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 In this paper PIXE, µ-PIXE, XAFS, Mössbauer effect and radioisotope labelling 
method are briefly introduced. Those methods were used to study the pollution of 
atmospheric particulate matter (PM) in Shanghai. The speciation of Cr, Mn, Cu, 
and Zn in the PM10 and PM2.5 and different character of vehicle exhausted 
particles from other emission sources were studied. Source apportionment of the 
atmospheric lead was calculated with a combined method of lead isotope ratios 
and lead mass balance, along with µ-PIXE analysis of single particles and pattern 
recognition of the spectra. The fabricated ultrafine particles to simulate aerosol 
particle was used to study the translocation from alveolus into circulation across 
the air–blood barrier. 
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INTRODUCTION 
 

Air pollution is focused upon strongly nowadays because of its adverse effects on 
human health. As is well known, the inhaled particles of PM10 (aerodynamic diameter <10 
µm) and PM2.5 have serious impacts on human health. Smaller size particulate matter, which 
goes deeper into the lung, is of particular concern. PM2.5 particulate matter(PM) of less than 
2.5 µm in size, can well reach the alveolus and penetrate the bloodstream [1,2]. Consequently 
it could cause pulmonary and trachea diseases as well as epidemiological diseases. The 
increasing mortality and morbidity due to cardiopulmonary complications are attributed to 
elevated concentration levels of ambient particulate matters [3]. It was reported that the 
mortality increased 1.28 when the concentration of PM2.5 increased 18.6 µg/m3 in six cities in 
USA[3]. Some heavy metal in PM would cause particular disease. For example, the lead 
contained in PM2.5, or PM10 may affect young children, and even the foetuses, may cause 
learning problems and may reduce intelligence quotient (IQ). It was reported that the IQ fell 
4-7 points with an increase of 10 µg/100mL in lead blood level [4-6]. The anaemia and 
neurological impairments of the children, such as seizures, mental retardation, and 
behavioural disorders, could be related to excessive exposure to the lead. Therefore, it is 
essential important to study PM.  

Shanghai is the biggest industrialized and commercialized city in China. It has a 
population of 19 million people and 2.5 million vehicles. The atmospheric quality in 
Shanghai district has been paid much attention. 
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There are many methods which can be used to study PM. In comparison with other 
methods nuclear analysis techniques are more sensitive, and non-destructive. Based on 
accelerator, there exist the particle-induced X-ray emission (PIXE), µ-PIXE, X-ray absorption 
fine structures (XAFS) and X-ray fluoresce (XRF), etc. Mössbauer spectroscopy and 
radioisotope labelling method are other common nuclear analysis techniques. In this study we 
will introduce those techniques and their applications in the study of PM. 
 
 

NUCLEAR ANALYSIS TECHNIQUES 
 

PIXE, µ-PIXE and fingerprint 
 

Particle-induced X-ray emission is a useful nuclear method for trace element analysis 
[7]. Proton beams of a few million electron volts (MeV) are often used to produce 
characteristic X-rays from the atoms in the sample under investigation, to analyze 
quantitatively the elements by the X-ray spectra. A proton beam can be focused down to µm 
sizes to form a proton microprobe, or µ−PIXE [8]. In this work, elemental analysis of single 
PM10 particles was performed at SINAP on the 4UH Pelletron accelerator with its proton 
microprobe, which comprises a microbeam-forming system and a SUN-S10 computer-based 
MPSYS data acquisition system. A Si (Li) detector (ORTEC) with an energy resolution of 
150 eV at 5.9 keV and an active area of 70 mm2 was applied for detecting the X-rays. Protons 
of 3 MeV were focused to 1 µm spot size with typically 100 – 200 pA beam current. A 30 nC 
integrated beam charge was required for measuring a PM10 sample, which is characterized by 
its µ-PIXE spectra, hence its fingerprint.  

Figure 1 shows typical µ-PIXE spectra of PM10 single particles from coal combustion, 
iron-steel factory, lead free automobile exhaust and leaded vehicle exhaust, respectively. An 
algorithm of pattern recognition (PR) was applied to identify original sources of the PM10 
particles by measuring a few hundreds of PM10 particles from the monitoring sites and 
emission sources, respectively [9]. According to the pattern recognition algorithm, the µ-
PIXE spectra can be treated as an n-component column vector in an n-dimensional Euclidean 
space. If the Euclidean angle (θ) between two spectrum vectors is small enough, the two µ-
PIXE spectra are considered similar. The discriminative function is defined as follows:  

2/1,,, )])(/[( yyyCos ⋅⋅⋅= χχχθ                                     (1) 
where 'χ  and 'y  are transpositions of χ  and y , respectively. The degree of similarity of two 
µ-PIXE spectra is described by cosθ, which is close to 1 for two spectra with similar features. 

 
XAFS spectroscopy 

 
XAFS is a powerful technique to study chemical species [10]. An atom has its X-ray 

absorption edge, and different chemical species of the element are different with their fine 
structures at near absorption edge. The interference between elements is small. XAFS 
performed on a synchrotron radiation facility, which provides high intensity monochromatic X-
rays, can be completed conveniently with results of high precision. 
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Figure 1. µ-PIXE spectra of PM10 single particles from coal combustion (A) , iron-steel 
factory (B), lead free automobile exhaust (C) and leaded vehicle exhaust (D), respectively.

 
Our XAFS study was conducted on Beijing Synchrotron Radiation Facility (BSRF), 

which run pulsed electron beams of 2.2 GeV (giga electron volts) in energy in the storage ring 
with an average beam current of about 100 mA.The X-ray absorption near-edge structure 
(XANES) spectra of S, Cr, Mn, Cu, Zn and Pb contained in PM were measured on the XAFS 
station with a double crystal monochromator of Si(111), by which monochromatic X-rays of 
each element absorption energy range could be selected, for instance, 9550 eV to 9850 eV for 
Zn K-edge absorption measurements, and 12914 to 13350 eV for Pb L-edge absorption 
measurements. About 200 measurements were done in the energy range, and each measurement 
took 3-4 seconds.  
 

Mössbouer spectroscopy 
 

The recoil - free emission and resonant absorption of nuclear gamma ray in solids was 
discovered by Rudolf L. Mössbauer during his graduate work at Heidelberg in 1957. It is called 
Mössbauer effect since then. The spectral line widths obtained by Mössbauer spectroscopy have 
almost exactly the value predicted from the lifetimes of the states, rather than the much larger 
widths characteristic of when the nuclei recoil individually. Therefore the energy resolution of 
Mössbauer spectroscopy is extremely high (∆E/E=!0-13-10-15); it can detect tiny change of γ-ray 
energy due to chemical and physical surrounding of a resonance nucleus. Mössbauer 
spectroscopy is powerful tool to study crystal structure, chemical charge state of ions or 
compounds, internal crystalline fields, magnetic dipole and electric quadruple moments of 
nuclei, etc. It belongs to hyperfine interaction field. 57 Fe nucleuses with 14.4 keV transition line 
is commonly used isotope. We studied the size of iron particle, iron chemical valence, iron 
compound as well as its concentration in PM using this method. 
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Radioisotope labelling method 
 

The method by using radioisotope to replace or link other atom in molecule or compound 
is called radioisotope labelling. Radioisotope labelling is uniquely valuable as a way to trace 
molecules in cells and organisms. Its sensitivity is very high because only the γ-ray with a 
definite energy will be detected. 125I which has a half decay time of 65 days and γ-rays energy 
of 27.5 keV was extensively used in the radioimmunoassay or immunoradiometric assay .In this 
work it was used for radiolabelling ultrafine particles (UFPs) to study the translocation of UFPs 
across the air-blood barrier into circulation. 

 
 

A FEW APPLICATION SAMPLES 
 

Speciation of Elements in Atmospheric Particulate Matter by XANES 
 

As is well known, the influence of atmospheric PM on human health is not only related 
to elemental concentration, but even strongly to its chemical species. For example, the 
toxicity of Cr and As depends greatly on oxidation state, the Cr (VI) and As (III) are much 
more toxic than Cr (III) and As (V). Study of speciation of elements, then can help to 
understand the mechanism of diseases caused by PM. Here we show the speciation of Cr, Mn, 
Cu, and Zn in the PM10 and PM2.5 collected from two areas in Shanghai, one is Wusong (WS), 
an iron and steel industrial area, and other one is Nanhui (NH), an agricultural area The 
samples were collected by an air sampler (RP2100) at a flow rate of 5 to 15 L/min for about 
24 h for each sample. The PM was trapped onto Millipore Filter with a diameter of 47 mm. 
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Figure 2. The XANES spectra of Cr, Mn, Cu, and Zn taken from PM and reference materials. 
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Figure 2 shows the XANES spectra of Cr, Mn, Cu, and Zn taken from PM and reference 
materials. The latter one is for helping to identify the chemical speciation in PM. Fig.2A 
shows the XANES spectra of Cr. It is found that the spectrum of reference material CrO3 (Cr 
(VI)) exists a obvious pre-edge peak, it is a character of Cr (VI), and its shape is obviously 
different from that of Cr (III). The XANES spectra of two PM samples have no characteristic 
peak of Cr (VI) and are similar to that of Cr2O3, so the oxidation state of Cr in the PM is 
likely trivalence. Moreover the XANES spectra of samples are also similar with that of 
chromite [11]. Therefore, the main chemical components of Cr in the samples are probably 
chromite and chromic oxide. 

 Fig.2B shows the XANES spectra of Mn. The spectrum of reference material MnO2 
(Mn (IV)) has a characteristic pre-edge peak and is different from the spectra of another 
reference material MnSO4•2O (Mn (II)). The spectra of two PM samples are similar to that of 
MnSO4•5H2O. Therefore, Mn in the PM may mainly exist as bivalence, their chemical 
components in the samples are probably sulfate and other compounds of Mn (II). 

Fig.2C shows the XANES spectra of Cu. There are obvious differences between the 
spectra of two reference materials Cu2O (Cu (I)) and CuO (Cu (II)), the spectrum of Cu2O has 
an obvious pre-edge peak. The XANES spectra of Cu in the PM samples have no obvious 
pre-edge peak and their shapes are similar to the spectrum of CuO, so Cu in the samples 
mainly exists as bivalence. The XANES spectra of samples are also similar with that of 
hydrated copper sulfate [11], so possibly the components of Cu in the samples are mainly 
hydrated copper sulfate and copper oxide.  

Fig.2D shows the XANES spectra of Zn. The spectra of Zn in the PM2.5 samples are 
very similar to that of reference material ZnSO4•7H2O, and different from that in ZnO, so Zn 
in the samples may mainly exist as sulfate. Moreover, XANES spectra of Zn in the samples 
taken at different site are very similar. It means that their chemical speciation is similar in two 
sits. 

Comparing the XANES spectra of our samples with those of standard reference 
material SRM 1648 (urban PM) [11], we found that they are very similar for the elements Cr, 
Mn, Cu and Zn, that means they have similar chemical speciation. It is interested that the two 
urban PM were collected from different country and different time, but they have similar 
speciation. A possible reason is that they may have a common formation mechanism even in 
the different environmental condition. From that it is not astonished that the speciation of 
those elements in different area in Shanghai are also quite same. 

 

Air pollution studied by Mössbauer spectroscopy  
at three special sites in Shanghai 

 
In order to understand the different character of vehicle exhausted particles from other 

emission sources we choose a tunnel with 3 km long which is only for vehicle as a model. 
PM10 was collected from the middle tunnel, entrance and open area (500 m away from 
entrance). The samples were measured by Mössbauer spectroscopy at 293 K and 15 K 
respectively. Mössbauer measurements were performed in transmission geometry with a 
constant acceleration. 57Co(Pd) was used as the Mössbauer source and a 1 mm thick Na(Tl) 
scintillator coupled to a EMI19750B photoelectric multiplier was used as the detector. 
Experimental data were fitted by a least-squares fitting program. The isomer shift (IS) values 
reported here are relative to α-Fe at room temperature.  

Figure 3 show Mössbauer spectra taken at 293 K and 15 K from middle tunnel, 
entrance and open area. It was found that the spectra taken at different temperature are quite 
different. The spectra at 15 K appear much stronger magnetic hyperfine splitting sextet than 
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the one at 293 K. It means that the iron particles contained in PM are very small, showing a 
superparamagnetic behavior at RT, and ferromagnetic partly at 15 K. Such behavior of the 
particles appearing in a Mössbauer spectrum typically belongs to ultrafine ferromagnetic or 
antiferromagnetic particles due to magnetic spin relaxation. 

The Mössbauer spectra were fitted by two doublets (quadrupole splitting QS)  

 
Figure 3. Mössbauer spectra taken at 293 K and 15 K from PM10 collected at middle 

tunnel, entrance and open area. 
 
and two magnetic sextets at RT, and one more sextet was added at 15 K. The results are 
shown in Table 1. From that it is found that intensity of doublet (D2) and M1 components do 
not change with sites and temperature.M1 has IS and magnetic hyperfine field (Hf) which are 
0.40 mm/s and 51.4 T at RT, respectively. This component may be contributed by α-Fe2O3 
(hematite) [12]. The doublet D2, which had IS = 0.36 mm/s and QS= 0.68 mm/s at room 
temperature, turned to a doublet with IS= 0.42 mm/s and QS= 0.67 mm/s and partially to a 
magnetic component M2 having three magnetic hyperfine splittings with Hf =51.4 T at 15 K. 
As is known, Fe3O4 (magnetite) can be further splitted to three sextets from two sextets at low 
temperature because of the Verwey transition. Combined with the IS and Hf values obtained, 
we can assign M2 component as Fe3O4 [13]. The fact that a part of D2 intensity transformed to 
Fe3O4 at 15 K. indicated that a mount of ultrafine particles in a size less than 10 nm 
contributed to the quadrupole splitting which shows superparamagnetic behavior at RT. Based 
on the IS and QS, D2 may also have some contribution from in sulfate [14]. The doublet 1(D1) 
with high isomer shift and large quadrupole splitting, which is  IS=1.12 mm/s and QS=2.57 
mm/s at RT, and 1.25 mm/s and 2.88 mm/s at 15 K may be ascribed to calcium-iron-silicate 
[15] or hydrous iron sulfate particles [16]. The former may be from dust and mineral; the later 
may be from the products of the reaction between iron oxides and SOx. 

Based on the Table 1 we could find that relative fraction (area) of hematite kept nearly 
same at three sites, and the relative fraction of magnetite was quite different at different site , 
they were 33%, 42% and 44% increasing from middle to entrance and open area. The fraction 
of transformation of magnetite occurring between RT and 15 K from superparamagnetic to 
magnetic component at the middle of tunnel is larger than that at entrance and open area. It 
means that its size at middle is smaller than other two. Those results may be caused by 
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different emission source. The iron oxide in tunnel was probably formed by a reaction 
between iron from the cylinder worn and oxygen and /or NOx at high temperature. Its size, in 
particular for magnetite is smaller than the one emitted from metallurgical emission sources 
outside. In addition, comparing with the early study [17] it was found that SO2 in atmosphere 
of Shanghai now is much reduced because we did not find significant difference of relative 
intensity of α-Fe2O3 between tunnel and open area. 

 
Table 1. Parameters of Mössbauer spectra of PM10 collected at middle tunnel, entrance of tunnel 

and open area measured at 295K and 15K 
 

295K 15K 
 Middle Entrance Open 

Area Middle Entrance Open 
Area 

IS 1.12 1.01 1.12 1.25 1.28 1.30 
QS 2.57 2.56 2.62 2.88 2.81 2.83 
LW 0.46 0.53 0.42 1.09 0.50 0.53 D1 
Area 18 18 15 18 15 14 

IS 0.36 0.37 0.35 0.42 0.43 0.42 
QS 0.68 0.71 0.69 0.67 0.77 0.75 
LW 0.67 0.78 0.62 1.22 0.81 0.62 D2 
Area 58 59 59 35 33 29 

IS 0.40 0.42 0.40 0.48 0.41 0.43 
QS -0.19 -0.18 -0.19 0.35 0.26 0.33 
Hf 51.4 51.2 51.4 54.0 53.4 53.4 

LW 0.50 0.45 0.38 0.82 0.46 0.44 
M1 

Area 10 11 12 13 10 13 
IS 0.38 0.36 0.38 0.52 0.56 0.51 
Hf 48.6 48.9 48.6 51.0 51.5 51.4 

LW 0.51 0.38 0.35 0.65 0.76 0.49 
M2 
(A) 

Area 6 4 4 11 14 16 
IS 0.92 0.87 0.90 1.06 1.06 0.95 
Hf 43.1 43.6 43.4 43.8 43.3 42.0 

LW 0.87 0.75 0.87 1.25 1.44 0.52 
M2 
(B) 

Area 8 8 9 15 17 19 
IS - - - 0.56 0.60 0.61 
Hf - - - 47.9 47.9 49.1 

LW - - - 0.73 1.08 0.52 
M2 
(C) 

Area - - - 7 11 9 
IS: Isomer Shift, mm/s, error ± 0.02mm/s; QS: Quadropole Split, error ± 0.02mm/s; Hf: 
Hyperfine Field, T, error 0.2T; LW: Line Width, mm/s, error ± 0.03mm/s; Area: relative 
area, %, error, ± 2% 

 
Source apportionment of lead pollution in atmospheric aerosol particles 

in Shanghai 
 

The network had 19 sampling sites (see Fig.4), covering all the urban and suburb areas 
and including major industrial zones, residential areas, heavy traffic regions, and locations with 
clean air as well. The aerosol samples were collected in both winter and summer seasons of 
2003-2004. Identifying original sources of individual PM10 particles was carried by µ-PIXE and 
fingerprint. Atmospheric Pb concentrations and lead isotopic ratios of 207Pb/206Pb and 
208Pb206Pb were determined by inductively coupled plasma-mass spectrometry (ICP-MS) 
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Descriptions 

PM10
Vehicle exhaust (l
Vehicle exhaust (l
Coal combustion 
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Soil 
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* Percentage ratio

 
Setting K1

respectively, of 
Figure 4. Locations of the sampling sites in Shanghai 
. Guang Chang (GC)  2. Lu Wan (LW)  3. Kang Pin (KP)  4. Jin An (JA)  
5. Pu Tuo (PT)  6. Hong Kou (HK)  7. Pu Dong (PD)  8. Xu Hui (XH)    
. Yang Pu (YP)  10. Dao Pu (DP)  11. Hu Ma (HM)  12. Song Nan (SN)  
ang Hang (YH)  14. Gang Yan (GY)  15. Wu Song (WS)  16. Jia Ding (JD)  

17. Nan Hui (NH)  18. Ming Hang (MH)  19. Qing Pu (QP) 

ge lead concentrations of PM10 from 19 monitoring sites and the average 
ach emission source in particle percentage (particle number of an emission 

y the number of all emission particles) from GC and WS were listed in Table 2. 
s from cement and soil were 2 % and 15%, respectively. According to ICP-MS 
ncentrations in samples of 14 cement products available in Shanghai were 
µg•g-1, while the lead concentrations in soil samples taken from 6 typical places 
urb areas of Shanghai in 2004 were averaged at 11.7 µg•g-1. Containing rather 
s, the cement and soil contributed far less to the air lead particle burden than 
ion, metallurgic dust and vehicle exhaust, which should be concluded as major 
he atmospheric lead pollution in Shanghai. Based on the lead concentrations 
 ratios of 207Pb/206Pb and 208Pb206Pb in the PM10 and the emission source (Table 
ontribution of the three pollution sources could be calculated with ternary 
. 

Concentrations and isotopic ratios of Pb in PM10 and emission source samples 
(in µg·g-1) 

Pb 
concentrations 

207Pb/206Pb 208Pb/206Pb P.R.* 

3077±60 0.8590±0.0010 2.1060±0.0032  
eaded) 7804±160 0.9009±0.0051 2.1938±0.0073 <1 
ead free) 238±5 0.8715±0.0042 2.1240±0.0061 30 

1788±37 0.8596±0.0023 2.1111±0.0008 16 
6140±130 0.8529±0.0029 2.0768±0.0076 27 
11.7±0.3 0.8410±0.0020 2.0860±0.0020 15 
103±2 0.8598±0.0009 2.1036±0.0018 2 
   9 

s of the particles of different origins 

, K2 and 1-(K1+K2) as lead contributions to the atmospheric particulate matter, 
coal combustion, metallurgic dust and vehicle exhaust, R1, R2 and R3 as 
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207Pb/206Pb ratios of the three sources, and C1, C2 and C3 as lead concentrations of the three 
sources, the equation for the lead isotopic ratios and aerosol mass concentrations can be written 
as follows. 

K1R1+K2R2+[1-(K1+K2)]R3=RPM10                                    (2) 
K1C1+K2C2+[1-(K1+K2)]C3=CPM10                                    (3) 
 
Referring to Table 2, R1, R2 and R3 are 0.8596±0.0023, 0.8529±0.0029 and 

0.8715±0.0042, and C1, C2 and C3 are 1788±37, 6,140±130 and 238 ±5µg·g-1, respectively. 
RPM10 is 0.8590±0.0010, CPM10 is 3077± 60µg·g-1. 

Applying Equation (2) and (3), the percentage contribution to atmospheric lead was 
around 50 %, 35 % and 15 % from coal combustion, metallurgic dust and vehicle exhaust, 
respectively. Considering standard deviations of the Pb concentration and Pb isotopic ratios, 
and their relative deviations for the concentration (~±2%) and isotopic ratios (±0.1~ ±0.3%), 
percentage contribution of coal combustion and metallurgic dust may range from 32– 69 % and 
from 29– 41 % respectively, and from 3– 27 % for vehicle exhaust. In this calculation we 
neglected minor contributions from other pollution sources. The cement, having about the same 
ratio of 207Pb/206Pb as coal combustion though, has very low Pb concentration and particle 
contribution percentage (Table 3), with which we could estimate that the cement contribution 
might be less than 1% of coal contribution. And soil should contribute even less, because its 
207Pb/206Pb ratio is far away from that of PM10 and there is even less Pb in it.  

From the above results, we can conclude that the biggest lead contributor to the air 
pollution in Shanghai is coal combustion after phasing out of leaded gasoline in 1997. The city 
consumes annually about 44 million tons of coal, which has an average lead concentration of 
13.6 ± 6.6 µg·g-1 as we determined from 23 coal samples provided by major suppliers in 
Shanghai. It was reported that 50 % of the lead in a burning coal could accumulate on fine 
particles flying into the air [18]. This means about 300 tons of annual anthropogenic lead 
release into the air in Shanghai due to the coal combustion. PM10 collected at coal combustor 
sites contained about 1788 µg·g-1 of lead, which is much higher than the coals. This suggests 
that a lead enrichment process may take place during the combustion. 

 
Quantification of extrapulmonary translocation 

of intratracheal instilled ultrafine particles in vivo in rats 
 

In atmospheric aerosol there exist a lot of ultrafine particles which can penetrate to 
blood from alveolus in lung. Here we used the fabricated ultrafine particles to simulate 
aerosol particle to study the translocation. In order to exclude the uncertainties associated with 
the in vivo dissolution and transport of the dissolved metals as well as the binding affinity of 
iological materials, commercially available inert polystyrene particles (PS) with average 
diameter of 56.4 nm(PSa, σ =2.0 nm) and 202 nm(PSb, σ =10 nm), were used as a model of 
particles. We applied a modified direct labelling method [19, 20] to label 125I on polystyrene 
particles. The specific activity of resulting PS particles was adjusted to 1.3×106 Bq/mL (the 
mass concentration was around 2 mg/mL). Male Sprague–Dawley rats (body weight 220±20 
g) were used. The 3.7×105 Bq radiolabeled PS particles (around 0.6 mg per animal) were 
administered via intratracheal instillation (i.t.) into the lungs in a total volume of 0.3 ml. Rats 
received a single intratracheal instillation of free 125I or a single intravenous (i.v.) injection 
through the tail vein of labelled ultrafine particles with same amount radioactivity served as 
control. The infusion of lipopolysaccharides (LPS) was used to study the pulmonary 
inflammation effect on translocation. Several rats were pretreated with LPS by intratracheal 
instillation (2.5 mg/kg body weight, 12 h before particles administration) and then 
sequentially instilled with the exactly same dose of particles. The formation of stable covalent 
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bond to aryl group of the polymer particles was proved by the assay of X-ray photoelectron 
spectroscopy (XPS) as well as the Fourier transform infrared (FT-IR), and the proportion of 
radiolabeled particles and free 125I after purification was determined by thin-layer 
chromatography (TLC) using silica-impregnated glass fiber (15 cm×1 cm strips) with NaCl 
0.9% as the mobile phase. 

 
Figure 5. (left). Radioactivity in various organs after intratracheal instillation of free 

sodium 125I-iodide or ultrafine PS particles. (PSa) in rats at three different time 
intervals. (a) Free sodium 125I-iodide; (b) ultrafine PS particles (PSa). 

Figure 6. (right). Comparison of radioactivity in various organs after intratracheal 
instillation of PS particles with two different sizes, (a) i.t. instillation of PS particles in 

healthy rats; (b) i.t. instillation of PS particles in rats pretreated with LPS by 
intratracheal instillation (12 h before particles administration). 

 
Lung, blood, liver and other secondary organs, including the secretions were collected 

to study the distribution of radioactivity. The radioactivity was measured with a well type 
gamma counter (Shanghai institute of applied physics, Shanghai, China). A diluted standard 
solution of the initial injected dose was also measured for quality control and experimental 
calculation. 

Fig. 5 shows the radioactivity in various organs after intratracheal instillation of free 
sodium 125I-iodide or ultrafine PS particles (PSa) in rats at three different time intervals. 
Values are in percentage of the initial dose per whole organ. The values are means ± S.D. (n = 
4). The distribution histogram (Fig.5a) demonstrated that the i.t.-administrated free sodium 
125I-iodide easily distributed throughout the entire body even at the earliest time point of 
sacrifice. However, as for the ultrafine PS particles (PSa) (Fig.5b), it was found that the 
radioactivity was mostly retained in the lung, and the elimination from the lungs was 
7.1±1.4% at the time point of 24 h and 10.4±5.2% at day 5, respectively. Although 
radioactivity was rapidly detected in blood, it was very low and decreased with time very 
quickly (1.96±0.67, 0.71±0.16, and 0.13±0.06%, respectively). Low values of radioactivity as 
well as quick elimination rate were also observed in secondary organs. 

Fig. 6a shows the radioactivity in various organs after intratracheal instillation of PS 
particles with two different sizes in rats. Statistical analysis indicated there was no markedly 
difference between the results of two types of PS particles administrated to healthy rats (with 
value range from 1.64 to 2.49%). When rats were pretreated with LPS (Fig.6b), it was found 
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that the amount of radioactivity recovered in some secondary organs, such as in blood and 
liver, was significantly enhanced compared with that of healthy rats while the ultrafine size 
PS particles were instilled, (from 1.96±0.67 to 4.73±0.31%, and from 3.03±0.21 to 
10.67±2.08%, respectively). As for the bigger size of PS particles, the difference was not 
statistical significant (from 2.19±0.77 to 2.21±0.64%, and from 3.60±0.80 to 3.58±0.57%, 
respectively). 

This study suggests that only small fraction of intratracheally instilled UFPs can across 
the air–blood barrier into circulation but this translocation is markedly increased following 
LPS pretreatment. Therefore, pulmonary inflammation seems to play a major role in 
enhancing the extrapulmonary translocation of particles. This approach could be relevant to 
epidemiology outcome which suggested that the elderly and people with pre-existing 
cardiorespiratory are at a higher risk of particles-induced injuries. The radioiodination 
labelling method can be successfully used for studying the toxicity of aerosol particle   

In conclusion, nuclear analysis techniques can be used to study elemental concentration 
and speciation, particle size and shape, source apportionment as well as toxicity of particles. 
Nuclear analysis technique would be more powerful if it is assisted by other methods. 
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