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Pollution Evaluation and Risk Assessment of Heavy Metals from Atmospheric

Deposition in the Parks of Nanjing

WANG Cheng, QIAN Xin " SUN Yi-xuan, WANG Jin-hua
(State Key Laboratory of Pollution Control and Resources Reuse, School of the Environment, Nanjing University, Nanjing 210023,
China)

, LI Hui-ming ",

Abstract ; Contents of heavy metals involving As, Cd, Cr, Cu, Ni, Pb and Zn from atmospheric deposition in 10 parks of Nanjing were
analyzed. The pollution level, ecological risk and health risk were evaluated using Geoaccumulation Index, Potential Ecological Risk
Index and the US EPA Health Risk Assessment Model, respectively. The results showed that the pollution levels of heavy metals in
Swallow Rock Park, Swallow Rock Park and Mochou Lake Park were higher than the others. Compared to other cities such as
Changchun, Wuhan and Beijing, the contents of heavy metals in atmospheric deposition of parks in Nanjing were higher. The
evaluation results of Geoaccumulation Index showed that Pb was at moderate pollution level, Zn and Cu were between moderate and
serious levels, while Cd was between serious and extreme levels. The ecological risk level of Cd was high. The assessment results of
Health Risk Assessment Model indicated that there was no non-carcinogenic risk for all the seven heavy metals. For carcinogenic risk,
the risks of Cd, Cr and Ni were all negligible (Risk <1 x 10
acceptable (10 ™® <Risk <107*).

Key words :park dusts; heavy metal; ecological risk; health risk; Nanjing City
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Fig. 1 Spatial distribution of sampling sites and ecological risks of heavy metals in park atmospheric depositions in Nanjing
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Table 1  Parameter values for average daily dose calculation models of heavy metals
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HETFHLL el 12.54 6. 480 133.38 449. 16 49. 64 184. 87 601. 83
PN/ 10. 03 5.910 137.57 209. 23 45.91 209. 64 716.76
S iBUw /N T 10. 46 5.013 48.51 103. 83 45.74 115.24 528.78
R YN 11.36 4.922 59.76 95.03 40.07 118. 10 440. 28
g}zm}m 9.713 4.350 85. 59 108. 68 40.37 135.63 401.13
LR 8.957 4.759 44.20 103. 16 56. 87 94. 59 398. 31
Eq U] 11.72 4.425 35.21 53.87 34.15 121. 10 330. 44
IR A [ 12. 04 5.474 153. 88 326. 55 51.05 210. 60 678.78
A9 10. 79 5.445 64. 00 131.05 47.87 158.73 743. 95
(A EN T 10. 11 5.063 50. 81 102. 28 41.53 125.02 426. 37
LIRS 3y sef ) 10. 00 0.126 77. 80 22.30 26.70 26.20 62. 60
/M 8.957 4.425 35.21 53.87 34.15 94. 59 330. 44
PN E 12.54 6. 480 153. 88 326. 55 56. 87 210. 60 743.95
FHME 10. 77 5.184 81.29 168. 28 45.32 147. 35 526. 66
R 22 1.129 0. 660 44.01 125. 50 6.524 41.38 149.22
£3 ERAERASHLESESESWMAWHEE /mg kg ™!
Table 3~ Comparison of heavy metal concentrations of park atmospheric depositions in Nanjing with other cities/ mg-kg’l
WFFE ST As cd Cr Cu Ni Pb Zn SCiik
K — 0.33 59.28 37.82 23.08 69. 12 169. 26 [24]
Tiwid — — 64. 10 58.40 25. 80 85. 50 313.35 [25]
b — 0. 64 69. 33 72.13 25.97 201. 82 219.20 [26]
[iiE-3 10. 62 — 167.28 94.98 — 230. 52 421.46 [27]
i — 1.23 159. 30 196. 80 83. 98 294. 90 733. 80 [28]
TN — 2.41 159. 30 176. 00 78. 80 240. 00 586. 00 [29]
22 — 4.34 88.73 82.22 40. 64 130. 31 369.23 [30]
B 10.77 5.18 81.29 168.28 45.32 147.35 526. 66 LN
*4 EFEAERKRSRAILELZENMREEY
Table 4 Geoaccumulation indexes of heavy metals in park atmospheric depositions in Nanjing
RFERL As cd Cr Cu Ni Pb Zn
HETFHILL el -0.262 5.099 0.181 3.735 0.296 2.211 2. 655
PN /N -0.589 4.958 0.205 2.610 0.183 2.398 2.905
F kA -0.530 4.728 -1.284 1. 628 0.191 1.530 2.489
R YN -0.416 4. 687 -0.981 1.481 -0.025 1. 564 2.209
g}zm}m -0. 665 4.517 -0.472 1. 681 0. 007 1.782 2.084
TR -0.747 4. 648 -1.408 1. 603 0.209 1.250 2.058
| -0.358 4.523 -1.744 0. 658 -0.235 1.610 1.768
BERKI 4 el -0.317 4. 3850 0.381 3.261 0. 345 2.391 2.843
RN -0.484 4.831 -0.892 1.963 0.257 1.992 2.966
(R A=Ed RN -0.579 4.732 -1.215 1.580 -0.005 1.632 2.160
/M —0.747 4.517 -1.744 0.658 -0.235 1.250 1.768
iGN -0.262 5.099 0. 381 3.735 0. 345 2.398 2. 966
A -0.495 4.757 -0.723 2. 020 0.122 1. 836 2.414
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Table 5 Ecological risk indexes of heavy metals in park atmospheric depositions in Nanjing
P TETEA AN 28K EL IR
AR As Cr Cu Ni Ph Zn cd K5 R
e FHL2 el 8.359 2.964 44.92 9.296 13.20 3.439 194. 4 276.6
PN YN 6. 688 3.057 20.92 8.597 14.97 4. 096 177.3 235.6
F LA 6.975 1.078 10. 38 8. 565 8.231 3.021 150. 4 188.7
LR YN 7.571 1.328 9.503 7.504 8.435 2.516 147.7 184.5
27 /NT| 6. 475 1. 902 10. 86 7.559 9. 688 2.292 130.5 169. 3
Lo 5.971 0. 982 10.32 10. 65 6.757 2.276 142. 8 179.7
LA 7.816 0.782 5.387 6.395 8. 650 1.888 132.8 163.7
D8 SUINT| 8.029 3.419 32.65 9.559 15.04 3.879 164.2 236.8
A F A 7.191 1.422 13. 11 8. 964 11.33 4.251 163. 4 209. 6
[EE AR S AT 6.743 1. 129 10.22 7.777 8.930 2.436 151.9 189. 1
2.4 BEEEITE KA AN [85e SURGY PR /U

BN AREE HP Y R RIS Rk 6 By
AN, 25T 4 JE AR B0 AR B /7 N = 2R 0
Zn>Cu>Pb>Cr>Ni>As>Cd, 58 A RELHE
SlEEE—8. JLEE 3 MR R Y& T
N, HP EF-ORARRILENZRBEERES T
BN, Y 16. 145, D[R] B B iR 15 ) 22 6

HRAE(8) ~ (11) T A el B2 o 4 s (I
S0 IRV H8 HIORN B0 XU 8 %, 45 SR sk 7 FioR.
R, JLE M AEBUE K & TR & RS
AR SOE KU HE A F- DA > B ik i > IF
WAL Ho, JLEEF- 1A SRR B AR B0 XS 2
FE TN, PR 4 R A5 R R A R AR B0 K

KE, F-HEEA > Bl > iR A X T LE
AR, F- ORI R w005 SRR
1Y 99.6% F198.9% . BUHE4)E As, Cd, Cr, Ni
WAIBRLE HE BRI HET A Cr > Ni > As
> Cd, "B AT A S50 RIS 22 53 F AR G T3 30 KU 2

B HER 4 Pb > As > Cr > Cd > Cu > Ni > Zn, Hip L&
As BYAEEUE XS IS = T Pb. Pb. As Al Cr BYIESUE
AU B ki T AR 4 FhEE A B TR, (X LEM
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Table 6  Average daily doses for each metal and exposure pathway of heavy metals in park atmospheric depositions in Nanjing

i H As Cd Cr Cu Ni Ph Zn

I/ mg kg ™! 10.77 5.18 81.29 168. 28 45.32 147.35 526. 66
ADD./mg- (kged) - JLE  6.56x107°  3.16x107°  4.95x107% 1.02x107° 2.76x10°* 8.97x107*  3.21x1073
ing/ ME* ° S
ing” B X6 WL 2.06x10°°  2.52x10°°  6.55x10°°  5.00x107° 9.22x10°° 7.44x107°  2.26x10"*
» JLE  1.83x107° 8.82x107'" 1.38x10°% 2.86x10°% 7.71x107° 2.51x107%  8.96x10"®
ADD;y/mg- (kg d) A 1.26x107°  6.08x1071°  9.54x10™° 1.97x10™% 5.32x10™° 1.73x107%  6.18 x10°®
ADD,/mg+ (kged) -1 JLE  5.51x107° 8.84x107% 1.39x107° 2.87x10°® 7.73x1077 2.51x107® 8.98x10°°
m/ Mg . .
dom /T K8 ML 1.03x10°°  1.65x10°  2.59x1077  5.36x107 1.44x10"7 4.60x10~7  1.68x10"°
LADD, ,/mg- (kg-d) ! 6.79 x1071% 3.27x10"° 5.13x10~° — 2.86x107° — —

4B X AR AE IR 20 KUK

U E 4R As, Cd, Cr. Ni AYEU8 XU (Risk)
AR 1.68 x 1070, 2.06 x 10°°, 2.15 x 1077,
2.40 x 1077, HAr cd, Cr FI Ni /9 Risk #/NF
10 7, FBHPIAAAAE B0 A, 107 As 19 Risk 7€ 10 ~°
~107 2 [0], R WY As A7 — 7 B B0 U (HR7E
AEZ T Z .

3 g

(DR AR KK FEATESE As, Cd,

Cr, Cu, Ni, Pb #l Zn f)-F-X & m 8 TILRE W
I RAE. T A A FE L T E AR R IR AR,
JIT LA 43 ¥ 4 i % o AE AN [R) A el 22 [) A 7 S 3 2
55K AE DU s H e, BT A FE R
4 A T i B A

(2) MR PG A R AR ROk A B A5 0 BT 10
AN FER RS A P Cd Ab T 7™ 8 2 8 R TS Yok
ey Zn il Cu B40Frp B BB 5 YK Ph AL T
HRETG YKV s HoAMh T 4 SR Ab T JC S PR TS Y s R
TG YK Horpr, Cu (975 Y KR AN [ 28 Tl 2 i) A
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Table 7 Non-carcinogenic risk indexes and carcinogenic risks of heavy metals in park atmospheric depositions in Nanjing
i H As Cd Cr Cu Ni Pb Zn
RID,, 3.00x107%  1.00x107% 3.00x107% 4.00x10°2 2.00x107% 3.50x1073 3.00 x10 !
RD;,, 3.00x107%  1.00x107% 2.86x10™° 4.00x107* 2.06x1072 3.50x107%  3.00x10""
RID gery 1.23x107*  1.00x107°  6.00x107° 1.20x1072 5.40x10"* 5.25x10°* 6.00x102
SFing 1.50 — — — — — —
SF; 15.1 6. 30 42.0 — 0. 84 — —
SE jerm 3. 66 — — _ _ _ o
HO. JLE  2.19x107"  3.16x1072  1.65x107! 2.56x107% 1.38x10°2 2.56x10""  1.07 x10 >
" A 6.88x107°  2.52x107°  2.18x107% 1.27x107% 4.61x10™* 2.13x10°>  7.52x10"*
HO JL#E  6.11x107° 8.82x1077 4.84x10™* 7.16x1077 3.74x1077 7.16x10°° 2.99x1077
" A 4.21x107°  6.08x1077  3.34x10™* 4.94x1077 2.58x1077 4.94x10°°  2.06 x 10"’
HO JLE  4.48x1072  8.84x107° 2.31x1072 2.39x10™* 1.43x10°* 4.78x107%  1.50x10"*
o A 8.36x107°  1.65x107°  4.31x107%  4.46x1075 2.67x107° 8.94x10™* 2.79x107°
HI JL#  2.63x107"  4.04x1072  1.89x10°" 2.59x1072 1.39x107* 2.61x10"" 1.08x1072
A 1.52x1072 4.17x107°  6.83x107°  1.32x107> 4.88x10°* 2.22x1072  7.80x10*
Risk 1.68x107° 2.06x107% 2.15x10°’ — 2.40 x 10 ° — —
1) Forb As 1Y Risk oy 3 Fh 2 g2 A2 A0 S B0 XU
e BRHERUS RO )] /&2, 2014, 33(2) : 415-420,
(3)\2%&5,31(}%%*5%&{2 E@i+%:é§%%%w% ﬁ‘j [ 7] Muller G. Index of geoaccumulation in sediments of the Rhine
N dlA = B
e . N river[ J]. GeoJournal, 1969, 2(3) . 108-118.
ST 10 D AR TR A g P Sl B0 A
R ARIUPSR RICR T 5~ . P
st I RUES e AR 3t I B PN
?Ep#ﬁilumgﬂ’[j(zu s N EF‘;R\%EJL AN Eﬁ(ﬁiﬁﬁz/u\ %ﬁﬂ%"ﬁ)?ﬁﬁ, 1990.
WU RBUECR. Cd BAESIURECR SO BNREE 1o wue, mtl, FARR, % —beRei 2 ki I 2 V0B
BORmZR— 2 W 4 5 Y BOLAE A S IR 1], SRBERIE , 2012,
(4) X5 T ILE BN R UL, £5 5 4 8 A A4 A 33(5) : 1693-1699.
. N 4 | e A vk A EH R T
ISR T ) F-U A > Fcl > (10 9RO ISR 5 16
. EEBEEREGTE 1], HERE 5K, 2008, 31(2)
I EEA . JLEE R AE B0 KRS A. HER
iif/x rﬁ)/ AL ”;\ j‘jﬁ?ﬁy‘ # 112-115.
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. I 6 SR B 7
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Cr ﬂl Ni ﬁ‘]ﬂﬁ@i%}ﬂﬁfj ,As E@E&%mgﬁﬁﬂﬁé%ﬂg [12] USEPA. Risk assessment guidance for Superfund (RAGS) : part
?ﬁlﬂzw A[R]. Washington, DC: USEPA, 1989.
SETH [13] USDOE. The risk assessment information system ( RAIS) [ EB/
2 FIA
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