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Health risk assessment of heavy metals of street dust in Beijing
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Abstract: Street dust is an important environmental pollutant in urban area. Long—term exposure to the dust environment would cause chronic damage
through ways of inhalation ingestion and dermal taken. In order to evaluate the potential health risk of street dust in Beijing an extensive survey was
conducted in the urban areas within the Sixth-Ring Road. Totally 225 dust samples were collected from the street surfaces in September 2009 and their
concentrations of Cd Cr Cu Mn Ni and Pb were determined. Human health risk assessment method established by U. S. EPA was used to evaluate
the potential health risk of those heavy metals in the street dust. Except for Mn and Ni the average heavy metal concentrations in the street dust were all
higher than the background values of Beijing where Cr was slightly higher Cu and Pb were 2 ~3 times higher and Cd was 5 times higher than the
background values. The way of chronic daily average exposure was ingestion > dermal taken > inhalation. The non-eancer risk of exposure was Cr > Mn
>Pb > Cu >Ni > Cd for adult and Cr >Pb >Mn > Cu > Ni > Cd for children while the cancer risk of exposure was Cr > Ni > Cd. All the risks were
lower than the average risk thresholds of the heavy metals and would therefore not cause carcinogenic health hazard to human body. Generally the most
potentially harmful heavy metals in Beijing urban area were Cr and Pb. Moreover a comparison among the 14 districts of Beijing with the non-cancer risk
for children showed that downtown > expanding urban area > developing urban area indicating significant relationship with district function. The health
risks of Cu Ni and Pb were correlated with population density and the proportion of built-up area. Therefore proper measures should be taken for the
dust risk management in terms of human activities.
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1 ( Introduction)
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( Acosta et al. 2009)
( Farago et al. 1998)
( Gulson et al. 2006)
( Ferreira-Baptista et al. 2005; Lu
et al. 2009; Zheng et al. 2010) .
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2 ( Materials and methods)
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Fig. 1 Location of study area and sampling sites
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N N ADD,, -
( (mgekg *d"') ADD,,
2009; 2000) (mgekg '*d™") ADD,,,
(U.S.EPA 1996; U. (mgekg'+d™")
S. EPA 2001) . LADD, ,
2.2.2 ~ (mg.kgfl.dfl) 1.
(1) ~(3) ( AT)
- AY 3 .
( U.S. EPA 2001) (EF x ED) AT
(4)
AT
( U.S. EPA 2001)
30 6
24 70
_ IngR x EF x ED 6
ADD,, =C XWX AT 10 (1
InhR x EF x ED
ADD i = € X ppE  BW x AT (2)
_ SA x SL x ABS x EF x ED 6
ADDdemml - C X BW X AT X 10 ( 3) 10% ~ 13% ( 2008)
C xEF InhR 3y X ED 5 A
LADD. , = . o
i = PEF x AT < BW,,., (
HIRBW—Xm) (4) 2009) .
adult
1
Table 1 ~ Parameter values in average daily dose calculation models of heavy metals
c mgekg ™! 95%UCL  95%UCL
ED a 6 24 U. S. EPA 1996; U. S. EPA 2001
BW kg 15 55.9 2009
EF dea™! 350 350 2009
AT( ) d 365 x ED 365 x ED U. S. EPA 1989
AT( ) d 365 x70 365 x70 U.S. EPA 1989
- IngR mged ! 200 100 U. S. EPA 2001
InhR md ! 5 20 2009
PEF m* kg ! 1.32x10°  1.32x10° 2009
SL mg*cm =2 1 1 2009
SA cm?d ! 1800 5000 2009
ABS / 0.001 0.001 2009
1 95% UCL 95%
2.2.3
(5) ~ :
(8) HQ = ADD/R{D (5)
HI = ¥ HQ, (6)

Risk = LADD x SF (7)
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Risk, = X Risk; (8) 3 ( Results)
HQ
; ADD 3.1
; RID ( SPSS
2009) N 2
(mgekg 'ed™"); HI
HI K-S
HQ HI Mn
<1 HQ HI>1
; (SF) ( 2
2009) Mn.Ni
(mgekg '*d™"); Cr
Risk Cu.Pb 2~3 Cd
Risk
10°°~10"" ( 1 100 1 5
)
2 (n=225)
Table 2 Summary of analytical results of heavy metals concentrations in urban street dust of Beijing( n =225)
Cd Cr Cu Mn Ni Pb
3.94 180.95 221.96 920.41 90.11 244. 40
0.06 41.22 12.86 372.58 9.21 11.62
4.00 222.16 234.82 1292.99 99.33 256.02
0.47 77.36 63.73 564.12 23.60 50.79
95% UCL 0.44 77.17 63.60 564.12 23.43 50.49
/ 66.67 5.38 18.26 3.47 10.78 22.03
0.074 68.1 23.6 705 29 25.4
“ / 7 mgekg ! ( 1990) .
3.2 Cu>Pb >Ni>Cd
95% UCL ;
(1) ~(3) 1 3
3 7.15
Mn > Cr > - > >
3
Table 3 Average daily doses for each metal and exposure pathway
ADD,, /( mgekg '+d ') ADD;,, /( mgekg~'+d ") ADD,,,, /( mgkg~'+d ") LADD,,,
/(mg-kg™") /(mgekg~led ")
cd 0.44 5.60x107%  7.63x10°7  1.08x10°" 1.15x10°"  5.11x10"%  3.81x1073 4.89 x10 "
Cr 77.17 9.86 x10~* 1.33x10°*  1.87x10™°  2.00x10~° 8.88x107%  6.62x107° 8.48 x10~°
Cu 63.60 8.13x10°* 1.09x107*  1.54x107° 1.66 x107° 7.32x107°%  5.45x10°° —
Mn 564.12 7.21x107*  9.68x10°*  1.37x107® 1.47x10°8 6.50x107°  4.84x107° —
Ni 23.43 2.99x107*  4.02x107°  5.67x107  6.09x10° 2.70x10°®  2.01x10°° 2.57x107°
Pb 50. 49 6.45x107*  8.66x107° 1.23x107° 1.31x107° 5.81x10°%  4.33x10°¢ —
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3 —
- - > >
99% -
95% . (4) Ni.Cr.Cd 87%  12%
3 56% 43%.
Cr>Ni>Cd Cr>Mn >Pb > Cu > Ni > Cd
Pb Mn. Cr. Mn.
3.3 Pb 1 ~2
4 6 RfD . 1
( 2009)
HQ. 4
4
Table 4 Hazard quotient and risk for each element and exposure pathway
RID,,, RID,,, RD,,.., HO,. HO., HO,. il
/(mgekg'+d™") /(mgekg'd ") /(mgekg'+d ") *
Cd 1.00 x 10 3 1.00x107%  5.00x10™°  5.69x1073 1.08 x10 ~# 1.2x107*  6.70 x10~?
Cr 5.00x107*  2.86x107°  2.50x107™*  1.97x107'  6.54x10°  3.56x10°2  2.33x10""
Cu 3.70x107% 4,02 x107? 1.90x107%  2.20x1072  3.83x107%  3.85x107* 2.58x107?
Mn 4.70 x10 2 1.40x107°  2.40x1073 1.54 x10 ! 9.75x107*  2.70x10"%  1.81x10"!
Ni 2.00x107%  2.06 x10 2 1.00 x10~* 1.50x107%2  2.75x107*  2.70x107%  1.77 x107?
Pb 3.50x107%  3.52x107°  5.25x10°*  1.85x10°'  3.47x107’ 1.11x1072  1.96 x10"!
5.79 x10 ! 1.04 x10 73 8.13x1072  6.60x10~"
cd 1.00 x 10 ~* 1.00x107%  5.00x107°  7.63x107*  1.15x10°%  7.63x10°* 1.52x10"?
Cr 5.00x107%  2.86x107°  2.50x10°*  2.65x107%  7.01x107°  2.65x107% 5.30x1072
Cu 3.70x107%  4.02x107? 1.90x107%  2.94x107%  4.11x10°%  2.87x1073 5.82x107°
Mn 4.70 x10 72 1.40x107°  2.40x107°  2.06x107? 1.05x107*  2.01x1072  4.18x107?
Ni 2.00x107%  2.06 x10? 1.00x107%  2.01x107%  2.95x107%*  2.01x107° 4.02x1073
Pb 3.50x107%  3.52x107%*  5.25x10°*  2.48x107%  3.73x107’ 8.25x107°  3.30x107?
7.76 x10 =2 1.12x107*  6.05x107%  1.39x10~"
3.4
Cr>Cd >Ni ( HQ) 1
( 5) 1
Cr>Ni 1
> Cd. 3 14
10°°~107* . (
2010) . 2
5 HI
Table 5 Slope factors for carcinogens and the carcinogenic risks 0.5~1.0
SF,y, /( mgekg ~'ed ") . 0.8 ~1.0.
cd 6.4 3.13x1071° 0.6~0.8 <0.6 3
Cr 42 3.57x1077
Ni 0. 84 2.16x107°
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Fig.2 Non-eancer risks of each administrative district
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3 _
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( THI) § ~ 2009; 2010) . -
3.0
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! e OB AR
I ( Wei et al. 2010)
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) ) . ( Hjortenkrans et al. 2006)
4 ( Discussion)
4.1 4.3
HI( Pb) HI( Cr)
HI( Cr) HI(Pb) (  2)
( PMZ.S‘PMIO)

( Charlesworth et al. 2003)
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( Ahmed et al. 2006; Kim et al. 1998) .

. Pb.
Cu.Ni ( THI)
A} > ( 4)
Pb. Cu.Ni
( Ozdilek et al. 2007) .
5 ( Conclusions)

U. S. EPA
> > -
2) Cr>Mn >Pb
>Cu>Ni>Cd Cr >
Pb >Mn > Cu > Ni > Cd
; Cr
>Ni>Cd Cr.Pb
3)
4)
Pb Cr
Pb
Pb Pb
Pb. Cu.Ni
( THI) . .
Pb.Cu.Ni
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