15% transmission while those for the 1 micron
filters are totally absorbing. Teflon filters also have a remarkably
simple absorption spectrum (see Figure 2). The 2 micron filters have the
same collection efficiency as the 1 micron filters.

1 sulfate band the provides the best mea-

Integration of the\1116 cm™
sure of ammonium sulfate. Analysis of the sulfate bands requires subtrac—
tion of the blank Teflon filter spectra from the spectra of the same filter
after particulate co]]ectiqn in the air sampler. Background subtraction is
not an entirely straightforward technique. Subtraction of absorbance -bands

is extremely sensitive to slight distortions in the spectral data. The

subtraction of two spectral files with small differences in absorbance band
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shapes can result in derivative-like noise far in excess of what would be
expected simply by propagation of errors in the subtraction process. This
effect can negate any signal-to-noise improvement obtained by increasing
the number of scans on the data. Figure 5 illustrates this effect clearly
by showing the result of an uneven subtraction of the two Teflon peaks at
1135-1250 cm—l. This subtraction was performed on two spectra of the
same blank filter after 1000 scans for each spectra. Spectral distortion
may be related to light scattering effects on the detector that result from
moving the filter into and out of the infrared beam between spectrai scans.
The subtraction artifacts can be worse if the spectra from two different
filters are subtracted from each other because there can be significant
absorption variability between filters. As a result of these "subtraction

1

problems", the sulfate peak at 1116 cm -~ was integrated in the region

from 1000-1135 cm'1

which is in a region removed from the subtraction
.artifacts due to the large Teflon absorption peaks.

fhe baseline noise will improve with the square root of the number of
scans that are averaged. The number of scans used has to be weighed
against the 1.5 sec needed per -scan. The ana]ysis for 100 scans requires
about 3.5 min per filter while that for 1000 scans requires almost 27 min.
The scan speed can be increased by decreasing the reso]ution of the scan
but this would lead to-greater subtraction problems. An MCT detector is
both quieter per scan and has a greater scan speed at the same resolution
but it has less dynamic range than a DTGS detector. This could lead to

subtraction problems as well. An MCT detector has not yet been thoroughly

tested for this application.



Conclusions

Fourier transform infrared transmission spectroscopy can provide an
accurate and sensitive means of quantifying ammonium sulfate deposition on
2 microh Teflon filters. A necessary requirement, however, is that refer-
ence spectra be obtained and stored before sampling to be used in back-
ground subtréction. Further increases in sensitivity may be possible with
the use of a mercury cadmium telluride detector. If analysis time is not
a consideration, then increasing the number of scans should decrease the
lower 1limit of detection. The instrumentation is automated and no sample
preparation is required. Specific species can be observed by the presence
and identification of absorbance peaks in the spectrum. The analysis is
nondestructive.

Further work will consist of analyzing actual air samples and compar-
ing these results with analysis by x-ray fluorescence and ion chromato-
graphy. Work will proceéd toward quantifying the mass loading of soot as

we]l.
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Table |

Lower Limits of Detection

Ammonium Sulfate

‘Filter concentration 24 hours, 21.6 m® sample

pg/cm? pg/m’
170 . 086
0.20 0.10

0.15 0.20
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50 scans 58.65 (2.48) mass ammonium sulfate 8
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Figure 1. 70 ug/cm ammonium sulfate on a 2-micron Teflon filter.
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Figuré 4. High ammonium sulfate loading for Portage, Wisconsin.
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1000 scans
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Figure 5. Subtraction artifacts due to blank Teflon filters.
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