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Pollutlon Characterlstlcs and RlSk A)ssessment of Heavj; Metalé in Surface Dusts and

Surroundlng Green Land Soﬂs from Yellow River Custonr Tourist Line in Lanzhou

LI ]urfn LI Kei- mmg , ' WANG Xiao-huai' , JIAO Liang®, ZANG’ Fe} MAO Xiao-xuan*, YANG Yun-qin', TAI Xi-sheng'

(1.Cdl 1ege off Urban Emlronment Lanzhou City University, Lanzhou 730070 Chmd 2. Key Laboratory of Resource Environment and Sustainable Development of Oasis,
Gansu Provmce Northwest Normal University, Lanzhou 730070, China; 3. College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020,
China; 4. Key Laboratory for Environmental Pollution Prediction and Control, Gansu Province, College of Earth and Environmental Sciences, Lanzhou University, Lanzhou
730000, China)

Abstract: In order to investigate the contamination levels of dust and its surrounding green land soil heavy metal pollution and potential ecological and health risks in the scenic
areas of urhan waterfront parks, the gardens, squares, and theme parks of the Yellow River Custom Tourist Line in Lanzhou were selected as the research area, using 27 dust
samples and 26 soil samples from its surrounding green lands. The contamination characteristics and potential ecological risks of eight heavy metals ( Cr, Ni, Cu, Zn, As, Cd,
Hg, and Ph) were evaluated using the geo-accumulation index (1., ) , single-factor pollution index (P; ), Nemerow integrated pollution index (Py ), and improved potential
ecological risk index (RI). The human health risk assessment was also evaluated using the exposure risk model. The results showed that the average concentrations of the other
heavy metals in the surface dusts were higher than the background values of Gansu Province and Lanzhou City, except that the As mean concentrations in the surface dusts and
the surrounding green land soils were slightly lower than the Gansu Province background values. For its surrounding green land soils, the mean concentrations of the other
heavy metals (Cu, Zn, Cd, Hg, and Pb) exceeded the soil background values of Gansu Province and Lanzhou City, whereas the Cr and Ni mean concentrations were lower
than their corresponding soil background values of Gansu Province and Lanzhou City. The geo-accumulation and single-factor pollution indices demonstrated that a slight to
moderate pollution of Cr, Cu, Zn, Cd, Hg, and Ph occurred in surface dusts, and Cu, Zn, Cd, Hg, and Pb appeared in varying degrees of contamination levels in its
surrounding green land soils. The Nemerow integrated pollution index analysis manifested that the overall contamination status of the study areas was between slightly and
heavily polluted. The potential ecological risk index suggested that Cd and Hg were recognized as significant pollutant elements and that the RI of the other heavy metals were
all below 40, presenting slight ecological risk. The health risk assessment indicated that ingestion was the dominant exposure pathway for heavy metals from the surface dusts
and the surrounding green land soils, and no carcinogenic and noncarcinogenic risks posed threats to adults and children.

Key words: dusts; soils; heavy metal pollution; ecological risk; health risk; Yellow River Custom Tourist Line
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Fig. 1 Distribution of surface dusts and its surrounding greenbelt soil sampling

sites in the Yellow River Custom Tourist Line in Lanzhou
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Table 1  Classification criteria of heavy metal pollution assessment method in dusts and soils
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Table 2 Classification division standard of heavy metal potential ecological risks in dusts and the surrounding

greenbelt soils from the Yellow River Custom Tourist Line in Lanzhou

o TSR SR
ik BRARURUBRE rp G JRURS: B AR AR KU R XU
SRR E(ED) <40 40 ~80 80 ~ 160 160 ~320 >320
AT SRR B (RI) <110 110 ~220 220 ~440 — >440
L4.2 (EEERS PN IE cpp - Cix InhR x EF x ED .
Z M 3 F W A% & ( United States "™ PEF x BW x AT
Environmental Protection Agency, USEPA ) fif FE XU CDI. = C; x SA x AF x ABS x EF x ED x CF
N e N . N P derm T
PR I8 4 3 1 A N B R AR 3 b AR 15 BW x AF
EUBAERE SR XEBFSE X BRI 19 AR A T A (8)
A A 5 40 B A R A e SUT L CDL,,  CDL A CDL,, J3308 T REA L PFIR
KA LRSS MR R B JER A b i A ) B 4 0 A H 3 R R R
RRRHAR T OREMNARS T me(kged) ™ GOy T 4 8O0 3 55 A
Wi . mg-kg . A (6) ~(8)E@/H\f@7§§&/ﬁ>‘($§ﬁxﬁu
cpp - CixIngR x EF x ED x CF . B et N FIL AR [ 22 8 3% 70 F5 AR P D 8
o = BW x AT A s ORI 3, / 7
. I ! ‘.J',-’
£3 | FREFEE TORERRERSHEST \ S 4
Table 3 Pat'amelér values of health risk assessment under lhe“-(‘lifferent-"(;xposufe pathways J
3 72 | N/ BF wr, ) Pl J BE P
sy VL, . i g~
e =) F F-OEARBR) ¥V 7 mg+d ! S i ~ 400 200 %
IngR || - EF—H%)\%:(‘..Z{Z%) ,.J J mg-d ! g | " 20 50 e
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Table 4  Values of reference dose for non-carcinogenic metals (RfD) and slope factors
for carcinogenic metals (SF) under the different exposure pathways
JLE RfD4, RfDypy RID e SF4 SFapng SF e
Ni 2x1072 9x10°° 5.40 x 10 73 1.70 8.4x107! 4.25 x10
Cu 4x1072 4x1072 1.20 x 10 72 — — —
Zn 3x107! 3x107! 6x1072 — — —
Cd 1x10°3 1x1073 1x1073 3.8x107! 6.30 3.8x107!
Pb 3x1073 3.52x1073 5.25x10°* 8.50 x10 73 4.20 x10 2 —
Cr 3x1073 2.86 1073 6x1073 5%x107! 4.02 x10 2x10
As 3 %104 3x10°4 1.23 x10 % 1.50 1.51 x10 3. 66
Hg 3x107* 8.57 x10 73 2.10x10°° — — —
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Table 5  Descriptive statistics of heavy metals in surface dusts and the surrounding greenbelt soils in the Yellow River Custom Tourist Line in Lanzhou

WH Cr Ni Cu Zn As cd Hg Pb
B RAH/mg-kg ™! 198.56  53.42 97.53  418.78 18.2 2.45 0.13 124. 89
WL % /IME/mg kg ™! 49.47  22.66 18.26 48. 84 8.3 0.15 0.04 15.81
28/ mg-kg ™! 78.75  36.17 54.33  246.53 12.3 1.36 0.07 65.77
5 FH % 35.15 16.27 41.62 36.93 24.72  48.99 36. 12 42.90
B RAf/mg-kg ™! 81.88  36.15 40.77  169.95 14.2 0.88 0.33 53.13
S 1 b % /IMB/mg kg ™! 49.31  22.66 18. 07 47.01 8.7 0.13 0.01 17.54
28/ mg-kg ™! 61.00  30.29 26. 45 91.53 11.5 0.33 0. 09 28.33
A5 RE % 9.65 9.42 17.21 31.87 10.92  47.18 98. 09 25.86
Hifrs i%m?%?{ami/mg-kg* 70.20  35.20 24. 10 68. 50 12. 60 0.12 0.02 18.8
2%ME NN EHOCETRME Y /mg-kg™! 63.85  30.34 21.92 55.73 10. 46 0.175 0.028 21.7
AR P XU 9 B 41 142) /mg - kg ™! — 900 18 000 — 60 65 38 800
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Fig. 3 Proportion of single factor pollution index (P;) of heavy metals in surface dusts and the surrounding

greenbelt soils from the Yellow River Custom Tourist Line in Lanzhou
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soils from the Yellow River Custom Tourist Line in Lanzhou
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Table 6  Classification statistics of potential ecological risk index of heavy metals in surface dusts

and the surrounding greenbelt soils in the Yellow River Custom Tourist Line in Lanzhou

G E S AR MR A NS A PR R LM b A A B AR R R
R HEBIL LRyt B A Bm owm BE RMOPE BE M LR
Cr 1.55~6.22 0.43~2.15 270 0 0 0 26 0 0 0 0
Ni 3.73 ~8.80 3.73~5.96 27 0 0 0 0 26 0 0 0 0
Cu 4.17~20.88  4.12~7.61 270 0 0 0 26 0 0 0 0
g Zn 0.88 ~7.51 0.84 ~3.05 27 0 0 0 0 26 0 0 0 0
' As 8.07~17.37  8.36~13.58 27 0 0 0 0 26 0 0 0 0
Cd  24.92~419.40 21.58~150.2 2 1 5011 8 6. 18 2 "1
Hg — 64.43~174.45 17.22~607.36 0 7 17 3 0 5 12 " ol i 5]
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Table 7 Exposure pathway and non-carcinogenic health risk assessment of heavy metals from the surface

dusts and the surrounding greenbelt soils in the Yellow River Custom Tourist Line in Lanzhou

e oy HQ= 0 HOQ et HQ g 4 HI
’ LN JLE LYN JLE LN JLE A JLE
Cr 4.43x107% 3.17x107" 4.72x107° 8.73x107¢ 2.83x107" 1.40x107'° 4.43x1072 3.17x107!
Ni 3.05x107% 2.18x1072 7.23x107° 1.34x10°% 4.02x107° 1.98x10°* 3.17x10"% 2.21x1072
Cu 2.29%x107% 1.64x1072 4.89x1077 9.03x10°7 2.72x107° 1.34x10™* 2.32x107% 1.65x1072

MR Zn 1.39x107% 9.91x107% 4.44x1077 8.20x1077 2.46x107° 1.21x107* 1.41x10"% 1.00x10"?

N

As 6.92x107%2 4.95x107" 7.38x107% 1.36x107° 6.00x107* 2.95x107* 6.98x107%2 4.97 x10"!
cd 2.30x107% 1.64x1072 2.45x1077 4.52x1077 8.16x10°* 4.02x107% 3.11x107% 2.04x1072
Hg 3.94%x107% 2.81x107% 1.47x1077 2.72x1077 2.00x107° 9.84x10™° 4.14x10™* 2.91 x1073
Pb 3.70x107% 2,64 x107" 3.36x1077 6.21 x1077 7.51x107* 3.70x107% 3.78 x107% 2.68 x10~!
Cr 6.87x107% 6.13x1072 4.04x107% 6.85x107% 2.20x10"" 1.08 x107'* 6.87x107% 6.13 x1072
Ni 511 x107% 4.57x1073 6.68x107° 1.13x107* 3.36x107° 1.66x10"* 6.12x10"* 4.85x103
Cu 2.23%x107% 1.99x107% 2.63x1077 4.46x1077 1.32x107° 6.51x107° 2.37x10™* 2.06x1073

St Zn 1.03x107* 9.20x107* 1.82x1077 3.08x1077 9.15x10°% 4.50x107° 1.12x107* 9.65x10*
As 1.29x107%2 1.16 x10°" 7.61x107% 1.29x107° 5.61 x10™% 2.76x107% 1.35x10°%2 1.18x10"!
Cd LIIx107% 9.95x10™* 6.55x10°% 1.11x1077 1.98x10°* 9.74x10°* 3.09x10°* 1.97x1073
Hg 1.OIx107% 9.05x10™* 2.09x1077 3.54x1077 2.57x107° 1.27x107* 1.27x10"* 1.03x107?
Pb 3.19x107% 2.85x1072 1.60x1077 2.71x1077 3.24x107* 1.59x107% 3.51x107% 3.01 x1072

1) bR FARAFEE N AR LEE XS B HI 43508 1.62 x 10 7 Al 1. 15,

10!

S+ HEAEBE N AU AL EEXF BB HI 435108 2,53 x 10 ~2H1 2. 21 x
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