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Characteristies of Heavy Metal Pollutants of PM2 ¢ frpm Open Burnlng of

Mun1c1pal Solld Waste (MSW) f;md the Associated Exposure’ Health RlSkS u
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(I Key Ldboratory of Yellow River and Huai River Water Enyironment and Po]lutlon Control, Ministry of Education, School of
EnVlf’(ﬂ)nmeht Henan Normal University, Xinxigng 453007 Chlna 22+ School of Public Health, Xinxiang Medical University, Xinxiang
453003, Chlnd 3 Chinese Research Acaderiy of Env1r0nmentd1 Suences Beijing 100012, China)

Abstrac: The characteristics and health risk assessment for heavy metal pollutants in PM, ; discharged from the open burning of
municipél solid waste (MSW) in different functional areas were studied using a flue gas diluted sampling system. The two common
open burning modes of barrel and natural pile-up burning were considered. The results show that the concentration of zinc (Zn) was
the highest among the heavy metals produced by five different components of waste incineration, ranging from 1 324.03 to 3 703. 12
mg-kg ™. The concentration of cadmium ( Cd) was the lowest, ranging from 20.25 to 63.68 mg-kg™'. According to the geo-
accumulation index, lead (Pb), Zn, arsenic (As), and Cd were highly polluted in the measured MSW samples, and all four of these
metals reached moderate or higher levels of pollution under natural pile-up burning methods. The geo-accumulation index of Cd was
much higher than 5. The resulis of the human health risk assessment showed that non-carcinogenic risk values for 8 heavy metals (Ph,
Zn, Cu, Mn, As, Cd, Cr, and Ni) by respiratory exposure were less than 1, which is within the safe range. For natural pile-up
burning, the total non-carcinogenic risk values for As and Pb for children were higher than 1, indicating a non-carcinogenic risk. The
carcinogenic risk values for four carcinogenic elements (As, Cd, Cr, and Ni) were less than 1.0 x 10™*, but still represented a low
potential carcinogenic risk under exposure for long periods of time.

Key words : municipal solid waste( MSW) ; open burning; geo-accumulation index method(/,,) ; heavy metals; health risk assessment
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Table 4  SF values for respiratory and skin exposure pathways
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two modes of combustion
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Table 5 Hazard quotient of the respiratory inhalation pathway

Bepedr Hiy o Cr As Ni Cd Zn Mn Cu Ph

e JLE 250E-04 7.07E-05 4.49E-07 6.11E-06 1.41E-06 2.65E-03 2.84E-06 5.55E-06

WA 1L4IE-04 3.99E-05 2.53E-07 3.44E-06 7.98E-07 1.50E-03 1.60E-06 3.13E-06

g JLE 3.96E-04 B.61E-05 4.26E-07 6.37E-06 1.76E-06 4.63E-03 2.82E-06 5.35E-06

A 2.23E-04 4.86E-05 2.40E-07 3.59E-06 9.91E-07 2.61E-03 1.59E-06 3.02E -06

gssne g L 262E-04 S.61E-05 4.56E-07 4.70E-06 1.68E-06 2.49E-03 2.67E-06 9.04E -06

A 1.48E-04 3.16E-05 2.57E-07 2.65E-06 9.45E-07 1.40E-03 1.51E-06 5.10E -06

spp L LS3E-04 T.63E-05 2.67E-07 3.72E-06 1.1SE-06 3.28E-03 2.16E-06 5.56E -06

A 8.61E-05 4.30E-05 1.51E-07 2.10E-06 6.46E-07 1.85E-03 1.22E-06 3.13E-06

gy JLEE 2.01E-04 9.94E-05 4.14E-07 4.36E-06 1.48E-06 4.71E-03 2.13E-06 6.70E-06

A LI3E-04 5.61E-05 2.33E-07 2.46E-06 8.35E-07 2.66E-03 1.20E-06 3.78E -06

e JLE 6.59E-04 9.90E-05 6.79E-07 8.21E-06 1.07E-06 5.80E-03 5.18E-06 1.08E-05

A 3.72E-04 5.58E-05 3.83E-07 4.63E-06 6.05E-07 3.27E-03 2.92E-06 6.09E -06

ypgp JLE T.03E-04 1.8SE-04 9.56E-07 1.1SE-05 2.26E-06 8.55E-03 7.16E-06 1.33E-05

A 3.96E-04 1.04E-04 5.39E-07 6.48E-06 1.27E-06 4.82E-03 4.04E-06 7.49F-06

AoEer gk U T.63E-04 1L22E-04 LI4E-06 117E-05 1.26E-06 (6, 14E-03 5.47E-06 :};,;,}9@_*‘505

A 4.30E-04 6.87E-05_ 6.41E-07 6.60E-06 7.09E-07 | 3.46E-03 3.09E~06. 1/01E=~05

sopp LI 3.09E -04 1.30E—i‘)zi,f 5.25E-07 5.13E-06 8.08E-07 | 7.33E-03 3. 8613—06__.,.-"'8.3’31;:_,-06

WA L74E-04 7.31E-05 2.96E-07 2.89E-06 4.56E-07 |4.43E-03 2.18E-06 4/70E 06/

g JLE 4.04E-047 1.53E£04 6.58E-07 5.62E-06 /1.04E ~0676. 203 3.51E-06 '“'1.03}3";955'

SR 2.28E-04 [8.60E 05 37TIE~07 3.17E-06/ 5.868-07 43.90E-03 1.98E-06" 5.77E - 06

g 7 i 7 Y ) ] il
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Fig. 3 Hazard index values for respiratory and skin exposure
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Table 6 Hazard quotient for skin exposure

BeheTr 3 iy MR Cr As Ni Cd Zn Mn Cu Pb
A JLE  2.87E-02 2.78E-01 9.27E-03 1.22E-02 7.11E-03 1.55E-02 6.03E-02 3.73E -0l
WA 4.38E-03 4.25E-02 1.41E-03 1.87E-03 1.09E-03 2.37E-03 9.20E-03 5.69E -02
gy JLE 4.54E-02 3.39E-01 8.80E-03 1.28E-02 8.83E-03 2.7IE-02 5.98E-02 3.60E-0l
A 6.94E-03 5.17E-02 1.34E-03 1.95E-03 1.35E-03 4.14E-03 9.13E-03 5.49E -02
HE A gox LI 3.00E-02 2.21E-01 9.41E-03 9.41E-03 8.42E-03 1.45E-02 5.66E-02 6.08E -0l
A 4.58E-03 3.37E-02 1.44E-03 1.44E-03 1.29E-03 2.22E-03 8.64E-03 9.28E-02
spp LB LISE-03 3.00E-01 S5.5IE-03 7.46E-03 5.76E-03 1.92E-02 4.59E-02 3.74E-01
WA 2.67E-04 4.58E-02 8.41E-04 1.14E-03 8.80E-04 2.93E-03 7.01E-03 5.70E-02
gy LI 2.30E-02 3.91E-01 8.54E-03 8.74E-03 7.44E-03 2.76E-02 4.52E-02 4.50E 01
M 3.52E-03 5.97E-02 1.30E-03 1.33E-03 1.14E-03 4.21E-03 6.89E-03 6.87E -02
e JLEE 7.56E-02 3.90E-01 L40E-02 1.65E-02 5.40E-03 3.39E-02 1.10E-01 7.26E-01
MA 1L15E-02 5.95E-02 2.14E-03 2.51E-03 8.24E-04 5.18E-03 1.68E-02 1.11E-01
gy LI 8.0SE-02 7.29E-01 LO7E-02 2.30E-02 1.I14E-02 5.00E-02 1.52E-01 8 .92E-0I
WA 1.23E-02 1.11E-01 3.01E-03 3.51E-03 1.73E-03 7.63E-03 2.32E-02 1.36E-01
gk g JLED 8. 75E-02 4.79E-01 2.34E-02 2.34E-02 6.32E-03 3,59E-02 1.16E -0l - 1}.-201: +00
M 1L3E-02 7.32E-02 3.58E-03 3.58E-03 9.65E-04  5.48E-03 1.77Ew02 1/83E-01
gopp JLE 3.54E-03 5.10E —i‘nr 1.08E-02 1.03E-02 4.06F-03 | 4.28E-02 8.19E -02 f 5. Sy 01
WA 5.40E-04 7.79E-02 1.66E-03 1.57E-03 6.20E-04 |6.54E-03 1.25E-02 &55E-02
g JLE 4.64E-027 6.00E 01 1.36E-02 1.13E-02 5.22E ~054.04E 02 7.44E - 02 “6. 8].}:1.94:'
ST URA S 7.08E-03 [9.17E —02 207E~03 1.72E-03/ 7.97W-04 46. 1TE-03 1. 14E-02"" 1.05E -01
' i [’ H. ‘.:f 2 “ F = ,- :";d { j
. 2| f ﬂ?“&ﬂ&)\ﬂ’]é@;ﬁ BN u
= ‘ Tdble 7 Incremental llfetfrfle cancer risk from resplrdtoi‘ 1nhaldt10n | ia .
g FF ) masee : A SRR e
T @y = HEJE i — =
e I/ B NS ATER L LN
o B a7 Do A 2.58E-08"_ o 5.81E-08 6.79E - 08 1.53E -07
' ﬁfa ﬂ ) As 2.76E 508 6.21E - 08 3.86F - 08 8.70E - 08
i Ni 6. 66E - 10 1.50E - 09 1.01E -09 2.27E -09
Cd 3.35E -09 7.56E - 09 4.51E -09 1.02E -08
Cr 4.08E -08 9.20E - 08 7.23E -08 1.63E -07
W As 3.36E -08 7.57E -08 7.22F -08 1.63E -07
Ni 1.87E -09 4.21E -09 4.02E -09 9.06E -09
Cd 3.50E -09 7.89E - 09 6.30E - 09 1.42F - 08
Cr 2. 69E - 08 6.07E -08 7.85E - 08 1.77E -07
ek As 2.18E -08 4.93E - 08 4.75E -08 1.07E -07
Ni 6.76E - 10 1.53E -09 1. 68E —09 3.80E - 09
cd 2.58E -09 5.81E -09 6.42F 09 1.45E - 08
Cr 1.57E - 08 3.55E - 08 3.18E - 08 7.17E -08
Fyr As 2.97F - 08 6.70E - 08 5.05E - 08 1. 14E - 07
Ni 3.96E - 10 8.93E - 10 7.79E - 10 1.76E -09
cd 2.04F 09 4.60E -09 2.81E -09 6.34E - 09
Cr 2.07E - 08 4.67E -08 4.16E -08 9.39E - 08
m As 3.87F - 08 8.74F - 08 5.94F - 08 1.34E - 07
Ni 6. 14E - 10 1.38E - 09 9.75E - 10 2.20E -09
Cd 2.39E - 09 5.40E -09 3.08E -09 6.95E - 09

-05 ~8.54F - 05, Cr {9 EUE XU A F 4. 58E - 06 BT, L R E0E XU = T RN 540 AR A
~3.75E - 05,3 Fl i 4 J@ i 8o XU 476 1070 ~ Lo, DA SRR D7 2038 e 7= A5 10 7 4 @ 1 B0 XU
10, A A 2 R i B 4 i AR IR BN B0 AU, AN AR TS (BN RS & 8 2 ] 0 XU B AR AN R



10 4 PRPTAEE . IR AR 16 5 0 R SRR HRI PM, § HH B < JRR ¥ R AR B B e e XU 4343

®8 REREMELEREXE

Table 8 Incremental lifetime cancer risk from skin contact

e SRHEFH AL e
a5 [ MR A ,
JL#E LN JL#E A
Cr 1.23E -05 7.51E -06 3.24E -05 1.98E -05
RA As 2.01E -05 1.23E -05 2.81E -05 1.72E - 05
Ni 3.38E-05 2.06E -05 5.11E -05 3.12E -05
Cr 1.95E -05 1.19E -05 3.45E -05 2.11E -05
28 As 2.44E -05 1.49E - 05 5.26E - 05 3.21E -05
Ni 3.21E-05 1.96E -05 7.19E -05 4.39E -05
Cr 1.29E -05 7.85E -06 3.75E -05 2.29E -05
Eigs As 1.59E -05 9.72E -06 3.46E -05 2.11E -05
Ni 3.43E -05 2.09E -05 8.54E -05 5.22E -05
Cr 7.50E -06 4.58E -06 1.52E -05 9.26E -06
VNHES As 2.17E -05 1.32E -05 3.68E -05 2.25E -05
Ni 2.01E -05 1.23E -05 3.95E -05 2.41E -05
Cr 9.87E -06 6.03E -06 1.99E -05 1.21E -05
i As 2.82E-05 1.72E -05 4.33E -05 2.65E, —05"
Ni 3.11E -05 1.90E - 05 4{95E - 05 ; '3'1021;;(05 r
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