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Introduction

Atmospheric pollution is a major concern world-wide, in particular
for the inhabitants of certain large urban areas. Its many and varied
components attack the environment and health directly or indirectly.
The main pollutants are sulphur dioxide, carbon monoxide, reactive
hydrocarbons, nitrogen oxides, ozone, lead and particulate matter.

The primary contributions to atmospheric pollution in the form of
solid aérosols corne from either natural sources such as redispersion
of crustal material, volcanic éruptions, aérosols of marine origin
and pollens or from anthropogenic sources such as combustion of
fuel oil and coal, combustion of fuels related to vehicular traffic,
and various émissions related to industrial and human activities. It
is generally accepted that the level in the atmosphère of particulate
matter of natural origin is less than 10 P-g.m3. In urban areas with
high population density, such as the great megalopolises in devel¬

oping countries, the concentrations in the atmosphère are regularly
higher than the guideline values recommended by the World Health
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Organisation (WHO), which considers that the annual mean con¬

centration should not exceed 60 pig.nr3. The long-term effects on

health of a high concentration of atmospheric particulates, specifi-
cally the fraction smaller than 10 \im, are serious and insidious;
moreover, the quantification of metals and certain anthropogenic
trace éléments présent in the particulate matter is necessary in order
to evaluate the hazards of the atmospheric pollution in terms of
long-term exposure of the population and consequently implement
the means to combat them and reduce them.

The preliminary study described hère focuses on neutron activation
analysis (INAA) of trace éléments in atmospheric particulate matter
(collected using a very high flow rate (approximately 600 m3.h ')
atmospheric sampling system fitted with a large filter. Weekly sam¬

ples of approximately 100,000 m3 of filtered air, collected during
1998 close to Paris, were used to détermine the amplitude of sea¬

sonal fluctuations in pollutant concentrations, evaluate the enrich-
ment factor of spécifie éléments in the total atmospheric suspended

particles (TSP) and, if possible, identify the origin of certain pollu¬

tion sources.

Situation

The Service Radioanalyse Chimie Environnement (SRCE) of the

Commissariat à l'Energie Atomique (CEA) has an atmospheric
sampling station located at Montlhe'ry (2° 14' E, 48° 37' N), 35 km
south-south-west of Paris and approximately 900 mètres from a

main road (N 20) with high traffic levels, approximately 70,000
vehicles per day (including 15% heavy good vehicles). The sam¬

pling station has a weather station recording the following data:

wind speed and direction, précipitation, température, humidity;
the wind rose established for 1998 is predominantly south-west,
north-east. The locations of the main potential sources of atmo¬

spheric pollution émissions in the outer suburbs of Paris are

shown in Figure 1.
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I Figure 1

Air particulate sampler location and possible atmospheric émission
source locations (black points).

Sampling apparatus and filter support

The atmospheric particulates sampling apparatus (Figure 2) used is

the ASS500 P (Aérosols station ASS-500 Physic-Technik-
Innnovation PTI & Central Laboratory for Radiological Protection
CLRP (Poland), D.Fischer, Erlengen, Germany). This apparatus type
equips the French Particulate Radionuclides Stations installed* as

part of the world-wide network set up under the terms of the

Comprehensive Test Ban Treaty (CTBT) (Schulze et al, 2000) and

' An operational station is installed on the island of Tahiti in the Soulh Pacific.
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1Figure 2
ASSSOO P

type sampler.

intended to monitor atmospheric radioactivity (sensitivity:
10 mllq.rn' for 137es). The high tlow rate sampling apparatus can
operate continuously under severe meteoroJogical conditions. The
horizontal sampling head is protected by an aluminium hood. The
polypropylene filter, with a surface density of approximately 125 g.m?
and effective dimensions 43x43 cm, is mounted in an air-tight man­
ner on a calibrated grid support. The filter retention efficiency, mea­
sured experimentally, is greater than 93% for 0.15 mm particles
(French standard NF X 44011). Two infrared lamps are installed
above the filter to prevent icing in winter. The ASS500 P has a sys­
tem giving the filtered air volume at a given time and the instanta­
neous tlow rate. The filtered air volume is corrected for the
temperature and adjusted to standard conditions (STP). For this study
54 week..ly samples covering 1998 were taken; the weekly mean air
tlow rate, approximately 600 rri' .h", varied significantly according to
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the meteorological conditions observed during sampling; at certain

times of the year, when the température inversion layer is low, the

resulting atmospheric dust level is higher, whereas at other times
heavy rainfall can cause a substantial decrease in the flow rate. The
weekly mean flow rates obtained during 1998 are shown in Figure 3;

it can be seen that the minimum flow rate (440 m3.h') was obtained
in winter.
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I Figure 3
Average flow rate observed on the sampler during year 98.

I Sample préparation protocol

The atmospheric particulate matter is sampled for one week, with¬
out particle-size cutoff. Each filter is oven-dried for 6 hours at 90° C,
then weighed on a précision balance, before it is placed in the sam¬

pling apparatus. On withdrawal, the aerosol-loaded filter is dried
and weighed again; the mean weight loss after drying is about 4%
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of the total mass. The distribution of the aérosol masses (mg.nr3 fil¬
tered air) collected on each weekly filter and measured in 1998 is

shown in Figure 4. It can be seen that, in winter, atmospheric dust
levels in the Paris région can reach 80 mg.nr3 (weekly mean), a

value that is slightly above the maximum annual limit adopted by
the WHO (60 mg.nr3).
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I Figure 4
Dust concentration during year 98 observed at Montlhéry.

50

The filters are then compacted and reduced to ash in a pro¬

grammable oven, using a protocol giving a slow température rise to

400 °C over a period of 8 hours. In parallel, blank filters loaded with
stable tracers (standards), prepared under the same conditions as the

samples and undergoing the same protocol, were used to détermine
the calcination yield after INAA analysis for each élément investi¬

gated in the atmospheric aérosols (except Pb, analyzed by ICP-MS
after solubilization). The reproducibility of the calcination yields
obtained was verified by three independent values for each élément.
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After calcination, 50 mg of sample were placed in a high-purity
polyethylene container and heat-sealed. A set of blank filters, pre¬

pared under identical conditions to the samples, was analyzed to
identify and quantify impurities (major constituents: Al, Cl, Cu, Na, K).
In addition, for the same purpose, impurity concentrations of the
empty container were determined, as the gamma spectrometry mea¬

surements on the samples were made in the présence of the con¬

tainer (major constituents: Al, Mg). The results obtained were taken
into account in the détermination of the élément concentrations in
the atmospheric particulate matter.

I Sample irradiation and
induced activity measurements

Although the INAA technique cannot quantify certain éléments
such as Pb, Hg and S that are of particular interest as atmospheric
pollutants, it is one of the most powerful non-destructive multi-ele-
ment analysis techniques (Sarmani et al, 1998; Djingova et al,
1998), capable of determining some forty éléments (lanthanides,
rare earths, metals, K, Na, etc.).

The samples were irradiated using the HERMA pneumatic system

installed on the periphery of the core of the OSIRIS reactor at the

Centre d'Etudes Nucléaire at Saclay (CEA). This apparatus has a

very fast transport system for shuttles carrying the container and the

sample; the transfer time between the reactor core and the gamma
spectrometry laboratory located in a peripheral gallery is about 2 to
3 seconds, which enables détection and measurement of radioélé¬
ments with half-lives of a few minutes. A distributor managing eight
shuttles simultaneously means that the irradiation system can

séquence the irradiation cycles. The associated laboratory can per-
form two types of measurement: HPGe gamma spectrometry mea¬

surement and measurement of delayed neutrons by 3He proportional
counter for the fissile éléments such as 235U, 238U, 239Pu. The samples
were irradiated in a thermal neutron flux of approximately
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1.2.10,4n.cnr2.S"1 for 60 s. Each set of eight samples was framed by
two flux guides made of ultra-pure Fe; expérience has shown that,
given the short duration ofthe irradiations, the neutron flux variation
during the treatment of a set of samples can be considered negligible.

Two measurement procédures were used, depending on the élé¬

ments to be analyzed. The short half-life radioéléments (28A1, 52V,

^Cu, 5lTi, 80Br, 38C1, ll6mIn, 57Mn, 56Mn) were measured in the lab¬

oratory located close to the reactor by an HPGe detector, relative
efficiency 30%, with a collimator 100 mm thick and a 10 mm
aperture. The sample was positioned automatically in front of the

detector by the pneumatic System. The detector was calibrated
using a multigamma (1,2Eu) solution placed and dried in a con¬

tainer identical to the ones used for sample irradiation; the cali¬

bration was checked using a Monte-Carlo code, taking into
account the corrections due to summing effects. An initial mea¬

surement (T0) was made when the dead time of the acquisition
electronics was less than 10%. Three measurements were then made

at T0+10, T0+20 and T0+30 min.

The médium and long half-life radioéléments (46Sc, 59Fe, 51Cr,

60Co, 76As, 65Zn, 75Se, 82Br, 86Rb, "Tc(Mo), ll5Cd, 122Sb, 124Sb,

,3,Ba, l34Cs, 140La, ,4,Ce, "0mAg, 152Eu, ,69Y, 24Na, 177Lu, 18lHf,187W,

l98Au, 233Pa(Th), 42K) were made in our laboratory at Bruyères le

Châtel using HPGe detectors with relative efficiencies of 30 to
50%. The detector was calibrated using a multi-element gamma
solution (AEA Technologie, Courtaboeuf, France) in the same

geometry as the sample. Ail the measurements were made at a dis¬

tance of 10 cm from the detector to minimize gamma summing
effects. An initial measurement was made 1 day after irradiation
(T0), then further measurements at T0+5, T0+20 days.

The élément concentrations, allowing for expérimental conditions
and including corrections for dead time and for decay during
acquisition, are calculated (ng.nr3) using the customary formula
for activation analysis:

Conc =
NsxAxA.xm,xk

£ihx^xm(x/rx^xç,lixailxi;xr',X(l-e-A-')«-""G-^)
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where:

k: constant
Ns: net area of the total gamma absorption peak

A: atomic number of the activated élément
X: decay constant of the activated élément
eabs: absolute détection efficiency
Ab: isotopic abundance

1^: mass of irradiated sample

mt: total mass collected
Lj absolute gamma émission intensity
Nv: Avogadro's number
Yc: calcination yield
Va: volume of air sampled
<pth: thermal flux
ath: thermal neutron absorption cross-section
tj, td, tm: irradiation, cooling and measurement times, respectively

The gamma spectrograms were processed using the GW software
(Westmeir Gesellschaft fur Kernspektrometrie mbH - Beratung
Software ). Ail the nuclear data (thermal neutron absorption cross-
sections, gamma émission intensities) were taken from "The K0-
Consistent 1RI gamma-ray Catalogue for Instrumental Neutron
Analysis (Menno Blaauw Interfacultair Reactor Instituut van de

Technische Universiteit Delft, 1996) and the Neutron activation
Tables (Gerhard Erdtmann, 1976). The Innovator in Elemental and

Isotopic Mass Spectrometry relative. The Minimum Détectable
Concentration (MDC) calculation was based on the définition of
Currie (1968) and complies with the expressions defined by the inter¬

national organization overseeing the CTBT (Schultze et al, 2000).

Kx 2.7 1 + 4.65 /> count,

MDC.
massW tmxsabsxVaxKsxKwxKc

where:

ROI is defined as ± 1.25 Full Width Half Maximum on either side of
the hypothetical peak Ka, Ks, Kw, Yy. respectively factors related to the

conversion mass/Bq, decay corrections during activation time,
between end of activation and acquisition start, during acquisition time
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The overall uncertainties assigned to the results are given by the fol¬

lowing équation, for a standard déviation:

n r KW, -ANb AI Âë~ Ârôj Âm~, AKo AKC Aç>
AConc = Concx /- i-+ 2 	 L+ 	 L.+ 	 -+ 	 !_+ L.+ 1_+ 	 L_+ _UÎ_

"» ', m, /v %

where Nb: area under the gamma peak.

Validation of the expérimental method

The validity and the reliability of the results obtained using our
expérimental method were verified by irradiating an IAEA 1632A
particulate matter standard (Table 1).

Elément

As

Ce

Cs

Cr

Eu

Fe

Hf

K

La

Na

Rb

Se

Th

Yb

Certified values
IAEA 1632A(ppm)

9.3 ± 1.0

29.0 ± 2 .0

2.3 ± 0.2

34.3 ± 1.5

0.52 ± 0.04

11 100 ±200

1.62 ± 1.00

4110 ±200

15+/- 2

828 ± 77

30 +/- 2

6.3 ± 0.3

4.5 ± 0.1

1.08 ±0.09

Our work
(ppm)

11.1 ± 1.0

28.5 ± 1.7

3.0 ±1.8

31.5 ± 1.5

0.52 ± 0.06

10755 ±220

1.67 ± 1.00

4063 ± 230

13.5 ±2.0

834 ± 69

33.7 ± 2.1

6.9 ± 0.6

5.3 ± 1.0

1.3 ± 0.4

Détection limit
(ppm)

0.55

1.8

0.7

4.0

0.1

645

0.3

1.6

0.06

5.2

1.5

0.04

0.7

0.6

I Table 1

Comparison of measured and certified values.
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1 Atmospheric pollution monitoring
in the Paris région

AIRPARIF (1998), the entity responsible for air quality monitoring
in the Paris région, has three types of station for measuring the main
primary atmospheric pollutants (CO, NO, N02, 03, SO2) covering
a radius of approximately 100 km around Paris:

- urban background stations: installed away from the direct influ¬
ence of any source of industrial or vehicular pollution, for exam¬

ple in parks, school grounds; the AIRPARIF network includes 60
stations of this type;

- rural background stations: installed on the edge of the Paris

conurbation, intended to measure the impact of certain pollutants
generated by chemical reaction, such as 03; the network includes
3 stations of this type;

- proximity stations: installed in immédiate proximity to vehicular
traffic; the network includes 9 stations of this type.

The concentrations of primary pollutants measured by an urban
background station (located in Paris, 500 mètres from the Place

d'Italie), représentative of climatic events observed at the scale of
the Paris région, were compared with the levels in the atmosphère
of the stable éléments determined by this study.

For this purpose the daily measurements made by AIRPARIF in
1998 hâve been matched to the corresponding weeks of ASS500 P

atmospheric sampling.

U Results and discussion

A certain number of éléments présent in the aérosols are used as

markers of certain sources of atmospheric pollution, of anthro¬

pogenic or natural origin. The various sources of urban pollution
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(main éléments As, Se, Zn, Sb) and the natural sources, derived
essentially from crustal material and the océan, (main éléments Al,
CI, Fe, La, Mn, Na, Ce, Sm) are listed in Table 2.

Sources

Crustal material

Marine aérosols

Coal combustion

Oil combustion

Refineries

Motor vehicles

Wood burning

Incinerators

Industrial urban areas

Iron/steel works

Ni, Cu extraction

Zn, Cd, Pb smelting extraction

Aluminium plants

Paint

Precious métal

Markers

Al, Mn, Fe, Se, Rare Earth Eléments

Na, Cl

As, Se, Hg

V, La, Sm

La, Sm

Br, Zn, Sb, Pb, Cu (La, Ce, Al, Fe)*

K

Na, K, Cl, In, Hg

V, Zn, Se, Mo, Sb

Fe, Zn, Se, Mo, Sb,

Hg, As, Se

In, As, Se, Co, Cd, Cr

Al, Mg, Hg

Ba.Ti

Au, Cr, Mo

* Catalytic converter

I Table 2
Sources of atmospheric particulates and their elemental
markers (from référence [18]).

An effective approach for revealing any atmospheric pollution of
anthropogenic origin consists in calculating an enrichment factor
(EF) for each élément, defined as the ratio of the élément of interest

in the sample to a référence élément in the sample (Xi/Ci)SAMPLE
divided by the same ratio in a référence material (Xi/Ci)R£F. In this
work the table of crustal abundance given by Taylor (1972) was

used, with respect to Se as the référence élément because of its low
volatility and lack of anthropogenic sources. The mean enrichment
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I Figure 5
Enrichment factors related to TSP.

factor for each stable élément, calculated from the 54 weekly atmo¬

spheric samples taken in 1998, is shown in Figure 5. The mean
enrichment factors show a very wide range of variation (10° to IO4).

The hypothesis of émission sources of anthropogenic origin is
highly probable for certain éléments showing an EF greater than 102

(Cd, Se, Sb, Br, Cl, As, Pb, Mo, Au, Zn). Low enrichment factors,
below 10, were observed for certain éléments such as AI, Co, Cs, Hf,
K, Mg, Mn, Th and the rare earths; it can be assumed that thèse élé¬

ments correspond to the redispersion of materials from superficial
layers of the ground in the investigated area. A few éléments hâve
moderate enrichment (Cr, V, Ti, Ba, Cu, W). Samples taken from the
ground surface in the immédiate vicinity ofthe sampling apparatus

were sampled and analyzed by neutron activation. The EF values
calculated as described above are given in Figure 6; it can be seen
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I Figure 6
Enrichment factors in soils close to the sampler.

that the values obtained are, in gênerai, an order of magnitude lower
than those of the atmospheric aérosols; substantial marking of the

ground samples for certain éléments (Se, Br, Cd, Mo, Sb) is clearly
apparent, corresponding with the highest EF values recorded for the

aérosol samples. Thèse results can be interpreted by considering a

process of déposition of atmospheric aérosols enriched with stable

éléments under the effect of favourable climatic conditions. It
should be noted that the concentration of the élément Se (10 ppm),
used as référence for the enrichment factor calculations, is compat¬

ible with the value given by Taylor (20 ppm) (Taylor, 1972).

The trace élément concentrations determined in TSP and presented
in this work are in ail cases équivalent to the levels found in indus-
trialized suburban areas ofthe major European cities. The mean con-
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centrations (1998) of stable éléments measured in the Paris suburbs,
expressed in ng.nv3, the values published by several authors (Chung
et al, 1997; Gallorini et al, 1998; Querol et al, 1997; Krivan &
Egger, 1986) for différent cities in Europe and in Asia, and the min-
ima and maxima for the USA are given in Table 3. The mean con¬

centrations measured near Paris are characteristic of the major
industrial cities and give an idea, despite the wide seasonal variation,
of the total quantifies of trace éléments présent in atmospheric
aérosols in urban areas and ofthe nature ofthe main pollutants; thèse

data, coupled with other parameters such as meteorological data, are

essential dues for identifying the émission sources.

The mean Br/Na ratio calculated for 1998 (0.045) is an order of mag¬

nitude greater than the oceanic ratio (0.0062) (Nouchpramool et al,
1998); this resuit indicates a local émission source for the élément
Na; the probable origin is an incinerator located 10 km from the
sampling point (Figure 1), Na and Cl being characteristic markers of
this type of pollution (Gone et al, 2000).

The Cl/Pb ratio is an indication of fresh particles emitted in the

exhaust by engines burning petrol; this ratio is about 0.14 (Ozben
et al, 1998). However, it should be noted that this ratio can be sig¬

nificantly différent in France depending on the type of fuel pro¬

duced. In this work the Cl/Br ratio was found to be 91, a very high
value, which supports the hypothesis of the incinerator as potential
émission source.

The Br/Pb ratio, a characteristic of fuel quality, can vary from 0.28
to 0.47 (Ozben et al, 1998). The mean annual Br/Pb ratio found in
this work is close to 2; this resuit, much higher than the expected
value considering the sampling apparatus is located 800 mètres

from a main road with heavy traffic, may indicate the involvement
of a substantial émission source for Br, independent of the one

related to road traffic.

In contrast the high enrichment factors for éléments Cd, Pb and Sb
can be assumed to indicate pollution for which the main émission
source is road traffic; other éléments (Cu, Ce, La, etc.) could hâve
the same origin, as suggested by Huang et al. (1994).

The éléments As and Se, in trace amounts in the atmospheric
aérosols but showing high EF values, could originate in the use of
fossil fuels (district heating, etc.).
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As 4.1 (18%) 1.1 13 0.24 4.9 as 12 0.99 33 1 700 174.4 8.85 2 2320

Au 0.003 (20%) 0.0010 0.0040 0.00060 0.12 o.OOS 0.6 0.017 0.007 3120

Ba 5 (18%) 9.1 149 6.3 25 111

Br 41 (19%) 6.3 136 0.11 387 43 8T2 71 72 24 433 23.79 12.1 32 1720

Cd 1 (19%) 1.2 33 I.S 8 3.3 4S 1.33 1.8 1.3 27 6.96 270 0.2 7000

Ce 0.7 (18%) a rs 2.3 0.11 1.8 0.3 2.8 0.62 0.4 14 3.26 0.44 0.8 13

Cl 193 (20%) 30 SUO 8.S 1350 ISO 3692 153 2500 995 639 3620 366 1500

Co 0.7 (22%) 0.14 2.0 0.OS 4.3 0.8 16 0.32 4.2 0.25 18.3 0.81 60830 0.14 83

Cr e (21%) 0.90 12 0.19 70 2 264 16 34 3.7 6.7 3.01 1.86 15750 0.029 2.1

Cs 0.08( (23%) 0.020 0.22 0.030 0.14. 0.1 3.T 0.28 0.2 0.6 2.26 0.44

Cu 1( (67%) 4.4 SI 7.1 43 6 130 64 1.4 17 64 52 3 5140

Eu 0.02( (69%) 0.010 0.083 O.OIT 0.05 0.02 0.08 0.024 0.014 0.1 0.03 0.09

Fe 37 (21%) 38S 931 12 2170 300 3600 930 1800 520 3500 2040 160 130 13800

HI 0.09 (2.1%) 0.030 010 0.015 0.1 0.05 0.45 0.056 175 0.02 0.06 0.19

K 67 (21%) 223 2460 25.5 5000 383 740

Le 0.3 (20%) 0.OT5 1.1 0.025 1.5 0.4 1.8 0.48 0.2 3.4 1.68 0.14 0.5 9.1

Lu 0.007C (T2%) 0.00.30 0.016 0.006 0.11

Mg 18! (19%) 8T 2T2 42 212 320

Mn 8.1 (18%) 2.1 1T 0.089 40 16 282 20 13 390 58.74 13.7 190 23 850

Mo 1. (27%) 0.3T 4.3 0.5T 2.8 8.9

Na 102C (18%) 2T6 3500 50 370 5300 977.5 168 7880

Pb 21 (15%) 1.6 86 3.2 775 T5 4000 365 235 365 30 96270

Sb 5.C (18%) 0.80 21 0.015 29 14 124 9.1 4.3 0.5 51 4.05 8.52 0.5 171

Sc 0.06 (20%) 0.026 0.11 0.0015 1.6 0.5 3.T 0.046 1.7 0.04 0.8 466 0.03 0.1 3.1

Se 3. (18%) 0.11 7.0 0.6 0.3 1.6 1 8.1 550.8 4.53

Th 0.081 (:JO%) O.OIT 0.21 0.03 0.03 0.01 0.08 0.095 4.9 0.05 0.1 0.2 0.02 0.42

TI 30 (19%) 92 42T 23 60 40 85 177.9 36 180

V 6. (19%) 2.2 8.2 0.21 31 9.1 61 19.65 14.5 7116 0.40 760

W 0.4 (2890) 0.036 1.8 0.08 1 0.08 3.5 <0.4 11 73

Yb 0.01 (32%) 0.0030 0.065 0.005 0.022 0.12

Zn 51 (20% 2.1 156 o.T5 85 31 2TO 170 256 80 200 282 0.0148 58 741

1Table 3
Analytical results of Total Suspended Partlcles in suburban area of Paris and comparison with other studies.
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Figure 7 shows the distribution ofthe concentrations of three heavy
éléments (Mo, Sb and Pb), characterized by high potential toxicity,
in the 54 weekly atmospheric samples collected in 1998. As a com¬

parison, the variation in a primary pollutant (S02) measured by
AIRPARIF over the same period is shown. There is high seasonal

variability; the maximum concentrations are observed in winter
periods that favour température inversions and climatic épisodes
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I Figure 7
Comparison between the variation of concentration
of some trace heavy éléments inTSP observed
at Monthlery during year 98 and the variation
of S02 measured by AIRPARIF at Paris arear.
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involving anticyclonic stability and lack of wind. Moreover, there is

considérable similarity between the annual variation of primary pol¬

lutants (S02, NO, etc.) and that of trace éléments in the atmospheric
particulates; as an example, analysis of the covariance of the data

for S02 and for the metallic éléments gives a corrélation coefficient
(r) close to 0.7. This can be explained by the fact that the stable par¬

ticulate pollutants and the chemical pollutants corne from émission
sources that are very probably of différent origins, but are produced
in a diffuse manner, thus obeying the same dispersion rules dépen¬

dent on the same climatic conditions. This hypothesis is plausible,
since no corrélation is observed between variation in Pb and Sb con¬

centrations and variation in road traffic (Figure 8) in the immédiate
vicinity of the sampling apparatus.

The variation during the year of the concentrations of certain élé¬

ments of non-anthropogenic origin is shown in Figure 9. No corré¬

lation with the variation of primary pollutants is observed; this is a
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I Figure 8
Trafic density related to the road trunk N20 located at 800 m
of the sampler.
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I Figure 9
Variation of some trace élément concentrations inTSP
at Montlhery related to weak EF éléments during year 98.

gênerai trend for ail the éléments quantified in the atmospheric
aérosols showing a low EF value and mainly of crustal origin. The
low measured concentrations of thèse éléments and the fact that the

sampling apparatus is installed in a semi-urban area suggests a

nearby origin, related to natural redispersion phenomena.
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The annual variation of certain éléments with high EF values is

shown in Figure 10. Poor corrélation of thèse éléments with the

variation of primary pollutants is observed, which might indicate
the présence of a point source close to the sampling area.
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I Rgure 10
Variation of some trace élément concentrations inTSP at
Montlhery during year 98 related to high EF éléments.
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Conclusion

The characterization of trace éléments in suspended particulate mat¬

ter in major industrial cities has recently become a subject of
research, since the public authorities became aware ofthe absence or
déficit of data on possible toxicological and physiological impacts of
certain éléments on health. Furthermore, standards for maximum
permitted concentrations in the atmosphère, including for the aérosol

fraction smaller than 2.5 mm, the most harmful to the human respi-
ratory system, are now being introduced. Although the data provided
by this study concern only the total atmospheric suspended particu-
lates (TSP), the entire particle-size range was included, as the effi¬
ciency ofthe filter médium remains high down to submicron particle
sizes. However, the relationship between the analysis and the parti¬

cle size class was not studied. The nature of the éléments and the

concentrations detected in the atmosphère during 1998 identify the

major anthropogenic pollutants and show their seasonal variations.
Thèse data provide a guide for further investigation ofthe impact on

man. This study is the first of its type carried out in France; the

results obtained could be used as référence indicators for evaluating
the long-term overall variation of atmospheric pollution in the Paris
région, particularly the heavy métal levels.

Furthermore, in addition to the measurements provided by the type
of study described hère, it is necessary to set up collaborations with
the various protagonists concerned to a greater or lesser extent by
urban pollution in order to obtain the most complète possible syn¬

thesis of the available data, in particular those relating to the émis¬

sions ofthe various industrial activities, which are rarely published.
Knowledge of thèse data, coupled with atmospheric modelling tak¬

ing into account local weather, should enable more précise détermi¬
nation ofthe origin of émission sources for the major pollutants.

This study has also shown that neutron activation analysis remains a

powerful, non-destructive, multi-element analysis method, with a

measurement sensitivity that remains acceptable for this type of
study. Nevertheless, although more than 30 éléments were measured

by this technique, knowledge of the atmospheric concentrations of
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certain éléments (Pb, Hg, S) that are of particular interest in terms of
their impact on man necessitate the use of other techniques in addi¬

tion to neutron activation (ICP-AE, ICP-MS, ED-XRF, AAS, etc.).
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