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Pollution Evaluation and Health Risk Assessment of Heavy Metals from

Atmospheric Deposition in Lanzhou

LI Ping, XUE Su-yin, WANG Sheng-li, NAN Zhong-ren
(College of Earth and Environment Science, Lanzhou University, Lanzhou 730000, China)

Abstract: In order to evaluate the contamination and health risk of heavy metals from atmospheric deposition in Lanzhou, samples of
atmospheric deposition were collected from 11 sampling sites respectively and their concentrations of heavy metals were determined. The
results showed that the average contents of Cu, Pb, Cd, Cr, Ni, Zn and Mn were 82.22, 130. 31, 4. 34, 88.73, 40. 64, 369. 23 and
501.49 mg-kg™", respectively. There was great difference among different functional areas for all elements except Mn. According to
the results, the enrichment factor score of Mn was close to 1, while the enrichment of Zn, Ni, Cu and Cr was more serious, and Pb
and Cd were extremely enriched. The assessment results of geoaccumulation index of potential ecological risk indicated that the
pollution of Cd in the atmospheric deposition of Lanzhou should be classified as extreme degree, and that of Cu, Ni, Zn, Pb as between
slight and extreme degrees, and Cr as practically uncontaminated. Contaminations of atmospheric dust by heavy metals in October to
the next March were more serious than those from April to August. Health risk assessment indicated that the heavy metals in
atmospheric deposition were mainly ingested by human bodies through hand-mouth ingestion. The non-cancer risk was higher for
children than for adults. The order of non-cancer hazard indexes of heavy metals was Pb > Cr > Cd > Cu > Ni > Zn. The non-cancer
hazard indexes and carcinogen risks of heavy metals were both lower than their threshold values, suggesting that they will not harm the
health.
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Fig. 1 Sampling locations of atmospheric deposition in Lanzhou
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Table 1 ~ Sampling locations and surroundings
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Table 2  Classification of Muller Geoaccumulation Index
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Table 3 Parameter values in average daily dose calculation models of heavy metals
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Table 4 Heavy metals concentration of atmospheric depositions in Lanzhou/mg-kg ~!
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Fig. 2 Enrichment factors plotted against studied element
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Table 5 Heavy metal geoaccumulation indexes in each month in Lanzhou

JLE  2010-06 2010-07 2010-08 2010-10 2010-11 2010-12 2011-01 2011-02 2011-03 2011-04 2011-05 AR
Cu 0.78 0.99 0.99 1.14 1.44 1.21 1.23 1.95 1.22 0.84 0.78 1.18
Pb 2.19 2.19 2.27 2.43 2.29 1.83 2.07 2.05 2.56 2.01 1.87 2.18
Cd 4.23 3.97 3.47 4. 66 4.97 4.50 4.86 4.80 5.29 4.26 4.10 4.55
Cr -0.16 0.02 -0.17 0.17 -0.03 -0.03 -0.10 -0.02 -0.65 -0.69 -0.78 -0.19
Ni 1.68 1.63 1.71 2.00 1.64 2.02 1.91 1.95 1.79 1.87 1.87 1.83
7n 1.78 1.87 1.87 2.27 2.32 1.90 1. 89 1.90 1.84 1.53 1.51 1.90

F6 ZMNHEAXRSKRLECEHMARIEHIR
Table 6 Classification of the heavy metal geoaccumulation indexes in each month in Lanzhou

JGE  2010-06 2010-07 2010-08 2010-10 2010-11 2010-12 2011-01 2011-02 2011-03 2011-04 2011-05 ARy
Cu 1 1 1 2 2 2 2 2 2 1 1 2
Pb 3 3 3 3 3 3 3 3 3 3 2 3
Cd 5 4 4 5 5 5 5 5 6 5 5 5
Cr 0 0 0 0 0 0 0 0 0 0 0 0
Ni 2 2 2 3 2 3 2 2 2 2 2 2
Zn 2 2 2 3 3 2 2 2 2 2 2 2

HIOCRTG R NS 2K Cd > Pb > Zn > Ni
> Cu > Cr WP 5 & £ W F s ] —3%. Cr 78
M RIS EF R 0, TTIPRIG Y. Cu 7E
2010 4£ 10 H ~ I4FE 3 H Z a1 MR 248 5 9k v
FEVG Y HAHE AR TS Y. Ni Al Zn B RN R F8 5k
SHRBRTAE10 A ~12 Aisges ™ m, Ha RN
FREEYG YL, Pb 2011 4F 5 H y5 YL f B hy v B s e
A TERAFE B HAW I T AR Ry rp 2 B P E 5 4. Cd 1)
V5 YRR B B T, 7E 2010 4F 6 AT Hrgch 4 9%,
2011 4E 3 A9k 6 Gk e s ), H A ita]
R s LR

AR B R BOT N S5 2R B Cr SM 0 RS
e A7 A0 AN [ R B 1) B 358 XU T L 3%k b B4 358 JX
AT I A A A A, B R AR 10 A ~ IR
E3 HI YR E 4 ~8 Alg R ERR. X2
1T 22 M A Z R AR, b 22 N b Ak A 2
JRGEL /I TR T X & = R A, 25 R T e )
ARG #5340 A 11 H ~ A3 AR
22PN TSR], 45 b SR 2 15 3l = BCHE AR
s RY LR FH L gt — D 1254

CF LARRESAIN AL X 3P0 e i ibh A
W, T I SAENE AR 0] 54w & g AT e —
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Table 7 Average daily doses for each metal and exposure pathway

o ADD,, ‘ ADD,, ‘ ADD,,,, LADD,,
JLE A JLE MA L3 A

Cu 1.13x10°% 1.52 x10 % 3.28 x10 % 1.48 x10 % 1.02 x10 7% 1.81 x10°"

Pb 1.70 x 10 =% 2.28 x10 % 4.91 x10 7% 2.21 x10°% 1.53 x10 7% 2.71 x10°7

Cd 5.66 x10~% 7.59 x10 7% 1.64 x10°% 7.36 x 1010 5.09 x10 % 9.04 x10~% 3.92x10°1°
Cr 1.16 x10 ™% 1.56 x 10 =% 3.36 x10 ™% 1.51 x10°% 1.05 x 10 7% 1.86 x 10" 8.07 x10~%
Ni 5.39 x10 ~* 7.23 x10°% 1.56 x10 % 7.01 x10°% 4.84 x10°7 8.61 x10 % 3.74 x10°%
Zn 4.84 x10°% 6.49 x10 % 1.40 x 107 6.30 x10 % 4.35x107% 7.73 x10 7Y

SERFEW] 6 PG JmaEad 3 PN R AR B9IE
o AU 22 8% 57 B AR B /MKW Zn > Pb > Cr >
Cu > Ni > Cd, N iz AR R R 805 007 5 K
SRR AR PP S v PR R/ MR U e — B 78 3
Migkterh, JLE R H BRI RS TR R
BARKTE , ANIBM T NI LE, KR -1
PR KA E R R EEREERS, YR
RIZ AR R, S U IR AL Cd| Cr, Ni iX 3 fif
JUER BUR 8 SR AR AR A2 B H P2 2 5 o IR
THAREUE R EE R
3.2 fEFRRUSRAL

MG, 1A 4 T 9 3F S0 2 88 KU
M 8 F i, AN[A] 2 15 1 A5 S0 KU A1 2 3L 2
= TR, 76 3 R R R, it - 14
IR A E &8 N s, LEF- D ERe
DA o A B0 2 52 ARG Y 98. 8% , Gl i %0
R R KU 5 B 98. 1% . A X F R 8L
N E BT 3 PR T S AEBURE XS HI
JIEFEA Pb > Cr > Cd > Cu > Ni > Zn. {H 3 FiRi2K)
4 J i U 7 HQ 347N T 36 [E A sy e FRAE
1, B A R AR A 0 & A A i 1, 36
AU A8/ NS RT LA 22 1
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Table 8 Hazard quotient and risk for each element and exposure pathway

%% RD, ~ RD,  RD,, Lt AU
) HQ,, HQ,, HQ e HI HQ,, HQ,, HQ e, HI

Cu 3.70x1072 4.02x1072 1.90x1073 3.07x1072 8.15x1077 5.37x107* 3.12x107% 4.11x1073 3.67x1077 9.54x107>  4.21x1073
Pb 3.50x1073 3.52x1073 5.25x107* 4.85x107" 1.39x107° 2.91 x107% 4.88x10~" 6.51x1072 6.28. x107¢5.17x10"*  6.56 x10 "2
Cd 1.00x107% 1.00x107% 5.00x107% 5.66x1072 1.64x107® 1.02x107% 576 x1072 7.59x10 3 7.36 x10 "7 1.81x10™*  7.77x1073
Cr 5.00x107% 2.86x107> 2.50 x10™* 2.33x10"" 1.18x1073 4.18x1073 2.38x107"! 3.12x1072 5.29x10"* 7.43x10™*  3.25x10"2
Ni 2.00x1072 2.06x1072 1.00x107% 2.69x1072 7.56 x10~7 4.84x107* 2.74x1072 3.61x1073 3.4x1077 8.61x10™> 3.70x10~3
Zn 3.00x107" 3.00x107" 6.00x1072 1.61 x1072 4.66x1077 7.25x107° 1.62x1072 2.16 x1073 2.1x1077 1.29x107°  2.18x1073
Bt 8.48x1071 1.19x1073 9.20x1073 8.58x10"! 1.14x107! 5.37x10™* 1.63x107°  1.16x10"!

L B XS O DR /INBR T 5 R ) i A DG LA
S WS E g R ARG KPR I Ph
AT R 282 2R G0 M I R GE s, JUH L B X
FUTE A MO, B 5K Cd R — oA 2 19 4
J& I TR TR R R B 1 Cd FREE 23 5 I 5
GEHIPRT , Bl e — R BORY T 5 Cr RN B
R ANENEZWEUEY R Z —, 2R WA 22
WP R A, I EL Cr o nl BB B4 O FE N, 3 B0,

s 20 Cu FEAM AT H F0EC | IR |
AtEmAE NE SIS FERLS; Zn BAK
WU R 2 — K5 Zn A B T A AR e
B 21 Zn BES 3 Zn R 18 YE Zn hRERBL
ST E R O, AR R R XU BT B
KoM R ER IRAR Y 2 7% 50 i B RID, (B 378 18 B AL I
I R R ENEEE 3T O AR N 7 N = A ORGRAS
W KO 2 R 3% 7 it o0 2 {E B XURS: /. L
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Table 9 Slope factors for carcinogens and the carcinogenic risks

JLE SF T R RS
cd 6.4 2.51 x107°
Cr 42 3.39x10°7
Ni 0.84 3.14x107°
4 e

(1) KSR Cu, Pb, Cd, Cr, Ni, Zn, Mn
f) S {E 2091 R 82,22, 130,31, 4. 34, 88. 73,
40.64 . 369.23, 501.49 mg-kg~'. 1 FREAFHE S
JEARIEANR, B Mn DL HAth 50 2 vk B 72 AN [R] D) g
IX 43 A A B 25 5

) EHEHEFHHrRY]; Mo HERMESE, Zn,
Ni, Cu Fll Cr F R A0, bR 7RI T H Bk 2
SNEB NG S B , Ph Al Cd ek & 4
B NG, Cr, Ni, Zn 76 ToL X & £ H T
AR FHABIIREX , Cu A1 Pb 73838 X & 4 N F
K, Cd FERBELIX Fe 0y & 4.

(3) WA BHR BTN KA D &8 4R 34
BfeFERY]. Cr TERFILPRIG YL, Cu, Ni, Zn, Pb
W B A T4 B V5 Y & VS YL 2 (H). Cd AT G
PR e o, O T BN G Y. KA MR E S
JETE 10 H ~WAE3 A5 Y% ™ &, 4 ~8 A5
YRR R

(4) T LR SE A, F- R HEA SRR
4 5 R AR S0 KU i i B 2R, LIRS
S AU T R, AR 308 XU T 4 Pb > Cr > Cd
>Cu > Ni >Zn. WU IR TR, AaxF AT S ik
AR e E. A Cr, Cd, Ni @ M iz
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