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Abstract: By denoting exposure factors as trapezoidal fuzzy numbers fuzzy assessment models were developed to calculate exposure dose and characterize
the health risk of heavy metals in urban dusts. In addition a new classification model and assessment criteria with seven grades for cancer risk are put
forward. As a case study the models established above were employed for human health risk assessment of Zn Pb Cu Cd and Cr in urban dusts from
the city of Hefei. The results showed that the expected values of cancer risk for the carcinogenic metals Cd and Cr were 1.49 x 10 =% and 2.75 x 10 77
respectively lower than the soil management standard of the US EPA (i.e. 1.0 x10 %) . The Grade [ total cancer risk for Cd and Cr reached 0.927
suggesting that the annual cancer risks were extremely low and could be neglected. The expected value of total non — cancer hazard of the five heavy metals
for children reached 1.888 and exceeded the safety threshold value (i.e. 1.0). But for adults the expected value was just 0.278 and far below the
threshold value of 1.0. In Hefei the highest levels of risk for all the elements included in the study seem to be associated with the route of ingestion of
dust particles.
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BW"" = (51.5 58.3 62.1 73.2) ke 70a AT =365®(70 70 70 70)d.  SL
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SA . . . 0.2 0.2 0.2) mgecm *d' SL*" = (0.07
(2008) 0.07 0.07 0.07) mg=em >d~'.  PEF ABS

SA™™ = (11320 2110 2345 2940) cm’

PEF = (1.36 1.36 1.36 1.36) x10° m*kg ™'

SA™™ = (1830 1110 1250 1440) cm’. US EPA ABS=(1.0 1.0 1.0 1.0) x 10",
AT SF RID  USEPA
=365R®)(24 24 24 24)d AT =365®R)( 6
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Table 1 Reference doses for non-cancer-causing metals and slope factors for carcinogenic metals
RfD,,,/( mgekg~'d ") RfD,,/ (mgekg 'd") RED o / ( mgekg ~'+d 1) SFm/( kged=mg ")

Zn 0.30 0.30 0.06

Pb 3.50x10? 3.52x107? 5.25x107°*

Cu 4.00x10 2 4.02x10 2 1.20 x 10 2

Cd 1.00 x 10 3 1.00 x10 3 1.00 x10~° 6.30

Cr 3.00 x 10 * 2.86 x10 7 6.00 x 10 ~° 42.0
3.3 1077 2.75x107".Cd  Cr
3.3.1 (7) 4.17x10°% ~ 8.86 x10°7

a- 2.76 x10 7.

Cd Cr . US EPA 10~

( ICRP)
( 70a) 5x107°.
. Cd
1.74 x107"° ~ 4.96 x10~° US EPA  ICRP (
4.05x107" 2.57x107° 20009; 2009)
1.49 x107%; Cr 4.15x107° 2.

~ 8.81 x107’ 7.87 x107° 4.71 x

2
Table 2

Levels and values of the assessment standards

I 1.0x1077 1.0x1079)
I 1.0x107% 1.0x107%)
I 1.0x107° 5.0x107%)
v 5.0x107° 1.0 x107%)
\ 1.0x107* 5.0x107%)
VI 5.0x107* 1.0x107%)
VI 1.0x1073 5.0x10°°




8 1795
Cd Cr
a=0
2 (16) 2 Pb.Cu Cr
Cr 0.930 1.0
0;Cd Cr I
0.927 1.0
0.
2 2
(12) (13)
3.3.2
~ (3) 4. 4
1. 888 1.0
( 97.8% .0.1% 2.1%.
~ 3. 0.278 1.0
3 N
3
Table 3 Intervals of non-cancer risks under different exposure pathways
Zn 0.026 ~0.284 5.41 1077 ~9.50x107% 1.09 x10"* ~1.64 x10 3 0.026 ~0.286
Pb 0.073 ~1.360 1.48x107%~4.53 x107° 4.01 x10™* ~1.05 x10 3 0.073 ~1.361
Cu 0.038 ~2.131 5.33x107% ~4.85x107% 7.27 x107° ~5.47 x10~* 0.038 ~2. 131
Cd 0.009 ~0. 188 1.83x1077 ~6.28 x107% 7.42x107* ~2.16 x 10 2 0.010 ~0.210
Cr 0.107 ~1. 669 2.30x107* ~5.85x1073 4.43 x1073 ~9.61 x10 > 0.112 ~1.771
0.253 ~5.632 2.32x107* ~5.92x107% 5.75x107° ~1.21 x10 ! 0.259 ~5.759
Zn 0.004 ~0.041 4.08x1077 ~4.38x107% 1.85x107° ~2.79 x10~* 0.004 ~0. 041
Pb 0.011 ~0.195 1.12x107%~2.10x107° 6.80 x107° ~1.79 x10 73 0.011 ~0.197
Cu 0.006 ~0.215 4.02x1078~2.25x107% 1.23x107%~9.55x10 73 0.006 ~0.215
cd 0.001 ~0.027 1.38x1077 ~2.91 x107% 1.26 x10 ™% ~3.69 x10 73 0.001 ~0.031
Cr 0.016 ~0.239 1.73x107% ~2.71 x1073  7.51 x10"* ~1.64 x 10 2 0.017 ~0.259
0.038 ~0.719 1.73x10 7% ~2.71 x107% 9.65 x10 7% ~2.23 x 102 0.039 ~0.743
3.4
Cd Cr
( Masson et al. 2006)
a=0
( a=

0.8)
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~

c., = (43.43 53.11 99.92
256.92) ¢y, = (34.41 50.44 150.31 244.62)

4

Table 4 Expected intervals and expected values of non-cancer risks under different exposure pathways

Zn 0.044 0.184 0.114 1.10x107% 5.75x107°%  3.43x10°% 2.04x10™* 1.02x10? 6.12x10°*
Pb 0.114 0.916 0.515 2.84x107% 2.89x107°  1.59x107° 7.09x107* 8.43x10~* 7.76 x10 ~*
Cu 0.068 1.068 0.568 1.16 x1077 2.33x10°%  1.22x10°% 1.45x107° 2.65x107* 1.40 x10~*
cd 0.015 0.154 0.085 3.86x1077 3.41x10°° 1.89x10°% 1.43x107% 1.20x107? 6.73 x10 73
Cr 0.150 0.979 0.565 3.94x107% 3.27x107%  1.83x107° 7.01x107° 5.52x107? 3.11x107?
0.391 3.301 1.847 4.24x107* 3.31x107*  1.85x107* 9.37x107* 6.93x102 3.94 x107?
Zn 0.007 0.027 0.017 6.90x1077" 2.91x10°% 1.80x107° 3.70x107° 1.81x107* 1.09 x 10 ~*
Pb 0.017 0.136 0.077 1.80x107% 1.48x107° 8.31x10°% 1.28x107* 1.22x107? 6.75 x10~*
Cu 0.010 0.157 0.084 7.30x107% 1.17x10°%  6.23x1077  2.63x107° 4.86x107° 2.56 x107°
cd 0.002 0.016 0. 009 2.43x1077 1.73x107°  9.85x1077  2.59x107* 2.13x107? 1.20x1073
Cr 0.022 0.145 0.083 2.50x107* 1.66x107%  9.56 x107* 1.26x107* 9.78 x10~* 5.52 %1073
0.058 0.481 0.270 2.53x107* 1.68x107° 9.68x107* 1.69x107° 1.34x10"? 7.53 x10 73
4 ( Conclusions)
1) N
. Zn.
Pb.Cu.Cd Cr 5
( Mahmoud et al. 2008) . (
2005) N
2)
Cd Cr
1.49x10™° 2.75x107’
8.86 x 107’ 10°°.

Zn.Pb.Cu.Cd Cr
1.888 1.0
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