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Abstract: The exposure and health risk assessment of heavy metals of the surrounding municipal solid waste incinerator(MSWI) was evalu—
ated using the US EPA risk assessment model. The carcinogenic health risk results showed that risk values of Cr via inhalation were 2.15x%
10#~5.75x107 for children and 8.59x107~2.30x107 for adult, higher than the risk threshold level 1. The highest values of As and Pb were
1.84%107 and 1.60x107°, lower than the acceptable level; The carcinogenic health risk values of heavy metals via inhalation exposure were
Cr>As>Pb with lower value for children than adult, and the value was reduced with the increased distances to MSWI. The carcinogenic
health risk of heavy metals via dermal contact exposure was within acceptable level and higher for adults than children. The carcinogenic
health risk order of heavy metals was As>Pb>Cr. The carcinogenic health risk of heavy metals via ingestion exposure was also within accept—
able level and higher for children than adults, with the carcinogenic risk order as Cr>Pb>As. The hazard index of T for children was 1.02~
1.40, higher than the safety threshold level(=1), indicating the potential carcinogenic risk to children. The highest value of Tl for adult was
0.194. The hazard index of Cr for children were 0.633~1.37 and 1.02~1.40 for adult, indicating it might pose non—carcinogenic risk to chil—
dren and adults. The highest hazard index values of Ni Cu.Zn Cd As Hg for children and adults were:4.66x107",1.58x1072 1.15x1072,
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9.40x107".4.83x107"  1.91x1072, with the HI order as Cr>TI>Cd>As>Ni>Cu>Zn>Hg. Our results indicated that Tl and Cr exist health risk

in this study area.

Keywords : municipal solid waste incinerator( MSW1); health risk assessment; heavy metal
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Table 1 Exposure parameters in the equations form (1) to (3)
Exposure parameters Children Adult
A IngR (Ingestion ration ) 200 mg-kg™ 100 mg-kg™
FFFINA] . ET(Exposure time ) 24 h 24 h
SEFEI . EF(Exposure frequency ) 180 d-a” 180 d-a”
FF&EI}E] : ED(Exposure duration ) 6a 24 a
S Rk : A F(Skin adherence factor for the airborne particulates ) 0.2 mg+cm™ 0.2 mg+cm™
SEHIATE . BW (Average body weight) 15 kg 70 kg
T4 2850 . CF(Conversation factor) 10 kg-mg™ 10 kg mg™
J R Ml AT . SA (Surface area of the skin that contacts the airborne particulates ) 2800 cm? 5700 cm?
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Table 3 Non-—carcinogenic risks via inhalation exposure
Lz A
Circle 1  Circle 2 Circle 3  Circle 1  Circle 2 Circle 3
Ni 4.66E-01 3.43E-01 2.14E-01 4.66E-01 3.43E-01 2.14E-01
Cd 9.38E-01 9.03E-01 4.98E-01 9.38E-01 9.03E-01 4.98E-01
As 3.33E-01 3.24E-01 3.15E-01 3.33E-01 3.24E-01 3.15E-01
Cr 7.98E-01 5.59E-01 2.98E-01 7.98E-01 5.59E-01 2.98E-01

JLER

X2 BEEREIITER SFo IUR RfDo .GIABS RfCi {&
Table 2 Concentration of SFo JUR .RfDo .GIABS \RfCi for As and other metal

| As cd Cr(VI) Cu Pb Ni Tl Zn Hg
SFo 1.5E+00 — 5.0E-01 — 2.8F-01 — — — —
IUR 4.3E-03 1.8E-03 8.4E-02 — 8.0E-05 — — — —
RfDo 3.0E-04 1.0E-03 3.0E-03 4.0E-02 — 5.0E-02 1.0E-05 3.0E-01 3.0E-04
GIABS 1 0.025 0.025 1 1 1 1 1 1
RfCi 1.5E-05 2.0E-05 1.0E-04 — — 1.0E-04 — — —

T —FR IO .
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Table 4 Carcinogenic risks via inhalation exposure Table 5 Non-carcinogenic risks via dermal contact exposure
— L ['UN . Lz I'UN
Circle I~ Circle 2 Circle 3 Circle 1~ Circle 2 Circle 3 Circle 1 ~ Circle 2 Circle 3 Circle I ~ Circle 2 Circle 3

As  1.84E-06 1.79E-06 1.74E-06 7.37E-06 7.17E-06 6.96E-06
Cr 5.75E-04 4.02E-04 2.15E-04 2.30E-03 1.61E-03 8.59E-04
Pb  1.60E-06 1.47E-06 1.02E-06 6.38E-06 5.88E-06 4.09E-06

A Cr>As>Pb,
22 HEBEREXK T
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5 PN, LSRR BN FEREIN TR, Cr
DRSS B KT AT 3R 28 B JOR 2 R 1) A 5 s (i
50 1>Cr>TI>As>Hg>Cu>Cd>Zn ., Pl BEAE B e 55
FIRETIN, Cu  Cr 28 B k22 55 10 =1 3500 fi R XU 140 T o
I, Zn SEREAIRSHE I, TI He  As Je38 s AL, A
RIGIAE 2 PR B A, T RE I AR
Jirt Rl G« He— B W I B AR AN A T IR
23 SRR T G g B XU PP, AR A+ RAEHOR
FIVERAE B 0~20 em Y58, NibfT 7 iR G,
FECRAEMN LA GRS IS B b fe A v 8 4 8
i T AR I IR E A E T R IR 2
PR RIS XA FA T A B Rl
BT Re A E AR T 4l , TSR A
B FLIE S B 3 A oenty e 175 2 A David L S
%% T Newcastle upon Tyne )58 Eel 5 71163 4~ 11
FE i CREETREE 0~5 em) J5 0 & IR B J8] [l 9 B s
| SRS TSR S s JE [ i
G O, PRI E  TE G Can AR e ) %o - 8
T4 A T it DUMRARAS o3 DRI 5 35 R PRI
T RERFI B HLIX BB Bl 0~4 km JE A 100 4> 1
HERE i CREESE 0~20 em) J5 B, Hoty5 Ye i) 4%
e i i - B 4w S e S BUR AP SR
SO ASASAR R ME . PR, B A RAE D =Rl BB G iE %
SEPEAG A ety o) i s SR g2 i, — 2Kk s
B AR ORI 81 % )2 1:.(0~3 em),
[ iz FER AL B XU 11537 peoR T 25 R b X - 43
Ba v L R R, 3R R, AT RE S AR S
I ARG R R S

T4 28 KRR i 2 R 1) B0 AU N2 6 B,
FEAIESE X B U 5 1L, 3 b el 43 JR 3K
SRR R 10*>As>Pb>Cr,
2.3 #OFFEXE T

AW A 2 JE X & (Non - dietary

Cu 4.32E-04 2.58E-04 2.10E-04 5.49E-04 3.28E-04 2.67E-04
Zn  1.66E-04 1.43E-04 3.14E-04 2.12E-04 1.82E-04 4.00E-04
Cd 1.84E-04 1.84E-04 2.50E-04 2.34E-04 2.34E-04 3.19E-04
Tl 2.78E-02 3.80E-02 3.35E-02 3.54E-02 4.84E-02 4.26E-02
Cr 3.03E-01 2.82E-01 1.77E-01 3.85E-01 3.59E-01 2.26E-01
As 1.16E-02 1.22E-02 1.20E-02 1.48E-02 1.55E-02 1.53E-02
Hg 3.88E-03 1.47E-02 3.09E-03 4.94E-03 1.87E-02 3.93E-03
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Table 6 Carcinogenic risks via dermal contact exposure
L A
Circle 1  Circle 2 Circle 3 Circle 1  Circle 2 Circle 3
Cr 1.62E-06 1.51E-06 9.50E-07 8.25E-06 7.68E-06 4.83E-06
As  1.87E-05 1.95E-05 1.94E-05 9.52E-05 9.94E-05 9.85E-05
Pb  3.19E-06 2.73E-06 3.14E-06 1.62E-05 1.39E-05 1.60E-05

JLHE

ingestion {7 I A28 11 55 | I E S0 fa R RURS: PEA 25
Ranzgk 7 pron, AW XL B XU (R = T K
N, X — 25 R R R AT g - L s e R LA
BIEVEMA T AR R 3k , U1 Takaya et al.®f{IRochat
et al PEEF5Y & B T 6 (Hand to mouth )X Fif 7
RAER LA H AR ik ; Warren et al. ™7
WEFE T % far 46 M (lowa ) R i (1 JL B B3R 58 57 1R W e
170 SR A5 R R B A T A A 2 Ly e B
=7, I A 2R U BITE 3~4 B TSR o AF5Y 75
— TG G A A T AT X LB 2 1
i WS AE Circle 1 B2 44 1, i £ Circle 2
Circle 3 B T4 4H 1, REER LA F R 6 . —
SRR E LD TS s EAEA K, PE L EDRS
E40.292~1.172 mg - kg™ ( H A< i T P65 , 7 3
fm AL, ApESE h - rh RS 5 5 1~2.07 mg-
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Table 7 Non—carcinogenic risks via ingestion exposure
L JA

Circle 1 ~ Circle 2 Circle 3 Circle I ~ Circle 2 Circle 3
Cu 1.54E-02 9.21E-03 7.51E-03 1.65E-03 9.87E-04 8.04E-04
Zn  5.94E-03 5.12E-03 1.12E-02 6.36E-04 5.49E-04 1.20E-03
Cd 1.64E-03 1.64E-03 2.24E-03 1.76E-04 1.76E-04 2.40E-04
Tl 9.95E-01 1.36E+00 1.20E+00 1.07E-01 1.46E-01 1.28K-01
Cr 270E-01 2.52E-01 1.58E-01 2.90E-02 2.70E-02 1.70E-02
As 1.39E-01 1.45E-01 1.43E-01 1.48E-02 1.55E-02 1.54E-02
Hg 9.70E-04 3.67E-03 7.72E-04 1.04E-04 3.94E-04 8.27E-05

JTTE
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kg™ W T S TPPAG Iy 2R 26 [ EPA 4 B3
B, e 4 T S5 AU 0.2 mg-kg '™ 2
PR IR LE YRR G, BETELE WA N 2tk Ak I
T Hg.Cd.Pb.Zn Cu [FEER, N3 2 £ ICER I Rfdo
B ] LIE B H A R T HA TR | I S 2o
DI T 5 AR FE s vy, (EHOO LB A 28 11 2%
FE AR BRI XU AR 1 A B AR X
1) Al TG 2R A S0 (R BRE DXUIG: DU 4 7 222 A T A, 2%
AR DX I 28 11 2 % 1) A2 3850 £t B JXURS: 1 R/ NI
N TI>Cr>As>Cu>Zn>Cd>Hg,

25 11 2 8 W Bom KBS PEAE 45 R L3R 8, B b
7 DXl 4 S 1) 0 XURG: f L 2 i TN, U S
10*>Cr>Pb>As,
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Table 8 Carcinogenic risks via ingestion exposure
Lz ['ON
Circle 1 ~ Circle 2 Circle 3 Circle 1 ~ Circle 2 Circle 3
Cr 145E-06 1.35E-06 8.48E-07 6.20E-07 5.78E-07 3.64E-07
As  2.23E-07 2.32E-07 231E-07 9.54E-08 9.96E-08 9.88E-08
Pb  1.14E-06 9.76E-07 1.12E-06 4.89E-07 4.18E-07 4.81E-07

JLER

24 fEEEH

Wk 9 FR o0 T UL X SE E 4 Ja 28 N [ i A2 %)
N7 25 G RE ) AN ORI 9T DX I B 4 s 20
W R IR R 28 11 2% 2 i 12 10 16 3 B A AR I, 75 3]
T IT X304 4 8 6 35§68 2 HI(Hazard index ) .
RIXT T )L, Cr 7€ Circle 1 F1 Circle 2 (1B 25110
1.37 #1 1.09, X F LA , HAE Circle 1 4y 1.21, ¥
T E 1, 1 T F JLENFE Circle 1, Circle 2 1
Circle 3, 43514 1.02.1.40 1 1.23, (A& Cr Ml %4
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Table 9 Value of HI in the study area
JLE UN
Circle I~ Circle 2 Circle 3 Circle 1~ Circle 2 Circle 3
Ni 4.66E-01 3.43E-01 2.14E-01 4.66E-01 3.43E-01 2.14E-01
Cu 1.58E-02 9.47E-03 7.72E-03 2.20E-03 1.31E-03 1.07E-03
Zn 6.10E-03 5.26E-03 1.15E-02 8.48E-04 7.31E-04 1.60E-03
Cd 9.40E-01 9.05E-01 5.00E-01 9.38E-01 9.03E-01 4.99E-01
Tl 1.02E+00 1.40E+00 1.23E+00 1.42E-01 1.94E-01 1.71E-01
Cr 1.37E+00 1.09E+00 6.33E-01 1.21E+00 9.45E-01 5.41E-01
As 4.83E-01 4.81E-01 4.70E-01 3.63E-01 3.55E-01 3.46E-01
Hg 4.85E-03 1.84E-02 3.86E-03 5.04E-03 1.91E-02 4.01E-03
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