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Pollution Levels and Risk Assessment of Heavy Metals from Atmospherlc
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Deposition in Nanjing " =
TIAN Chun-hui, YANG Ruo-zhu, Gulizhaer Ylhhamu QIAN Xin, WANGJin-htia, LI Hui- -ming * y
(State Key Laboratory of Pollution Control and Resources Reuse, School of the Enwronment Nanjing University, Nanjmg 210023
China) ' e N
Abstract: In order to’ ‘evaluate the pollution lévels of] and rigk from heavy metals in the aimospherl( deposition of different functional

.LF

urban-istricts, dust samples were collected from 20y sampﬁn‘g#snes in typical 1ndustr].al traffic, residential, and educational districts of-
Nan]mg The concentratwm of As, Ba, Cd; Co E'f €u, Fe, Mn, Ni, Pb, Sr Ti, V, V) afd Zn were analyzed~ The potentlal o
ecological risk dﬂd health risk were evalated usmg the pofentlal ecological risk mdex and U. S. EPA’s health risk assessment models
Enrichment factors correlatlon analysis, and prmclpal c-j)mponent analysis were used ¢ analyze The sources of heavy metals. Re§u1ts
shewed that the concentratlom of As, Cdj CP Cr, |Cti,'Fe, Mn, Pb, and Zn were the highest in fthe industrial district and the
(OIl(Jt?ltI”dtlbnb of Ba,* Nl Ti, and V were the hlghebt in the traffic district. The value of the potential ecological risk index was the
highest in'the industrial district and lowest in the edugational” dlst_mfit Meanwhile, the ecological risk of Cr was the highest, achieving
a moderateecological hazard level. None of the studied heavy metals had noncarcinogenic risk or carcinogenic risk, according to the
results of health risk assessment. Source analysis indicated that heavy metals in the atmospheric deposition from the study areas were
mainly from traffic and industrial activities, coal combustion, natural process and life sources.

Key words : atmospheric deposition; heavy metal; ecological risk; health risk; Nanjing City
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Table 1  Classification standards of the enrichment factors
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Table 3 Parameter values for average daily dose calculation models of heavy metals
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Table 5 Heavy metal concentrations in the different functional urban districts/mg-kg ="'
JLE Bid X A X JEAE X TolkIX HaEl
FieniE| 2.071 ~3.309 3.668 ~7.322 3.722 ~5.724 6.520 ~8.532 10
MY + b e 2.634 £0.497 1 4.805 = 1. 489 4.631 0. 890 4 7.510 £0.770 2
Ba bk 17.63 ~513.6 196.5 ~644.9 309.6 ~518. 8 351.3~525.6 15
MY + b iER 175.4 +£205. 1 435.4 +173.5 395.0 £76.25 408.9 +68. 52
cd bk 1.125 ~2. 625 1.125 ~2.000 1. 125 ~ 1. 750 1. 400 ~2.275 0. 126
FEEE « bRl 1.575 +0.622 5 1.450 £0. 338 1.475 £0.323 6 1.725 +0.401 2 '
Co e S 8.250 ~12. 00 4.500 ~11. 88 8.625~11.13 7.875 ~12. 63 1.6
MY + b iER: 9. 600 = 1. 429 9.550 2. 965 10.05 +1. 074 10.25 +1. 965 '
Cr bk 42.63 ~65.50 35.50 ~82.25 50.75 ~72.00 35.13 ~113.4 278
MY + briERE 55.23 +9.291 57.88 £19.36 59.03 7. 886 67.75 +28. 82 '
Cu bk 67.13 ~276.5 96. 00 ~263. 0 122.0 ~247.5 124.6 ~381.4 93
SEEE « brifEE 159.3 +77.95 172.5 +66. 86 188.4 +48. 11 214.7 £103.5 '
Fe btk 18 406 ~25 127 11971 ~26 287 20 855 ~28 100 15 676 ~50 383 30200
FEHE « bR 21204 +3 037 20939 =5 991 25112 +2 865 27557 +13 461
Mn itk 503. 4 ~ 606. 1 383.9~731.5 577.8 ~689. 3 498.0 ~ 1533 S
TFIME + AR 566.5 +40. 54 614.2 £135.2 617.7 +44.46 [~ 784.8 £425.1 :_/, i
Ni btk 27.50 ~43. 63 -.29.00 ~58.75 30.75 ~54. 88 31.00 ~62.38 26 L
SEIME + b2 38.18£6.245 | =47.45x12.73 43.43 21114 47415 £12.09 ,x‘ —
b btk 35.88~203.8  84.00~175.8 98.63 £ 165. 5 108.1 ~207. 8 ..3"26 .
A + bR 86.05'+68.97 [ 4 138.9x37.18 126.8/+26.25," * 141.8+39.68 A
ST 2038 037.5 | 7 205.04249.9 186/9 #3100 . % 90.50.4245. 1 2
P £ bt 226.3 + ;3'.,93,;_; " 219.9 +18. 87 244.3'+57.26 }187;:4“5'1 61.18 ..
- jﬁ-ﬁ&l | 19845 ~44379" " 3305 ~658.5 384.6'~596.9 | 2443 ~395.1 4100
[ S + BRiERE 31750 90,09 580.1+128.6 476/6 492,05 w321.2+54.55 o
L Al ' g e
- v Fini| 34.13 ~J‘51. F5 | *"‘;30. 25 ~59,25 39.175.~49. 13 27.63 ~42.75 - 4‘“
7 S + hif 2 40.43 £7.006 © £'46.08 410.67 44.20 +3.959 38.23 +6. 107 '
"zn AL 425.3 4821.1 i 21'79__._-9#’1’,”064 553.6 ~883.5 580. 4 ~ 1061 2.6
L s 630.6 +162. 3 ¥702. 6 £255. 5 672.0 £155.0 727.2 £195.7 '
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Fig. 2 Enrichment factors of heavy metals in the different functional urban districts

TE = 3 X RIS 18 X 3 e Al S e 3 78 JE A X R
Tl XakF) U ip 2559 Cd AY EL > 320, 5 I H90



7 FHARIESE . T 5T A AR 4 ¥ ek 7 B XU TFAf 3123
F6 FRMERASELESEEESREIEH
Table 6  Potential ecological risk index of heavy metals in the different functional urban districts
MK WAL STEE ABE, W S S F

As Cd Cr Cu Ni Pb Zn (RI)
[iE 2 2.634 375.0 1. 420 35.72 7.149 16. 42 10.07 448.4
i} 4. 805 345.2 1.488 38. 68 8. 886 26. 50 11.22 436.8
JE i 4. 631 351.2 1.517 42.23 8.132 24.19 10. 74 442.6
Tolk. 7.510 410.7 1.742 48.13 8. 830 27.06 11.62 515.6
JEYEN 4.895 370.5 1.542 41.19 8.249 23.54 10.91 460.9
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A > Bk > FE AR A, H A2 LER
T RNBIFRE. XFFILEFM S, F O HA 25
TG R 99. 72% F1 98, 59% . B E
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TR T A AR B XU 8 SO U X

B AR LSS R ANGR 7 PR, 3 FhaR AR R iy Ak B KU

FEEANIE R F- T BEA > J R il > PRI
AR 0 L 2E & TR AFAE. As, Cr, Mn, Pb
(AR S0 KU = T A E 4R TR, S EEET
FAYHQ FUHL B/ T 1, A7 AR 20 A B0
4R I XU A5 BN Cr ¥ As > €6/>Ni >
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Table 7 Noncarcinogenic risk indiceg and ca;c_inogenic risk indices of heavy m.é‘tals in amospheric déposition of Nanjing . o v
S _ Hng \ | HQ,,, . 4 - _ HQperm | v W HI \ -
~_ JLE , N U ;X L3 BN - LI ON F N
Ad UTE L0240 [ LBTE-02  2.71E-06 ‘“':.-‘”3/8'7E.-:"96 6.64E-04  1.24E-04 | 978E-02  1.29E-02-_6.12E 09
Cd¥, 9.48FE =03 | 1.24E-03 2.65E-07 | 1/83BL07 2.65E-03 4.96E-04 | 1.21E-02 1.74E-03 _6.19E-10
Co | L93EZes [2.54E-06 1.0SE-07//7.22E 8 8.40E-06 578506 298E-05 4.18E-06 '6.09E 409
G L21ES0L LS9E-02  3.55E-04 248504 L70E-02  317E-03  L39E-01  193E-02 158K -07
(Cug 286E-02 £3.36E-05  7.72E-07 §33B-07 J259E-04 4B4E-05 2.59E-02  3.41E-03
Wa'| 85QE-02 | 1AES02  7.64E-03  SQ7ELO03STOSE-03  L1IE-03  9.86E-02  175E-02
Ni/ JL33EZ02 | 1.75E-03  3.61E-07  2.49E=07 1.38E-03 2.58E-04 1.47E-02  2.00E-03 2.32E-09
Ph 2/12E-01 2.77E-02 5.88E-06 4.05E-06 3.99E-03 7.44E-04  2.16E-01  2.85E-02
St 42.23E-03 2.92E-04 6.23E-08 4.30E-08 3.12E-05 5.83E-06  2.26E-03  2.98E -04
V  3.67E-02 4.80E-03 1.O2E-06 7.07E-07  1L.O3E-02 1.92E-03 4.69E-02  6.72E-03
Zn  1.38E-02 1.81E-03 3.86E-07 2.66E-07 1.93E-04 3.61E-05 1.40E-02  1.85E-03
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Table 8 Principal component analysis
_ %
TR 1 2 3 4
As 0.392 -0.201 0. 562 -0.520
Ba 0. 659 0.290 -0.094 -0. 639
cd 0. 630 -0.428  0.135 0. 057
Co 0. 855 0.095 —0.192 0. 054
Cr 0. 822 -0.281 -0.046 0. 280
Cu 0.153 0.119  0.898 0. 164
Fe 0. 840 -0.418 -0.232 0. 085
Mn 0. 782 -0.487 -0.224 0. 047
Ni 0. 668 0.195  0.463 0.338
Pb 0. 802 0.117  0.058 -0.329
Sr -0.333 0.810 -0.003 0.118
Ti 0.536 0.665 -0.194 -0.109
v 0. 687 0.546  -0.130 0. 286
Zn 0.714 -0.148  0.069 0.143
A1 6.313 2. 686 1. 569 1.153
T 2ETTHRE % 42. 086 17.905  10.459 7,684
ZITTIRA/ % 42. 086 59.991  70.449 75” 133
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