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Nanostructures in gas suspension grow by clustering of atoms and radicals, by surface condensation, and by agglomeration. We show that
photoelectron spectroscopy may be performed on nanostructures in their natural gaseous environment, that is, without application of a
vacuum or precipitation onto a substrate. Moreover, the photoelectric yield induced by pulsed lasers delivers a fingerprint of the bulk and
surface properties and their dynamics. The most important applicaiion is 1o the nanostructures formed in combustion of fossil fuels found
abundantly in the air in which we live. These nanostructures are important to the physics and chemistry of the atmosphere and furthermore
act as vehicles transporting a number of dangerous compounds deep into the human respiratory tract. We show how such particles may be
identified according to their source and measured with portable sensors. We also present data taken in several large cities around the globe
and quantify the impact on human health.
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Las nanoestructuras en suspension gaseosa crecen por acumulacién de dtomos y radicales, por condensacion de superficies y por aglom-
eracion, esto es, sin la aplicacion de un cierto vacio o bien por precipilacion sobre un substrato, Mds aun, la corriente fotoeléctrica inducida
por pulsos de rayo laser suministra una caracteristica de huella digital de las propiedades de volumen y de superficie y de su dindmica.
La aplicacién mds importante se tiene en las nanoparticulas provenientes de la combustion de hidrocarburos de fdsiles, que se encuentran
abundantemente en el aire en el cual vivimos. Estas nanoestructuras son importantes para la fisica y la quimica de la atmosfera y ademas
actian como un vehiculo de transporte de un cierto nimero de compuestos peligrosos hacia las regiones profundas del aparato respiratorio.
Mostramos cdmo tales particulas pueden identificarse segiin su origen y cuantificarse mediante sensores portdtiles. Presentamos igualmente

muestreos tomados en varias metrépolis alrededor de nuestro globo terrestre, cuantificando su impacto en la salud humana.

Descriptores: Nanoestructuras y salud humana

PACS: 94.10.Fa

1. Introduction

Particles suspended in gases may be divided into micropar-
ticles and nanoparticles. Microparticles are visible because
they scatter the light with great efficiency, they impact on ob-
stacles around which the gas carrying them is following, and
they may be removed in electrofilters. However, the nanopar-
ticles are hardly visible because they scatter the light only
very weakly, and they follow the stream lines of the carrier
gas, hence do not impact on obstacles at atmospheric gas
pressure. Their removal must relie on diffusion to surfaces,
hence a particle filter has to be constructed very differently,
unfortunably, the inner part of our respiratory system, in par-
ticular the alveoles of the lung, are a quite effective filter for
the nanoparticles. The lungs of the stone age hunter found
inthe ice of the alpine glaciers is loaded with nanoparti-
cles giving a vivid picture of this lifestyle and his exposure
to nanoparticles from combustion of organic matter [1]. To-
day, the evidence is increasing that nanoparticics suspended
in ambient air are toxic and have a severe impact on pub-
lic health, shortening the life expectancy even in allegedly
clean cities such as the city of Zurich by as much as several
years [2, 3].

A new thinking must be developed to guantify the
nanoparticies and to detect their physical and chemical prop-

erties. This arises because nanoparticles resist definition in
terms of traditional metrological properties such as mass, vol-
ume and diameter. Nanoparticles in gas suspension often ex-
hibit bizarre shapes formed by random or interaction assisted
agglomeration of much smaller primary solid particles. The
agglomerates possess holes as well as internal and external
surfaces that are much larger than commonly imagined. A
surrogate concept for defining a size of such an object is the
“mobility diameter”. This “diameter” is defined as the diam-
eter of a sphere with one single elementary charge having the
same electrical mobility as the agglomerate. Many individual
shapes and densities are summarized under one specific mo-
bility diameter. However, when such nanoparticles contain
liquid matter or when water condenses on them, the surface
tension of the liquid tends to contract the structure to a spher-
ical particle with little hollows inside. This is how nanoparti-
cles may change size, shape, and density when released into
the atmosphere, or when transported into the moist respira-
tory tract. Whether or not water condenses on the nanoparti-
cles depends on the chemical properties of the surface: if it
is hydrophobic like in the case of the primary particles from
diesel motors, water will hardly condense [4]. For the im-
pact on the living organism, the surface properties are essen-
tial. Hydrophobic substances that dissolve in the fatty tissue
like the polycyclic aromatic hydrocarbons (PAH) are most
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difficult for the body to dispose off and may induce cancer
in humans [5]. Hence, instead of trying to determine all the
thousands of chemicals that are present for instance in the
ubiquitous nanoparticles from combustion, one must try to
focus on the surface properties and distinguish first of all hy-

_drophilic from hydrophobic substances. In this paper, we will
show that rather simple physical methods exist to reasonably
quantify such basic properties of nanoparticles.

With respect to impact on health, it is mandatory to dis-
tinguish particles from different sources such as windblown
dust, wear and tear of tires, or harmless salt particles gener-
ated by the surf of the ocean, from the dangerous particles
in diesel fumes and cigarette smoke. Each of these particles
carries a different blend of chemicals and therefore poses a
different health risk. We will describe two physical principles
of putting electrical charges on particles and show how this
electrical charging may be used to characterize basic prop-
erties of nanoparticles and even determine the sources from
which the particles have been emitted.

2. Measurement of physical and chemical prop-
erties

2.1. Diffusion charging (DC)

If the gas carrying the particles contains positive or negative
ions, these ions have the tendency to attach to the particles
by diffusion and thus charge the particles electrically. Posi-
tively charged ions for instance can be produced by a glow
discharge forming in the neighborhood of a very thin wire.
The positive ions are repelled from the wire which is at pos-
itive potential and migrate through the space containing the
particles to the outer negative electrode. In this migration,
there is a probability that they attach to the particles. If this
happens, the particle carries the charge away. Further down-
stream, the gas containing the particles passes through a filter
in which all particles are precipitated. The electric current
ipc flowing from the filter to ground potential is measured
and tells us how many positive ions produced in the glow
discharge have attached themselves to particles. We have

ipC ] _ ~ 2

. = Const -n(R) - Z(R) = const- R* - Z(R), (1)
where i is the electric current in the glow discharge, n(R)
the attachment coefficient of positive ions to neutral par-
ticles and Z(R) the density of particles. For particles of
R < 100 nm, n(R) = R*m, that is the attachment is propor-
tional to the cross section of the particles. This arises because
the mean free path of the ions in the carrier gas is larger than
the particle diameter for particles below 100 nm diameter. In
that case, the ions move on trajectories like in vacuum, and
the probability to hit the particle is simply given by its cross
section. Hence with particles below 100 nm, an instrument
based on diffusion charging will measure the total surface of
the particles without being sensitive to the chemistry, as an
ion sticks to any surfaces once it hits it. It is customary to call

the surface equivalent determined by diffusion charging the
“Fuchs surface”. It comprises the outer surface of agglomer-
ates only that can be reached by diffusion.

2.2. Photoelectric charging (PC)

If the gas carrying the particles is irradiated with ultravio-
let light of energy hr below the threshold for ionisation of
the gas molecules but above the photoelectric threshold @ of
the particles, photoelectrons may be emitted from the parti-
cles. The photoelectrons thermalize in the carrier gas, and if
it contains oxygen, they will attach to the oxygen molecules
and form a negative ion. The negative ion will diffuse back
to the particle if it is about 1 micrometer or larger in size.
However, for particles smaller than the mean free path of the
negative ion, backdiffusion becomes improbable and the par-
ticle remains with a positive charge while the negative ion or
the photoelectron diffuses to the walls. It is also possible to
remove the negative ions by an alternating electric field which
does not affect the positively charged particles because their
electrical mobility is small [6]. The current produced by the
photoelectric emission from the particles is now again mea-
sured by precipitating all particles in a filter and measuring
the current ip¢ flowing from the filter to ground potential.
ipc is related to the optical absorption « of the ultraviolet
light and the probability ¥ with which the electronic excita-
tion produces an electron that can escape the surface barrier
potentials:

iDC

= Const-a Y - R*r - Z(R), (2)

Thy

inw is the current of photons produced by the KrBr exciter
lamp with iv = 6.0 €V (A = 207 nm). We see that the signal
from the photoelectric instrument is also proportional to the
outer surface of the particles, but it contains factors that de-
pend on the bulk and surface chemical properties, namely o«
and Y respectively. It turns out that particles in the nanome-
ter range are extremely efficient photoemitters. Furthermore,
their photoelectric yield Y is governed by adsorbates to a
much larger degree than is observed with flat macroscopic
surfaces [7]. While these phenomena have not yet found a
satisfactory theoretical explanation, they are very useful to
obtain in situ information on the chemical composition of the
particle and its surface. Of particular importance are the poly-
cyclic aromatic hydrocarbons (PAH). If these flat and large
molecules are adsorbed on the particle surface, the photo-
electric yield Y increases dramatically by an order of mag-
nitude at coverages below one monolayer. At ambient tem-
peratures, the PAH with less than 4 benzene rings are not
adsorbed at the surface, but the PAH with 4 and more rings
are, and hence can be detect with great efficiency. It turns
out that the photoelectric current is in fact proportional to the
total mass of particle adsorbed PAH (PPAH) quite indepen-
dently of the chemical nature of the particles [8]. This amaz-
ing phenomenon can presumably be explained by the large
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absorption cross section of the m-electrons in the PAH’s to-
gether with the enhanced density of states near the vacuum
level. The general picture explaining the large enhancement
of the photoelectric yield by adsorption of PAH is that the
PAH act as photonic antennas concentrating the energy of the
absorbed photon near the surface.

It turns out that the signal generated by PC is also propor-
tional to the reading from instruments such as the aethalome-
ter detecting the amount of “black™ carbon contained in
nanoparticles that are previously precipitated on a filter. This
lollows from Eq. (2) where PC is proportional to the optical
absorption «v besides the photoelectric yield Y.

The most important feature of PC is however that it is zero
when the surface of the particles consists of water. Hence one
readily can distinguish between the dry or hydrophobic and
the wet or hydrophilic particles. Furthermore, PC is only ef-
fective for nanoparticles as it does not occur with micropar-
ticles. This makes it ideally suited to selectively detect the
respiratory particles, that is the particles that are precipitated
in the inner respiratory system.

Photoelectric charging is a unique tool to study funda-
mental properties of nanoparticles and their surfaces in gas
suspension without precipitating the particles onto a sub-
strate. So far, the following applications have been found:

1. Material and surface specific detection of nanoparticles
in ambient air. This will be shown below on the exam-
ple of the particles generated in combustion.

(o)

Detecting the process of heterogeneous catalysis on the
surface of the nanoparticles. As an example, we have
studied soot reduction by fuel additives [9].

3. Measuring the dynamics of molecular adsorption at the
particle surface. In this application, the light pulses of
a duration of nanoseconds from a laser have to be used
for PC [10].

4. Measuring the dynamics of the electrons within the
nanoparticle. For this, one needs a pump and a proper
light pulse of a duration in the range of femtoseconds.
The pump pulse optically excites the electrons within
the particle, and the delayed probe pulse detects those
electrons that are still excited by photoemitting them
into the carrier gas [11].

5. Chiral nanoparticles: Particles that are built from chi-
ral molecules such as aminoacids will absorb left and
right circularly polarized light with somewhat differ-
ent probability. This selectively detects nanoparticles
of biological origin [12].

We now proceed 1o some simple experiments with particles
generated in various Lypes of combustion.
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FIGURE 1. Aerosol from a sooting candle flame in a closed room
(The room is filled with aerosol. then the candle is blown out). The
signals PC and DC are shown as they decay with time. Light scat-
tering (LS) at 90° of the light from a GaAs-diode is also shown.
The calibration of the LS signal does not apply, it is valid for Ari-
zona dust.

3. Model experiments

Simple experiments demonstrate how the simultancous ap-
plication of diffusion charging and photoelectric charging al-
lows one to distinguish the particles from various sources as
desired. Fig. | shows a model experiment with soot particles
from a paraffin candle. If the candle burns correctly, it does
not emit any soot particles. However, if the flame is cooled
by putting a metal spoon into it, one sees a thin filament of
soot rising with the hot gases. 1 min of soot production is
enough to fill a room of 50 m* with very fine soot particles,
after allowing a few minutes for homogeneous distribution,
see Fig. 1. These soot particles have PAH adsorbed on their
surface, hence are extremely efficient photoemitters. It should
be noted that PAH are formed in any incomplete combustion
of organic material, but the amount of PAH varies widely de-
pending on the fuel and the conditions of the combustion.
Hence PAH can be used as a label of combustion generated
particles and their density at the particles surface will be char-
acteristic for cach type of combustion.

Figure I shows that the signal from the 2 instruments lo-
cated in the room decreases with time, but the rate at which
the singal decreases is different in each case. According to
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FIGURE 2. Photoelectric charging (PC) against diffusion charging
(DC) for different combustion aerosols. The slope of the curves is
characteristic for the aerosol source. Linear fits for aerosols found
on motorways are also shown. They mainly consist of diesel emis-
sions. The data points are for diesel particles collected in a plastic
bag at the bus stop.

Egs. (1) and (2), the ratio of diffusion charging ipc and pho-
toelectric charging ipc is given by
ipﬁ = const - a}. (3)
iDC

Hence it should not change provided that neither the bulk
nor the surface chemistry of the particles changes. Figure 2
shows that this is indeed the case as ipc plotted against ipc
yields a straight line with candle soot. Figure 2 also shows
results of experiments done in the same way but with dif-
ferent types of combustions. We see that burning a sheet of
paper produces particles with constant chemistry as well, but
the slope is very different compared to candle soot, hence the
particles produced in combustion of paper are chemically dif-
ferent and can thus easily be distinguished from the particles
produced in a paraffin candle.

Figure 2 also shows results with particles produced by
smoking a cigarette in the room. In that case, ipc vs. ipc
does not produce a straight line. This indicates that the par-
ticles of cigarette smoke change their surface chemistry with
time whereby the efficiency of photoelectric charging is re-
duced. Note that the older particles are at lower currents in
Fig. 2. It is known that nanoparticles in cigarette smoke con-
tain liquid material, therefore the observed reduction in PC

per unit surface area may also indicate a change in particle
shape.

Also plotted are the yield curves of photoelectric charg-
ing particles found on the motorway close to Ziirich. Particles
in the street tunnels seem to exhibit lower photoelectric yield
compared to particles on the open motorway. Generally, the
yield of motorway particles is much higher compared to the
yield of cigarette smoke.

We will present evidence below that the lower photoelec-
tric yield per unit surface area observed in street tunnels is
due to the formation of new hygroscopic particles in gas to
particle reactions probably involving SO, and NO, emis-
sions from the motor vehicles. The model experiment shows
that the specific photoelectric yield, that is, the yield per unit
surface area stays constant with candle and paper fire parti-
cles (in the absence of solar irradiation) while it decreases
with cigarette particles. It is also clear that the particles
from different combustion sources are readily distinguished
by their different specific photoelectric yield. We note that the
particles are removed from the room by ventilation through
holes in the door, windows and cable ducts, by diffusion to
the walls and furniture, and by agglomeration and subsequent
sedimentation. The particle loss by ventilation is however
dominant. It is in fact possible to determine the air exchange
of a room or a building with the outside world by measur-
ing the loss of particles created inside or the gain of particles
from outside stemming for instance from vehicle traffic [13).

The most important result from the model experiments
is that Diesel particles found on the motorway can easily
be recognized by their high photoelectric yield compared to
cigarette smoke. In practice, the distinction between Diesel
and cigarette smoke is important as most of the personal ex-
posure comes from these sources. Hence the simultaneous
application of PC and DC makes possible the source attribu-
tion of combustion aerosols.

It should be noted that, at least in air as a carrier gas,
particles from other than combustion sources can generally
not be charged photoelectrically because of the absence of
PAH. Hence such particles will produce a signal only in op-
tical scattering of light and in diffusion charging. There are
exceptions from this rule: namely fresh metal particles pro-
duced for instance in welding [14], and CuCl-particles pro-
duced in outgassing of volcanic magma [15] are also effi-
cient photoemitters. However, these particles loose their pho-
toelectric activity in ambient air in a few minutes by oxida-
tion. In the regular urban environment it is safe to assume
that particles which can be charged photoelectrically by light
with energy v = 6.0 ¢V are generated in combustion of
organic material. The PAH’s arc unique in that they can re-
sist oxidation in ambient air for a long time at least in the
absence of ozone and/or ultraviolet light. The photoelectric
charing is also suitable to detect the degradation of PPAH in
the atmosphere, but this does not have (o be considered in
close proximity to measurements close to the source, that is
lo streets or motorways.

Rev. Mex. Fis. 45 (2) (1999) 182—188
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4. Field measurements

We have built battery operated portable instruments for de-
tection of the particles based on PC and DC. The data are
automatically recorded and can be extracted later. It turned
out that it 1s useful to also have independent information on
PM-10, that is the mass of particles with larger diameter up
10 10 yem. For this purpose, we used a portable, battery oper-
ated instrument based on the scattering of infrared light from
a GaAs-laser-diode (LS). This instrument is commercially
available. It has an impactor at the entrance which removes
all particles with an inertia diameter of more than 10 um. The
LS-instrument is calibrated in mass per m*. However, the
calibration is for “Arizona dust” which exhibits a wide size
distribution. We have recalibrated this instrument for the par-
ticles found on motorways. This is possible because th PC-
instrument is calibrated in mass of particles bound PAH per
m*, and because independent chemical analysis of filter cx-
tracts from motorway samples shows that 0.8% of the motor-
way particle mass consists of PAH [16]. It turns out that the
readings of the LS-instrument calibrated with Arizona dust
have to be multiplied with 0.3 to correctly account for the
total mass PM-10 of particles below 10 pm found on motor-
ways.

The three instruments were carried in a Rucksack or put
on the dashboard in a car. Whenever possible, the windows
of the car were opened. The air was sampled from one point
located close to the height at which people breathe. Exhaus-
tive long term studies have been performed in a road tunnel
near Zirich, Switzerland, known as the Gubrist tunnel. This
tunnel is divided into two separate tubes which each have one
way traffic only. The speed limit is 100 km/h, and the tunnel
is 3.250 km long. Hence it takes at least 2 min to pass the
tunnel. Measurements were recorded every 10 sec. There is
no ventilation in the tunnel, except for the wind produced hy
the movement of the vehicles. This wind averages to 9 m/sec
resulting in a residence time of the air in the tunnel of 6 min.
E. Weingartner er al. [16G] have continuously measured the
chemical and physical properties of the aerosol in that tunnel.
Of particular interest is the size distribution and the chem-
ical composition of the particles. At the entrance, the size
distribution is broad, and there are maxima in the density of
Z(R) at 2R = 20 nm and 2R = 100 nm. At the exit, the
size distribution is sharper and exhibits only one maximum
at 2/t = 120 nm. We suspect the 20 nm particles are con-
densates forming in gas to particle reactions on cooling the
exhaust.

Figure 3 shows the recording of the 3 instruments on a trip
from ETH Ziirich to Baden and back. Measurements were
recorded every 10 sec. After about 9 min, the motorway is
reached and after 10 min the entrance of the Gubrist tunnel.

A second short tunnel named Baregg is reached after
20 min. After this, the return is on the same motorway to
pass Baregg and Gubrist in the opposite direction. There was
heavier traffic on the way back.
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FIGURE 3. LS, PC and DC signals from a trip on the motorway
[rom Zurich to Baden (Switzerland) and return (18.Nov.1997). The
two tunnels are marked with filled squares. The calibration of LS is
for Arizona dust. It has to be multiplied by 0.3 to correctly repro-
duce the mass of the motorway aerosol in relation to the total mass
of particles bound PPAH as observed by PC.

Light scattering (LS) clearly shows a background signal
that is independent of the tunnels, and even does not change
when the motorway is left or entered. This must be due to par-
ticles from other sources than automotive traffic. The num-
bers given at the abscissa are with the factory calibration, but
for the motorways one has to multiply these values with 0.3,

Photoelectric charging shows sharper structures. It is also
obvious that the ratio PC/DC changes in the tunnels with DC
gaining more strength. This is explained by the new parti-
cles generated in gas to particle reactions and agrees with the
findings of E. Weingartner er al. [16].

With the specific calibration, the average ratio PC/LS =
0.73% on the whole trip. That is the average particle
mass PM-10 was 34.8 yig/m?* and the average PPAH-mass
255 ng/m?, hence about 0.73% of the particle mass consists
of particle bound polycyclic aromatic hydrocarbons. Omit-
ting the first 10 min, that is the readings on the access to the
motorway, PM-10 = 38.1 yig/m?, PPAH = 340 ng/m?, and
PC/LS = 0.89%. This illustrates once more that there are
other particles on the access road in addition to those pro-
duced by the vehicles. The other particles are not produced
in combustion as they do not produced a signal in PC.

The ratio PC/DC = 1.51 in the average, that is the
acrosol on the motorway is identified as particles from Diesel
engines according to Fig. 2. This agrees with E. Weingartner
et al. [16] who found that the aerosol in the Gubrist tunnel is
dominated by Diesel vehicles.

Figure 4 shows PC and LS data on the way from the air-
port CDC to the center of Paris. Noteworthy is particularly
a one way five tracked tunnel entered at 9.57 h and left at
10.13 h. Due to the regularly occurring traffic jam, there is
no ventilation of this comparatively short tunnel. The growth
of the particles in the tunnel as evidenced by the growth of LS
is much more pronounced compared to the Gubrist-tunnel in
Switzerland due to much higher exhaust concentrations. Note
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FIGURE 4. PC (squares) and LS (bold line) for trip on a mo-
torway in Paris (Aéroport CDG to rue de Faubourg-Poissonniere,
8.Sept.1997). A tunnel is traversed from 9:57 to 10:13. Calibration
of LS as in Fig. 3.

that LS is proportional to the sixth power of the particle diam-
eter, hence it responds dramatically to the growth of the con-
densates in the tunnel. Note also that the particles detected by
PC, that is the particles nucleated in the combustion zone, are
not affected by condensation.

The average PM-10 was 80.1 ug/m? using the calibration
from the Gubrist tunnel in Switzerland, the average PPAH
659 ng/m?. Hence PC/LS = 0.82%, that is 0.82% of the
particle mass are PAH.

The constantly higher PPAH-values everywhere in and
around Paris are due to the fact that 40% of the passenger
cars are Diesel driven while in Switzerland the percentage of
Diesel passenger cars is 2% only. Hence the poorer air qual-
ity in the city of Paris compared to Zurich must be attributed
to the tax laws favoring the use of Diesel vehicles.

Figure 5 shows PC and LS data from the first half of the
highway from Tokyo to Nikko. There is no tunnel on this
highway.

The average PM-10 was 111 pg/m?, using the calibra-
tion from Switzerland, the average PPAH 926 ng/m®. Hence
PC/LS= 0.83 % , which is identical to the value obtained on
Swiss and French motorways within uncertainties, and iden-
tifies the sources of the particles as Diesel motors. It appears
that more trucks are circulating on the motorways in Japan
maybe due to JIT (just in time delivery). This then would ex-
plain why the particle loading of the air on motorways is even
higher than in France.

The fact that the PC/LS ratios in the industrialized coun-
tries are identical within uncertainties is surprising. Note that
the constancy of this factor is independent of any absolute
calibration of the instruments. Due to differences in the vehi-
cles, fuel and particularly the weather conditions one might
have expected significant differences especially in the surface
properties of the particles. The results presented here clearly
demonstrate that this is not the case. It can be understood by
the fact that motorways are source dominated, that is the in-
fluence of solar irradiation may be important with older par-
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FIGURE 3. PC (squares) and LS (bold line) for a trip on a motorway
in Tokyo (first part of the Highway Tokyo-Nikko). LS calibration
as in Fig. 3.

ticles only. There is even no seasonal variation of the average
PC/LS ratio. For instance, on a trip from Zurich to Basel in
July 1997 we obtained PC/LS = 0.82%, while the average
PPAH was 134 ng/m?* and PM-10: 16.3 mg/m? (the data
on Fig. 3 were taken in November). However, the intensities
of the aerosols vary quite dramatically. One then expects the
same kind of health problems yet with different intensities
from nanoparticles on motorways all over the globe.

5. Summary and impact on public health

The polycyclic aromatic hydrocarbons (PAH) are produced
abundantly in any incomplete combustion of organic mate-
rial. Due to the strainless arrangement of sp?-hybridized car-
bon atoms in six membered rings and, above all, the energy
gain from the delocalized w-electrons, PAH are thermally
very stable. Due to this stability PAH are abundant molecules
in the combustion zone [17]. Nanoparticles consisting mainly
of carbon and PAH are always formed together in combustion
processes, and it is believed by some that PAH are the molec-
ular precursors of soot. However, it is more likely that PAH
are a side branch in the process that forms the carbonaceous
nanoparticles [18]. At the high temperature in the combustion
zone, PAH are in the gas phase. Yet when the exhaust gases
cool down to ambient temperature, the heavy PAH with 4 and
more rings adsorb at the surface of the carbonaceous parti-
cles. This is where they can be detected with great efficiency
by photoelectric charging (PC) of the particles. The particles
with the carbonaceous skeleton are the carriers by which the
particle bound PAH (PPAH) are transported deep into the res-
piratory system. when the highly water insoluble PAH come
into contact with living human tissue, the cells try to get rid of
the PAH by making them water soluble. Unfortunately, this
oxidation process creates the very strong, ultimate carcinogen
which irreversibly binds to the DNA. A causal link between
lung cancer in humans and the five-ring PAH Benzo(a)pyrene
has been established [5].

The detection limit of PPAH with PC is about 1 ng/m?
at a time resolution of 1 sec [&]. This is a very small amount
of material, and the question of what this means for human
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health arises. As the impact on human health from smok-
ing cigarettes is known to many of us from personal experi-
ence we propose to use, instead of nanograms/m?®, the daily
cigarette exposure equivalent [18]. We assume that a stan-
dard cigarette smoker inhales a total mass of 200 ng of PPAH
with each cigarette. The average minimum volume of air
needed by humans in 24 his 4 = 11 m*. Hence the PPAH-
concentration which is equivalent to smoking one cigarette
per day is @ = M /A = 18.2 ng/m®. As an example, a taxi
ride from CDC-airport to the center of Paris means smok-
ing (659/200)11/24.1.5 = 2.3 standard cigarettes, compare
Fig. 4.

Naturally. we do not content that the risk from Diesel
fumes is the same as the one from cigarette smoke. The
cigaretie equivalent is only meant to provide an order of mag-
nitude estimate for the individual health risk imposed by sus-
pended nanoparticles from combustion [18). What this pre-
cisely means is that the PPAH allow one to intercompare the
nanoparticles from different combustion sources.

We have done some preliminary measurements in Mexico
City. The PPAH concentrations on the motorways were very
similar or even below the ones found in Paris, yet larger par-
ticles were detected by light scattering (LS) in much greater
densities. Of course, these large visible particles give Mex-
ico City the bad reputation with respect to particulate air
pollution. On the other hand side, one has to know that the

nanoparticles attach themselves to the surface of the large
particles, hence the microparticles act as scavengers of the
nanoparticles. This means that the deposition in the lung is
reduced. It is certainly not enough to remove the micropar-
ticles in electrofilters as has been done in the industrialized
countries. Care must be taken to reduce the nanoparticles as
well. It has been demonstrated that this is possible in particle
traps at the exhaust of Diesel engines [19]. If a fuel additive
such as Fe(C;Hs)y is used, the particles burn in the trap at
exhaust temperature, hence the particle trap has a reasonably
long lifetime. The legislator must know how to act and make
such particle traps mandatory on Diesel vehicles. Research
with nanoparticles is both important and rewarding, even for
fundamental research. Very small particles in gas suspension
may have unique properties that still need to be discovered or
verified.
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