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Pollution characteristics and health risk assessment of
heavy metals in dust surrounding a coal-fired power plant

CHEN Geng, LIU Jun, YANG Lihui, KE Zhaoyue
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Abstract: The aim of this work was to measure the concentrations of heavy metals in house dust and soil
samples as well as study the characteristics and distribution of heavy metal pollution in the surrounding ar-
ea of coal-fired power plant in Guangdong Province. The risk assessment of heavy metals in dust was also
carried out using US EPA Health Risk Assessment Model. The results revealed that the order of concen-
trations of metals was Zn >Mn >Pb > Cu > Cr > As > Cd > Hg. The heavy metal pollution levels of dust
were relatively high, which were higher than those in soil to varying degrees. The pollution of Zn, Pb,
Cd and Cu in dust was likely to be anthropogenic, mainly due to industrial and traffic sources. However,
the pollution of As, Hg and Mn in dust was not obviously anthropogenic. Spatial distribution of heavy
metal in dust was clearly affected by soot emissions of power plant. Nemerow Indexes were significantly
correlated with local wind direction and frequency, decreased with incremental distance from the power
plant. It is evident that the concentrations of Pb, Zn and Hg also decreased with incremental distance
from the power plant. Potential health risk for children was significantly higher than for adults. The non-
cancer risk of metals was Pb > Mn > Cr > As > Zn > Cu > Hg > Cd, while the carcinogen risk of metals
was As > Cr >Pb > Cd. In particular, the non-cancer risk of Pb for children was high, which required
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more attention. The non-cancer risks of other metals for children were low. Non-cancer risks for adults

were ignorable. Carcinogen risks of metals were in an acceptable range, indicating no carcinogenic hazard

to children and adults.

Key words: coal-fired power plant; dust; heavy metal; pollution characteristic; health risk
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Fig. 1  Sampling sites of dust and soil

surrounding coal-fired power plant
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Table 1

Parameter values in average daily dose

calculation models of heavy metals in dust

SR o JLEIE BN
OR éé?ﬁ%ﬁ%f\i/ 200 100
(mg-d™)
In W?%%/ 5 20
(m” - d™)
PEF %Hﬂ?ﬁﬂ??v 1.32x10°  1.32x10°
(m” - kg™)
SA i%%giiﬁfifﬁ?fﬂ/ 1800 5000
SL &%%%%/ 0.2 0. 07
(mg - em™)
ABS BERIRICREL 0. 001 0. 001
SR
EF é%ﬁgiﬁﬁg/ 350 350
(d-a™)
ED %ﬁaﬂﬁ/ 6 24
BW Mt/ 15 55.9
kg
365 x6 365 x 24
AT R R/ (FE8UE) (FE8UE)
d 365 x 70 365 x 70
(BUE) (BuU)
CF %ﬁgﬁf 10°° 10°°
(kg - mg™)
A, CDI M IEH FHRER, mg kg™ - d';

Ry HEHRE, mg-kg™' - d™", HHNET - LI
ASEZR G Ry, . RIREAS 8 Ry, FZ DT
WASHE 5 Ry s SF Ry 25 2 8 v 422 10 3500 XU
RER, kg - d - mg™', EEJE A F BRI
Rm$ﬂ SF IJ_IL%% 2,12,27—28,30, .

TEMFRAE: 24 HQ <1 B, DA IR EUE KUK %
ANERT A Z0E 5 24 HQ > 1 BF, AR S0 K
Ko ¥4 CR <107°Bf, I HLHEE X 2 CR =
107° ~ 107" i, AR B0 KU 3 %5 24 CR >
10 B, CHAELESUIE K o

2 #REWHE

RERLMIBEFESES ST

H 3 AT I, WhoE KA h & oo R B
FF K Zn >Mn >Pb >Cu >Cr>As >Cd >Hg, +3
NZEFH Mn >7Zn >Pb >Cu>Cr>As>Hg>Cd, 2
A E SRR, 8 TR & RN
P& T P S &, HrpZn, Pb, Cd, Cu
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Table 2 Reference doses and gradient factors of heavy metals for different exposure routes

TE Ry, Ry Ry, SF

Pb 3.5x10°° 3.52x107° 5.25x107* 8.5x107°(H)

Zn 0.30 6.0x107° 0.30

As 3.0x107* 8.6x1077 1.23x107* L50E),7.5(K&k) , 1. S(MEIR)
Cu 4.0x107? 1.2x107? 4.02 x107?

Mn 4.7x107? 2.4x107° 1.40 x107°

cd 1.0x10~° 1.0x107° 5.00 x107° 6. 4 (%)

Cr 3.0x107° 6.0x107° 2.86 x107° 42 (IR )

Hg 3.0x107* 8.57x107° 2.10x107°

SR R o E R 113 5 7.3 A5 T A
SoURE, HEAEIAS LR IKAY Zn, Pb, Cu,
Cd FH{E 52 7 (51 6 ~ 8 15, 5AWII
ZERET, BRI Zn, Mn, Cd, Cr Z4MEH & &
IWENEO0.1~0.54%, Pb, Cu, Hg V- &iaE
FLZAMEE 0.1 ~0.7 %, As U= A

B dbmT. TR T AR R ER A

RAPEEROOITE (3), @ HA S
HACEFR L, BRI (R, HRUI
) SRCHIZ RO B T 45 g )@ = X, AT
BURTE G JE & ARG HECH AR 9 MK,
ARG A B8 SR, HA Pb Zn, Mn,
Hg Jyfizi, Cu, CdASE —fio Al WFFEIXIAR
ARFE R IG AR E N K

*3 BAEGESTESHELT

Table 3 Summary of analytical results of heavy metals concentrations in dust

G B% w/Cmg - ke )
Ph Zn As Cu Mn Cd Cr Hg
454 332 1137 6 172 717 1.3 92 0.91
/MY 105 170 57 387 0.1 18 0. 003
S ﬁ?j;{ﬁ 769 5 840 19 381 1 800 7.8 404 3.39
P2 136 1194 72 263 1.8 77 0. 80
95% UCL 372 1 484 193 793 1.8 115 1.13
+ 55 46 102 34 381 0.1 28 0.73
gt 213 687 186 0.97 219
Jesei 51 64 564 0.47 77
Hwp 74 145 12 78 0.31 84 0.16
P2 181 462 13 71 558 149
Kok 1502 2 031 180 56 70
BANT LI A 132 1071 68 4.5 97
HpE 312 2 690 259 1347 20.7 145
2z s 9 227 86 0. 84 95
T 243 297 39 54
13,48 % 55 (0] 83 549 81 586 110
R 122 296 10 66 1.21 0.41 0.21

1)95% UCL K- FEXMARY 95% E A R

2.2 RFEWNESZIWESHHELR
TR X LA B X R &
HAL B R AE S PRI i, 7 LSRR = S M 4
RHEAH, &AL R4 Ph E R A A X R 2E R
-26.1% ~ 18.1%, 7Zn & & W A X 1% 2 N
-39.8% ~ 33.8%, Cu 2 & W M X% 2 N

-17.3% ~18.5% , Mn F 8 IFXRZEN -1.7%
~23.8%, Cr F X R 2ZE N -33.1% ~
32.5% , As G MR 2E KR 312% ~ 1 833% ,
Cd 7 Hg SAAG o BRI Ty vk A i BRA ,
AR R Cd 1 Hes As 0B85 R 0w ok,
WHEEEZE; i Pb, Zn, Cu, Mn FI Cr fy gl 25 55
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Table 4  Enrichment factors of heavy metals in dust

LR As Cd Cr Cu Mn Pb Zn Hg
EF {8

2.83 16.95 7.96 12.25 4.58 17.7427.30 3.02

IR BRERAh&ESRENEEH T
(EF) HEFF A Zn >Pb > Cd > Cu > Cr > Mn > Hg >
As, Zn, Pb, Cd, Cu i§ EF {H > 10, Z3|1g AN
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Table 5 Nemerow indexes of heavy metal pollution and

weather conditions on sampling sites

Wem H5e)HXT ZH)R X

i Jr i WAE % e
14 Pifg 1 km NE 4.4 3.07
24 Pidt 1 km SE 3.9 2.24
3¢ %4t 1 km SW 7.5 4.28
44 Z<4t 3 km SW 7.5 2.88
S5# %At 5 km SW 7.5 1.94
64 ZH5 1 km NW 8.6 5.26
T4 % 3 km NW 8.6 4.54
8# 75/ 5 km NW 8.6 4.62
25 Al &S RAE S EIS RN 5
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Table 6 Evaluation of health risk assessment for heavy metals in dust
A A1 b 2 L . -togt! s p LA B
W T ORI (e ke 4 ) SORHIRERY i Som cR
F-on Hz Ik I (mg-kg™ =d™)
Ph 4.76 x107° 8.56x10°° 3.60 x10°° 4.08 x107* 1.368 3.47x10°°
Zn 1.90 x1072 3.42x107° 1.44 x107° 0.064
As 8.95x107° 1.61x1077 6.78 x107® 7.69 x107¢ 0.301 1.16 x107°
Lat Cu 2.47x107° 4.44x10°° 1.87 x10°° 0.062
L& Mn 1.01x1072 1.83x107° 7.68 x107° 0.772
cd 2.30x107° 4.14x107° 1.74 x107° 1.49 x107° 0.023 9.56 x107°
Cr 1.47 x107° 2.65x107°° 1.11x107°° 9.55x107" 0.573 4.01x107°
Hg 1.45x10°° 2.60x107° 1.10x107* 0.050
Pb 6.38x107* 2.23x107° 4.84x1077 5.47 x107° 0.184 4.65x1077
Zn 2.55x107° 8.91 x10°° 1.93x107°¢ 0.009
As 1.20x107° 4.20x107° 9.10x107° 1.03x10"°° 0.041 1.57 x107°
. Cu 3.31x10°* 1.16 x107° 2.51x1077 0.008
A Mn 1.36 x10~° 4.76 x10°° 1.03x10°¢ 0.105
cd 3.09 x10°° 1.08 x107° 2.34x107° 2.01x107" 0.003 1.28 x107°
Cr 1.97 x107* 6.90 x107’ 1.50 x107’ 1.28 x107* 0.082 5.38 x1077
Hg 1.94x10°° 6.78 x107° 1.47x107° 0.007
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