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Abstract-A novel method of monitoring atmospheric particulates in urban environments, a 
microsp~trophotomet~ technique is described for the analysis of a set of nine impactor 
sampies of atmospheric dust collected near the surface from an urban environment in El Paso, 
Texas, U.S.A. The sample from each of the six stages is ~rn~dd~ in a Kerr micro~lIet which 
is analyzed spectroscopically. The analysis revealed a composition and a transition of com- 
position with respect to particle size that was surprisingly close to that of similarly fractionated 
samples taken from an isolated mountainous site 120 km to the northeast of El Paso. The 
composition data illustrated a transition from a silicate and carbonate dominated Jung& 
giant particle fraction (> 2.0 pm dia.) to an ~onium sulfate dom~nat~ large particle 
fraction (between 0.3 and 2.0 pm dia.). The results of the study demonstrate the value of the 
method used in the detection and identification of the persistent presence of low concentra- 
tion atmospheric particulates and suggest its use in monitoring urban environment. 

INTRODUCTION 

THIS study describes a method of sampling, preparing and analyzing atmospheric 
particulates using commercial equipment in a novel approach. The sampling device 
used is a six stage Andersen impactor which fractionates the sample into six particle 
size ranges. The six sample fractions are then removed from the impactor and each 
embedded in a KBr matrix which is compressed into a micropellet of 1.5 mm dia. 
The mi~ro~llets are analyzed with a dual beam infra-red grating s~trophotometer 
provided with a six power beam condensing unit. Identification of the components is 
made by comparing the absorption spectra with the spectra of known samples. This 
study details the procedure of the microspectrophotometric technique utilized in 
obtaining full scale, high resolution infra-red absorption spectra from microgram 
quantities of atmospheric dust. It also summarized the results of the investigation of 
infra-red spectra from nine sets of impactor samples of atmospheric dust taken over 
industrial, commercial, and residential areas within the metropolitan area of El Paso, 
Texas. Qu~itative statements as to the presence of the various constituents according 
to their particle size are presented together with comments on the variation of the 
atmospheric particulate composition from samples with respect to particle size. 

EXPERIMENTAL PROCEDURE 

Nine sets of atmospheric dust samples were collected at 5 km intervals along an 
east-west line from commercial, high population density residential, industrial, and 
low population density residential environments within the central urban area of 
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EW MEXICO 

EL PASO AREA 

Frc. 1. El Paso and Muie Peak Site Locations. 

El Paso, Texas (shown, respectively as site 4, 1, 3 and 2 in FIG. 1). Six stage Andersen 
impactors (ANDERSEN, 1966) were used to automatically size-fractionate each sample 
collected into six particle sizes ranging from 0.3 to greater than 10.4 pm in dia. 
Careful calibration of the six stages is presented by FLESCH et al. (1967). The atmos- 
pheric air was drawn into the sampler at a rate of about 1.7 m3 h-’ and through a 
series of jets toward a series of six 8.26-cm dia. glass plates with the particulates 
settling on each plate. All samplers were placed atop a one story building (about 6 m 
above the ground) except for the commercial location where the sampler was placed 
atop of a two story public building. 

The nine atmospheric dust samples were taken during the dry and windy months 
of March and April 1971 according to the schedule listed in TABLE 1. Both day and 
night-time samples were taken with the majority cotlected during 12 daylight hours. 
The daytime samples cover the early morning hours with the beginning of traffic, 
power generation, and other industrial activities and the early evening hours to include 
the returning heavy traffic. 



Infra-red Spectroscopic View of Atmospheric Particulates 

TABLE 1. SAMPLING SJXES AND SCHEDULE 
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Site descriptions 

Residential area 
high density 

Residential area 
low density 

Industriai area 

Commercial area 

16-17 March, 1971 
17-18 March, 1971 
19 March, 1971 

25-26 March, 1971 
26 March, 1971 

5 April, 1971 
12 April, 1971 

5 April, 1971 
12 April, 1971 

Sample date Sample number 

I 
2 
3 

4 
5 

6 
8 

7 
9 

Sampiing period 

1800-1800 
1800-0600 
0600-1800 

1800-0600 
060&1800 

0700-1900 
0800-2000 

0700-1900 
0800-2000 

All Andersen impactor samples were carefully unloaded in a clean work station 
for the preparation of the particulate sample. As described by BLANCO and HOIDALE 

(1968) the sample was removed by first adding about 4 mg of KBr onto 
the glass plate of the impactor and the small crystals carefully rotated over the 
desired area to remove the dust sample impacted on the glass plate to mix with the 
sample without causing structural changes or inducing chemical change. About 
2.3 mg of the matrix and sample is then placed in an ultra-micro die and pressed into 
a transparent pellet with a diameter of 1.5 mm. The principal advantage of the use of 
the micropellet is to minimize the amount of the KBr matrix relative to the sample. 
Next, the pellet was placed in the sample area of a six power beam condenser used 
with the spectrophotometer in order to provide a maximum of radiant energy incident 
upon the entire pellet. A reference beam attenuator was used with the double beam 
Perkin-Elmer 521 grating infra-red spectrophotometer operating in the region of 
4000-250 cm-’ to obtain all infra-red absorption spectra. The instrument was flushed 
with dry nitrogen to avoid superimposing atmospheric HZ0 and CO, absorption 

Wavelength, pm 
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FIG. 2. Identification of silicate minerals, quartz and kaolinite in an absorption spectrum 
of atmospheric dust. 
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bands in the dust spectra. The KBr micropellet technique afforded good reproducibility 
of the spectra, needing less than 2 h for the preparation of the micropellet and running 
the spectrum. The spectrum (FIG. 2) of a dust sample contains the combined effect 
of the dust composition, the KBr matrix, and the instrumental error. The identifica- 
tion of a complex dust mixture using infra-red spectroscopy is accomplished by a direct 
absorption band comparison technique. This technique is illustrated in FIG. 2 where 
the silicate minerals, quartz and kaolinite, are positively identified by their charac- 
teristic absorption bands. The components identified are determined by only those 
minerals or compounds which possess a number of significant characteristic absorp- 
tion bands within the 4000-250 cm-’ spectral range and which occur in concentrations 
high enough for detection. Sodium chloride cannot be identified by this method because 
of its complete lack of absorption bands within the spectral range. Other minerals 
with absorption bands within this region may also be unidentifiable because of over- 
lapping by stronger absorption bands from other components. 

SPECTRAL ANALYSIS 

Examination of the absorption spectra from the dust samples revealed five major 
chemical families and a variation in components with respect to the particle size 
fractions in the samples. By the direct absorption band comparison technique the 
components identified among both giant and large fractions from the nine sets of 
infra-red absorption spectra are the silicates, quartz and three clay minerals-kaolinite, 
montmorillonite and illite; the carbonates, calcite and dolomite; the nitrates, sodium 
nitrate and possibly potassium nitrate; the sulfates, ammonium sulfate, gypsum, 
mirabilite, and thenardite; and the hydrocarbons. The silicates, carbonates, and hydro- 
carbons were always present in the giant and large fractions; however, the nitrates 
and sulfates were sporadically identified in both fractions. TABLE 2 gives the frequency 
of identification for each member of the five chemical families in the nine atmospheric 
dust samples. The transition of the composition of the atmospheric particulates with 

TABLE 2. FREQUENCY OF IDENTIFICATION AS A FUNCTION OF A PARTICLE SIZE FOR EACH MEMBER OF 
THE FIVE CHEMICAL FAMILIES* IN THE NINE ATMOSPHBRIC DUST SAMPLES. NUMBER OF SAMPLES CON- 

TAINING A GIVEN CONSTITUENT IS INDICATED BY THE NUMBER IN THE APPROPRIATE COLUMN 

Silicates Carbonates Hydrocarbons Nitrates Sulfates 

Stage QKaMI CD H K Na A Mi T G 

G 1 9 9 1 9 2 9 4 4 1 3 2 
I 2 9 9 1 3 9 2 9 5 5 1 2 3 
A 3 9 9 2 9 1 5 6 1 1 5 
N 4 9 9 2 9 5 7 2 3 
T 

L 
A 5 9 9 2 9 
R 6 9 9 4 3 9 
G 
E 

9 
9 

5 7 3 1 1 2 
4 5 9 

* Q-quartz; Ka-kaolinite; M-montmorillonite; I-illite; C-calcite; D-dolomite; H-hydro- 
carbons; K-potassium nitrate; Na-sodium nitrate; A-ammonium sulfate; Mi-mirabilite; 
T--thenardite; G-gypsum. 
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respect to particle size is then illustrated by FIG. 3. By stage 5 (0.35-1.5 pm in dia.) 
the encroachment of ammonium sulfate begins with the appearance of absorption 
bands at 3203, 1399, 1108 and 618 cm- I. The carbonate (1433 cm-l) band from the 
first to the sixth stage remains a strong band and interferes with the appearance of 
the 1399 cm-l sulfate band. Generally, by stage 6 the silicate (1028 cm-l) absorption 
band is no longer the strongest band. All sets of samples revealed the presence of 
ammonium sulfate in the large particle fraction and never in the giant particle fraction 
of the sampie. 

In general, the composition of the samples collected from the four different environ- 
ments within the urban area were identical. However, from the two* sets of simul- 
taneous samples 6-7 and 8-9, dolomite (magnesium carbonate) was not identified 
in either of the two samples (7 and 9) taken from the central business district, and it 
was never identified in the large fraction of the other samples. Gypsum was not 
identified in the two industrial district samples (6 and 8). Another result from the 
composition data with respect to site locations was that the ammonium sulfate 
absorption bands became strong bands as early as the fifth stage (FIG. 3) in both 
samples collected from the low density population residential district which was the 
furthest site from the central urban area. 

I >,,,.,.. C,‘.. . .,,,, 
4M)o 3500 jooo a 23x 2&"""+""" ,*I I500 IO00 500 250 

Frequency, cm-i 

FIG. 3. Xnfra-red absorption spectra of atmospheric dust collected with an Andersen impactor; 
sample 5 with stage l-6. 

The absorption band positions from the first four stages in the nine sets of samples 
are basically identical to the representative infra-red absorption spectrum of 287 
atmospheric dust samples which were physically dislodged from the surface of a 
0.8 pm pore diameter membrane filter and taken over the Tularosa Basin (HOIDALE 
and BLANCO, 1969). The composition of the giant portions of the samples collected 
over the urban area is therefore surprisingly close to that of samples collected over 
the adjacent interior desert basin and also to that of the giant portions of the samples 
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from a remote mountainous terrain at Mule Peak located 120 km to the northeast. A 
comparison of the relative quantitative results from these three studies are tabulated 
in TABLE 3, In the mean the silicate band was always more than twice as strong in 

TABLE 3. COMPARISON OF THE MEAN SILICATE/CARBONATE RELATIVE PER CENT ABSORPTION 

RATIO BETWEEN MOUNTAINOUS, DESERT, AND URBAN AREAS 

Andersen impactor stages 

Sites 1 2 3 4 5 6 Mean 

Mule peak 

WSMR 
Desert basin 

EI Paso 

2.4 

1.2 

2.4 2.2 2.4 2.6 2.0 2.3 

Non fractionated samples 2.3 

I.2 1.2 I.3 1.3 1.4 1.3 

per cent absorption as the carbonate band for the mount~nous and desert environ- 
ments, This may be interpreted as the silicate minerals having a higher mass concen- 
tration than that from the carbonate minerals. For the urban samples in the mean the 
silicates were slightly stronger than the carbonates. The giant fraction was dominated 
by silicates and carbonates. As for the large particle composition, the transition was 
identical to that noted from similarly fractionated samples from Mule Peak. The 
significant change in the particulate composition in going from giant to large particle 
sizes is the appearance of ammonium sulfate and it becomes the dominating corn, 
ponent. 

SUMMARY 

This infra-red spectral analysis includes those components which possess a number 
of characteristic absorption bands within the 4000-250 cm-” spectral region. The 
data gives the general composition and hints on the components’ relative abundance 
within the four selected locations in the El Paso Metropolitan Area. The study 
demonstrates clearly the value of the method used in the detection and identification 
of components in the urban atmospheric environment when the concentration is 
very low but whose presence persists for several hours or more. It is suggested that the 
method be used on a routine basis for monitoring environment where the appearance 
of certain low concentration aerosols can cause problems. 
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