trace metal associations
in urban airborne
particulates'
Abstract

Air pollution monitoring for trace elements in aerosols
should seek to determine which elements are pollutants,
where they go, and whether they may cause undesirable
effects. Several sampling and analysis schemes and auxiliary studies, carried out within and remote from the
Chicago area, are reviewed here and are evaluated for
their possible inclusion into larger national air monitoring programs. Initially, an approximate elemental
emissions inventory for the urban region was calculated
from available published information and was used to
account for contributions from major pollution sources.
A multi-station study of urban and non-urban near surface air led to discovery of certain elemental correlations useful in distinguishing pollution from regional
background and in tracing long distance transport of
pollutants. Particle size distributions gave insights concerning types of processes at pollution sources and identification of unsuspected sources. Diurnal variations suggested meteorological factors which may regulate concentrations in air. Auxiliary laboratory studies can confirm mechanisms for alteration of aerosol composition by
chemical reactions in the atmosphere. For certain elements, e.g., some non-metals and semi-metals, anomalous
natural sources at the sea or land surface must be further
documented before long distance transport from localized pollution sources can be quantified.
1. Introduction

Our urban air monitoring efforts are currently being
stepped up, and it is becoming increasingly desirable to
design monitoring strategy for maximum information
about air pollution processes at sources and during transformation and transport in the atmosphere. This is particularly true for aerosols carrying trace metal pollutants,
many of which are of direct public health concern. If
monitoring is successful, we should be able to determine
what the important pollutants are, where they go, and
whether undesirable effects may be caused. In this paper
we will review the efforts of my colleagues and myself,
drawing particularly on work done at the University of
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Michigan with focus on the Chicago area, where we
tested several sampling and analytical schemes and auxiliary studies for maximizing information about sources
and transport of trace elements in aerosols. Let us critically examine the results of these pilot studies and seek
to determine if some of the schemes are sufficiently
promising to be incorporated into larger national trace
element air monitoring programs.
2. Elemental emissions inventory

In the evaluation of processes at aerosol sources and for
trace element transport on an urban scale it is critically
important that all observations be linked to some prior
prediction scheme. By comparing observations with prediction, and modifying the predictive scheme as necessary, the end result may be reliable forecasting of air
pollution and intelligent regulation to assure good air
quality.
A simple prediction that may be made early in an
aerosol trace element study is the estimation of the
various elemental emissions from the major sources in
the study area. Then, by comparing the emissions inventory with measurements, we may achieve verification
that all important sources have been identified. S. K.
Friedlander and associates have used this approach in
the Los Angeles basin. In our own work (Winchester and
Nifong, 1971), we estimated the emissions of some 30
elements into the atmosphere of the greater Chicago area
from fuel combustion in stationary and transportation
sources and from metallurgical and other industry. The
inventory calculation was remarkably successful, even
though the published data on which the estimates were
based were incomplete in many respects. Some discrepancies between the inventory and published analyses of
the National Air Sampling Network were later resolved
once a neutron activation area-wide study was completed (Harrison et al., 1971; Dams et al., 1971b). By
comparing observations with the prior elemental emissions inventory, biases in the NASN data were found
resulting from nonrepresentative sampling locations and
in some instances analytical error. We believe that the
best possible elemental emissions inventory should be
prepared for a study area before final decision is reached
2

2

Personal communication.

Vol. 54, No. 2, February 1913
Unauthenticated | Downloaded 01/09/23 05:52 AM UTC

Bulletin American Meteorological

Society

in the detailed sampling strategy for field tests or monitoring networks.
3. Area-wide variations

Trace element components of urban aerosols may originate from natural sources in the region as well as localized pollution sources. In evaluating the contributions
of various sources and the transport of aerosols from
them, aerosol sampling and high precision chemical
analysis can produce useful results of three kinds: areawide concentration variation with location at nearground sites, particle size distribution of the elements at
varying distances from the major sources, and diurnal
variations of element concentration with meteorological
parameters at certain selected locations near the ground.
It may also be useful to conduct sampling higher in the
atmosphere from aircraft, although this has not been
thoroughly evaluated.
An area-wide survey may be made using routine
sampling apparatus and locations available in most
urban monitoring networks. We have found (Harrison
and Winchester, 1971; Langford et al., 1972) in a study
of Pb, Cu, and Cd in the Chicago area that a) over most
of the study area the relative elemental abundances
could be accounted for by their major pollution sources,
combustion of gasoline and coal, but b) there must be an
anomalous pollution source of Cu in or near East Chicago, Ind., to account for the very high concentrations
observed at several sampling locations in this small
region. This latter result has since been confirmed by
neutron activation (Harrison et al., 1971), but it was
totally unexpected when this research was initiated. We
conclude that these three elements are mainly derived
from pollution sources distributed widely throughout
the study area, except for Cu which has an additional
pollution source highly localized in one small region.
We expected that wind direction and speed would
influence the degree of long-range transport and the
concentration isopleths of individual elements, although
in a series of six 24-hr synoptic studies in the greater
Chicago area (Harrison and Winchester, 1971; Langford
et al., 1972) we found that Pb, Cu, and Cd apparently
varied more because of variations in source strength
pattern than wind direction average over that long time
gate.
We next conducted a 25-station study of the northwest Indiana industrial area, including some rural stations so as to assess natural terrestrial sources for some
of the elements measured. The samples were taken simultaneously during a 24-hr period and were analyzed
for 30 elements by neutron activation (Harrison et al.,
1971). The analytical data were studied by computer
techniques (Dams et al., 1971b) so that certain conclusions could be reached which were not apparent by
qualitative inspection of the data. By the computer a
systematic search was made throughout all the data for
element pair correlations, and it was found that certain
element pairs, e.g., Sc-Co and Zn-Sb, were in nearly the

same ratio at all stations, and that other element pairs,
e.g., Fe-Co and Ca-Mg, were likewise in the same ratio
at all stations except one, located by the computer
treatment to be station 13. Moreover, by computer we
could look for larger clusters of tightly correlated elements. Some of these, e.g., Zn-Sb-Cr and Sc-Co-Th-Ce,
in principle may serve as tracers of aerosol transport
over long distances. If such associated elements have a
concentration high strongly associated with the urban
study area, we suspect mainly a pollution origin, but if
the concentration variation over urban and rural sampling locations is slight, we suspect mainly natural regional area sources. In certain cases, however, elements
which may be in both gaseous and particulate form, e.g.,
some semi-metals and non-metals, atmospheric residence
times may be long and area-wide concentration variations may be slight even though pollution is a source.
Additional information is needed to resolve such uncertainties.
4. Particle size distributions

A second kind of information that may be particularly
valuable for inferring source types and trace element
transport is particle size distribution. As an example
from the northwest Indiana industrial area (Dams et al.,
1971a), samples taken by a seven stage Andersen sampler cascade impactor were analyzed by neutron activation. Some elements, e.g., Fe, Cr, Cu, Al, Ca, Mg, were
found on large particles and probably enter the atmosphere as components of dispersion aerosols, formed
perhaps during crushing of solid materials in industrial
operations or naturally by the actions of wind on soils.
Other elements, e.g., In, Zn, As, Sb, were found on
much smaller particles and may enter the atmosphere as
components of aerosols formed during the condensation
of vapors at high temperatures. In this example, Zn and
Sb have quantitatively the same size distribution and
may be components of the same individual particles.
The associations earlier found in the area-wide survey
together with this result suggest the possibility of using
both overall concentration correlations and particle size
distributions as criteria for identifying aerosols from
specific sources. If this could lead to establishing a
"fingerprint" method of following transport of heavy
metals and other elements of public health interest over
long distances, we may have a valuable complement to
other atmospheric tracer techniques. This aspect should
be pursued with high priority in the application of these
methods to any urban study area.
5. Diurnal variations

A third observation of value in tracing the movement
of the elemental components of aerosols from their
sources is diurnal variation with a 1- to 2-hr time gate.
If concentrations are followed by taking aerosol samples
over short intervals during a several day period, we may
investigate the balance between dispersion through the
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atmosphere and removal at the ground as alternate
means of trace metal transport. In a rural Michigan
location (Rahn et al, 1971a) the onset of fog at night
was correlated with a marked decrease in concentration
of certain elements, probably by increased settling due
to fog droplet growth. Singular elements were found,
however, notably Br which showed a spectacular rise
after dawn, and showed clearly that its source was
mainly the lead halide automotive emissions from nearby traffic. In another study (Rahn et al, 1971b) cyclic
patterns of samples collected every two hours in the
Livermore Valley, in California, for 58 hr showed three
distinct patterns: Na and CI associated with sea salt,
Br associated with automotive sources, and a group of
12 additional elements showing considerable coherence
but different from Na, CI, and Br. The diurnal study
establishes this group of elements as non-marine in
origin.
6. Chemical reactions of aerosols

In addition to sampling and analysis according to the
strategies outlined above, information on the natural
and pollution sources of trace elements can be increased
if the chemistry of aerosol transformation is considered.
Three types of results found in our own work are: the
correlation of lead and halogen composition in urban
aerosols, the interpretation of halogen composition of
marine and pollution aerosols by computer modeling
theory, and the study of anomalous enrichments of certain trace substances in aerosol droplets formed during
bubble bursting at the sea surface.
Lead and halogen composition was studied (Winchester et al, 1967) in a region where marine sources
of halogens were probably very low and confirm an
earlier finding (Lininger et al, 1966) that the ratio of
pollution Br/Pb in the aerosol is several fold lower than
in the gasoline precursor. Apparently (Robbins and
Snitz, 1972) most of the Br loss takes place in the atmosphere shortly after aerosol emission from an automotive source at a reproducible rate independent of light
intensity. Once the pollution aerosol Br/Pb ratio is
established for a region, it can be used as a tracer for
distinguishing between natural and pollution sources of
both Pb and Br in a region (Wesolowski et al, 1971).
Computer modelling of aerosol reactions should be
attempted when data are of high quality and simple
mechanisms are suspected. One approach (Robbins,
1970; Robbins and Snitz, 1972) was pursued for interpreting the composition of natural marine aerosols and
of pollution lead halide aerosols in terms of gaseous diffusion of reactive substances in the vicinity of the individual particles. The papers illustrate the degree of
precise treatment of the data which can be attempted,
and questions raised by the findings may be made the
basis for further observations and experiments. Even
when particle size distributions are variable because of
atmospheric chemical reactions, they may be explained
quantitatively, and the data then become useful in fol-

lowing dispersion from natural or pollution sources. We
suspect that marked particle size distributions such as
found for Zn, Sb, and other elements in northwest Indiana (Dams et al, 1971b) may warrant similar theoretical
treatment.
Anomalous enrichments in marine aerosols have been
demonstrated for phosphate incorporated into droplets
formed during bubble bursting (Maclntyre and Winchester, 1969) and may occur with other trace substances of public health interest. In urban aerosol research we must evaluate the relative importance of natural and pollution sources in the urban atmosphere,
and a proper understanding of the sea surface as a
source is important, particularly in cities near the sea
coast. The relative enrichment of phosphate on aerosol
droplets of certain sizes may be hundreds of times
greater than in sea water, but for other elements we
have very little information, although it has recently
been reported (Duce et al, 1972) that sea surface films
are considerably enriched in several trace metals compared with sea water. Further research is urgently
needed to evaluate the marine aerosol contribution to
the trace metal content of coastal urban atmospheres.
Since a large contribution is a possibility, wise air quality regulatory decisions are difficult to make without
this research.
Anomalous enrichments of trace elements in natural
aerosols over land may also occur, and this is apparently
appreciable for certain elements (Rahn and Winchester,
1971; Rahn, 1971), e.g., Zn, As, Sb, Se, according to a
preliminary examination of this problem by sampling
in remote areas of Canada. The processes for atmospheric enrichment are not yet known, but in our current research we are weighing the alternatives of natural
emanation processes from soils, general atmospheric enrichment due to sea surface processes and long range
transport, and large scale pollution processes, e.g., smelting, coupled to long range transport through the atmosphere. A resolution of this problem is important in
judging the degree of impact of man's introduction of
trace elements to the atmosphere on global atmospheric
composition as well as in designing our urban air pollution monitoring programs.
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announcements
Action now for technology

The National Action Conference on Intergovernmental Science and Technology Policy has released a new publication
containing resolutions recommended by conferees. "Action
Now Partnerships: Putting Technology to Work" presents
the challenge of using science and engineering to develop
public technology to strengthen the economy and improve
the quality of life in communities and regions. The goal of
the National Action Conference was to identify actions
essential now to formulate national policies for effective use
of public and private resources.
Among the resolutions recommended by the Conference is
one which urges immediate appointment of state and local
representatives to science and technology councils. Another
supports strengthening state and local government through
applied science and engineering via new, expanded federal
education and manpower programs encouraging provision of
technical staff and science advice to state and local executive
and legislative bodies. The Conference also supported
federal-state-local partnerships in applied research and development, new institutional arrangements in public service,
and using federal laboratories in domestic programs. Making
technology available to all was another goal urged by the

Conference, as well as utilizing public interest groups as a
vehicle for action.
Copies of the report and the full proceeding may be obtained on request from: The Pennsylvania Office of Science
and Technology, Department of Commerce, Room 400, South
Office Building, Harrisburg, Pa. 17120.
Sea grant proposal procedure

Scientists, administrators, and others thinking of submitting
a proposal for Sea Grant support should first obtain a new
brochure released by the National Oceanic and Atmospheric
Administration. The brochure, The National Sea Grant
Program—Program Description and Suggestions for Preparing Proposals, describes the National Sea Grant Program,
including its policies and basic operating procedures. In its
56 pages it also tells prospective proposers how to prepare
and submit a Sea Grant proposal, and brings together the
essential Department of Commerce and Sea Grant provisions
and rules under which grants are made so that they may be
available to proposers for incorporation by reference in proposals.
The brochure may be obtained, free of charge, by writing:
NOAA, Office of Sea Grant, Rockville, Md. 20852.
(More announcements on page 115)
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