








traditionally been evaluated for particulate matter with
aerodynamic diameters below 10um (PMyo), and the
fine particles within this fraction (PM,s) have been
associated with the greatest risks to human health
because they are more likely to be toxic and can be
breathed more deeply into the lungs (Zhou et al., 2003).
However, the equations used as sampling criteria for the
inhalable fraction (IF) of particulate matter are applic-
able up to aerodynamic diameters less than or equal to
100 um, and there is evidence that the size range of
inhalable particles with systemic toxicity that could pose
a health risk should be extended even further (Kennedy
and Hinds, 2002, and references therein).

The 0.5 g analytical samples were digested with 3mL
of a 2:2:2 mixture of HCI-HNO3;-H>0 at 95°C for 1h
and diluted to 10 mL with distilled water (Ordofiez et al.,
2003). The content of 35 elements (Ag, Al, As, Au, B,
Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, Hg, K, La, Mg, Mn,
Mo, Na, Ni, P, Pb, S, Sb, Sc, Sr, Th, Ti, T1, U, V, W and
Zn), was determined by inductively coupled plasma—

mass spectrometry (ICP-MS). Quality controls in-
volved analysis of 11 blind duplicates and 3 control
standards. For all the elements (except Bi, 12%, and
Au, 26%), the mean difference within pairs of dupli-
cates did not exceed 10%, with an average value of
4.5%. A summary of the analytical results is presented
in Table 1, where Au has been excluded because of poor
repeatability (see discussion above), and S, Tl and W
have been omitted because 30% or more of all
observations fell below the detection limit (for the rest
of the elements, observations below the detection limit
were assigned a value of half the detection limit).
Additionally, carbonate and organic matter content,
and pH were determined in 27 samples. The pH was
measured in 1 (sample, w): 2.5 (distilled water, v)
mixtures, CO3~ was determined by back titration of
excess HCl with NaOH, and organic carbon was
evaluated by oxidation with hot K-dichromate and
titration of excess dichromate with ferrous ammonium
sulphate.

Table 1

Summary of analytical results (ugg™')

Element Mean Median StDev Coeff. variat. Min Max

Ag 0.58 0.3 0.78 1.34 0.1 5.5
Al 4839 4700 1208 0.25 2800 8800
As 5 4.9 0.92 0.18 3.5 7.8
B 7.9 8 2.1 0.27 3 16
Ba 131 121 42 0.32 68 363
Bi 0.17 0.1 0.18 1.06 0.1 1.6
Ca 80,601 79,150 17,804 0.22 43,300 131,000
Cd 1.1 1.1 0.47 0.43 0.7 4
Co 2.9 2.7 0.86 0.30 1.9 7
Cr 26 26 4.4 0.17 17 37
Cu 42 39 15 0.36 18 118
Fe 11,572 11,100 2360 0.20 8000 20,100
Ga 1.4 1 0.54 0.39 1 3
Hg 0.13 0.11 0.09 0.69 0.03 0.57
K 1363 1300 368 0.27 500 2600
La 6.9 7 1.3 0.19 5 11
Mg 4485 4150 1600 0.36 2000 9300
Mn 258 238 92 0.36 157 728
Mo 2 1.9 0.63 0.32 1.2 6.3
Na 1395 1205 809 0.58 210 6340
Ni 10 9.7 3.3 0.33 6.2 32
P 1218 1180 352 0.29 580 2210
Pb 351 306 237 0.68 74 1856
Sb 3.4 2.8 3.8 1.12 1.1 37
Sc 1.3 1.3 0.31 0.24 0.7 2.4
Sr 172 172 35 0.20 91 268
Th 1.7 1.7 0.36 0.21 0.8 2.6
Ti 107 100 21 0.20 70 180
U 0.97 1 0.19 0.20 0.5 1.5
A\ 20 20 4 0.20 13 30
Zn 317 271 177 0.56 142 1412
















Table 4

Hazard quotient and risk for each element and exposure pathway

Element C (95% UCL) Oral RfD Dermal RfD Inhal. RfD Oral SF Dermal SF Inhal. SF HQj,, HQjiun HQdermal HQuapour HI = ZHQ; RISK
(Risking)  (Riskinn)  (RisKgermar)

Ag 6.30E—01 5.00E—03 9.00E—04 8.29E—04 2.32E—08 1.29E—05 8.42E—04

Al 5.06E+03 1.00E+00 1.00E-01 1.43E—-03 3.33E-02 6.50E—-04 9.32E—04 3.49E—-02

As-non canc. 5.20E+ 00 3.00E—04 1.23E—-04 1.13E-01 3.16E—06 2.32E—02 1.36E—01

As-cancer 5.20E+00 1.50E+00 3.66E+00 1.51E+01 6.24E—06 4.00E—09 1.44E—06 7.69E—06
B 8.30E +00 2.00E-01 1.80E—01 5.71E-03 2.7712E—-04 2.66E—07 8.45E—07 2.73E-04

Ba 1.38E+02 7.00E—02 4.90E-03 1.43E-04 1.30E—-02 1.77E—04 5.18E—04 1.37E-02

Cd-non canc. 1.20E-+00 1.00E—03 1.00E—05 791E-03 2.21E-07 2.21E-03 1.01E-02

Cd-cancer 6.30E + 00 3.89E—-10 3.89E—-10
Co-non canc. 3.10E+00 2.00E-02 1.60E—02 5.71E-06 1.00E—03 9.82E—05 3.51E—-06 1.11E-03

Co-cancer 9.80E+ 00 1.53E-09 1.53E-09
Cr-non canc. 2.60E+01 3.00E-03 6.00E—05 2.86E—05 5.80E—02 1.70E—04 8.12E—03 6.63E—02

Cr-cancer 4.20E+01 5.70E—08 5.70E—08
Cu 4.40E+01 4.00E-02 1.20E-02 7.23E-03 2.02E—07 6.75E—05 7.30E-03

Hg 1.40E—01 3.00E-04 2.10E-05 8.57E—05 3.15E-03 8.79E—08 1.26E—04 1.28E-02 1.61E—02

Mn 2. 70E+ 02 4.60E—02 1.84E-03 1.43E-05 3.86E—02 3.47E—-03 2.70E—03 4.48E—02

Mo 2.10E+00 5.00E—03 1.90E—-03 2.79E—-03 7.80E—08 2.06E—05 2.81E-03

Ni-non canc. 1.10E+01 2.00E-02 5.40E-03 3.52E—03 9.83E—08 3.65E—05 3.55E-03

Ni-cancer 8.40E—01 4.61E—10 4.61E-10
Pb 378E+02 3.50E-03 5.25E-04 7.10E-01 1.98E—05 1.32E-02 7.23E-01

Sb 3.50E+00 4.00E—04 8.00E—06 5.77E—02 1.61E—-06 8.08E—03 6.58E—02

Sr 1.78E+02 6.00E—01 1.20E—01 1.95E—-03 5.46E—08 2.73E—05 1.98E—03

U 1.00E+ 00 6.00E—04 5.10E—04 1.10E—-02 3.08E—07 3.63E—05 1.10E-02

A\ 2.10E+01 7.00E—03 7.00E—05 1.98E—-02 5.53E—07 5.54E—03 2.53E-02

n 3.33E+02 3.00E—01 6.00E—02 7.30E—-03 2.04E—07 1.02E—04 7.40E—03
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