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Spatial distribution and risk assessment of soil heavy metal contamination
along roadsides of the northwestern Sichuan Plateau, China*
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Abslima  Traffic activities in roadways are the major source of heavy metal contamination on the northwestern Sichuan
Plateau, China. To characterize the spatial pattern of heavy metal distribution, we collected soil samples and measured the
concentrations of five heavy metals (Cd, Cu, Ni, Pb, and Zn) from nine sites in Hongyuan County, Sichuan Province, including
three transects that reflected typical gradients of traffic density. Each transect consisted of three levels of traffic density
sites. We calculated single pollution index, Nemerow multi-factor index, and potential ecological risk index, to assess the
ecological risk of the heavy metal contamination. Results showed that the soils were contaminated by Cd and Zn, with higher
concentrations than that of the natural soil background values in all sampling sites. Moreover, Cd and Zn concentrations
increased with increasing traffic density, suggesting that traffic activities were potentially responsible for the metal
contaminations. The single pollution index indicated that the study sites were heavily contaminated by Cd and slightly polluted
by Ni, Pb, and Zn, and the Nemerow multi-factor and potential ecological risk indexes indicated moderate potential ecological
risks at the study sites. Specifically, the sites with high traffic density were moderately contaminated and the sites with low
traffic density were mildly contaminated. In general, Cd and Zn were highly accumulated in soils of the study region; therefore

focus should be on the high ecological hazard associated with soil heavy metal contamination, even in undeveloped regions.

W northwestern Sichuan Plateau; traffic density; heavy metal contamination; risk assessment
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Bl RESSMREE. HAFL: S1.S2, S3; FEar2: S4. S5, S6 ;5 HE3:
S7. S8. S9.

Fig. 1 The sampling sites. Transect 1: S1, S2, S3; Transect 2: S4, S5, S6;
Transect 3: S7, S8, SO.
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Table 1 Traffic flow in each sampling site
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Sampling site
A

Trafﬁcﬁow 508 21.17 10.33 534.83 45.67 2.17 4995 66 1.17
(n/h™)
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Table 3 Soil heavy metal concentrations in roadside with different traffic flows

v i

4itde b .

Traffic .j'fﬁ"{.a +’T Cd Cu Ni Pb Zn
a Statistical indicator

ow

P-4 {H Mean (w/mg kg™ 0.22 17.67 23.03 24.81 86.85

=1 FRifE 2% Standard deviation 0.03 080 2.24 175 13.76
High sz %

& 225 A 12.27 453 973 7.05 15.84

Coefficient of variation (CV/%)
SEHIE Mean (w/mg kg'')
rh FrifE 2% Standard deviation
Medium 75 & 2 %
Coefficient of variation (CV/%)
SEX{H Mean (w/mg kg')

0.17 15.45 21.94 21.68 74.38
0.02 0.82 144 238 6.01

13.53 531 6.56 1098 8.08

0.16 16.64 23.61 23.29 74.09

% FrifE 2= Standard deviation 0.02 197 322 191 783
Low sy
Coefficient of variation (CV/%) 14.38 11.84 13.64 8.20 10.57

i fi) 7 5
Background value of meadow soil element 0.08 19.80 23.30 22.40 70.00
(w/mg kg)
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Table 4 Soil heavy metal concentrations (w/mg kg™) in roadside soils in
other cities

Hi 5 Location Cd Cu Ni Pb Zn Reference
Beijing, China 0.22 2970 26.70 3540  92.10 1
Wuhan, China 322 1880 - 2820  83.10 [17]
Galway, Ireland - 16.60 22.10 40.80  81.80 [18]
Jeddah, Saudi Arabia - - 4670 47.50 222.20 [19]
Ibadan, Nigeria 1.36 31.40 38.90 30.70  86.10 [20]
Kampala, Uganda 1.12 - - 45.30 140.90 [21]
West Bank, Palestine 0.27 60.40 18.90 8740  82.20 [22]
SRR
Background values of the 0.35 30.00 50.00 35.00 90.00 [23]
world
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Fig. 2 Soil heavy metal concentrations in different transects (mean = SE).
T1: Transect 1; T2: Transect 2; T3: Transect 3. HTF: High traffic flow; MTF:
Medium traffic flow; LTF: Low traffic flow. Different lowercase letters above

the bars indicate significant difference at 0.05 level.
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Table 5 Relationships among different heavy metals in roadside with
different traffic flows

R R .
High traffic flow Cd Cu Ni Pb Zn
cd -
Cu 0.809” -
Ni 0.351 0.182 -
Pb 0.231 0.531 -0.068 -
Zn 0.433 0.102 0.534  0.139
K .
Medium traffic flow Cd Cu Ni Pb Zn
Cd -
Cu 0.236 -
Ni -0.437 0.295 -
Pb -0.314 0.656 0.186 -
Zn 0.613 -0226 -0.655 -0.496
A AR .
Low traffic flow Cd Cu Ni Pb Zn
Cd -
Cu 0.799" -
Ni 0.799"  0.936" -
Pb 0.770" 0.461 0.434
Zn 0.924" 0906”7  0.838"  0.656
* P <0.05 ** P<0.0l.
N SHE A Y244t  Chin J Appl Environ Biol http://www.cibj.com/

4+ Ni, Pb, Znft B V5 Y% ; 22 i fa P 45 B0 22 N B 15 e
B, BT IG5 Yy s BAb, SRR i A N AR A 2 Cul
Y. R E LA IS YR EOE S R (RT) R, R KW
PR T A JE P R Y, R v AR g (K B U T
IR REGY. ASEERBOLIEMN 45 (£8) R, 3F
P AR N 1% 57 R4 32 B Cdrp SR AR S 6 E, & Cu,
Ni, Pb, Zn i e AR TG Y. LA o, 40BN 3%
B4R PSR ST, HE R R 2 U 0 R
in

8 RS

76 b s 28 ) M X e T A R R R, A DHR D, &
VEK e, LR AR IE 28 iz B Kb XL iz X A Tolky5
Yebl /b, HHETE 4R S YRR TR R R, I X,
B 2 AN A 75 et X 12 o 4 S R SR B A
B2, X TR T AR 9T X A [ e s 5 4 AR BRAS
DS N 1 g 8 1 g R S L N e U oy e 8 S
H CRIET & 5 5 1) AR fb ka3 —3k, i — Uiz i X
TR D Z B AN E W, SESR S e EERR L
BERNEIE. AT Y R E S BN R e TE
G 08 B R B G RN, AR 5T SR AN T B 37 i A
N B 4 R O ik, T AHERR B T AR B O TR B
P 5 b e AS IR T B 4 R A ARk A AT
R LA

U LA AF A 7% [X 388 PN 48 38 et A 386 0 32 R U5 T sk
B IF 22 57 K, Ui % V8 R R TR . ] g b e TR B )
TRER M X 23 SRR o, 3043 s B SR AR g ok, o0 i e e
A B R ATS Y FVEE IR B 451 1) JBUAR X . A 9T R A
P B84 IR DX 35 PN i )+ 48 7 4 B CAMI Zn & d 72 AR T — 8
FE IR, CARZn Sy bt B 423 B3 3 n, RA . %
M CAy5 Y 4 32 R IR T HL B0 22 % Sh LI B Th A 1R 58 L 4e i
BB P HLCAE A T PR SR , Bh Bl - S3EW BfF, 0k 45 Kk B
Tl 3 SRS RRAE, PR A A e 0 S I T ) Cd 2R
. ZnT5 YWy 3 B IR 58 16 1 B 0 LA R A 46 14 B A 23 1
CHm AR L AR B I B A ) P07, R 4 3 K X I Zn
SR R T L. AR CAMZn Sy B W 5 T8 ) L1
B, MR E RN R, T % X5 Y
W RER. FREEEEEP RS RS EAEE, H
A AR H 3 I SR A 4 4 s (WIND) 5 B
T, X ATRE S b A 2 Y B LA 6. TEARTF ST, R
B A 1 T T G /N B, R 9 v v A X N B R
T A B S RO B 4, AU 250,
5 B e PP A0 T 4 i ek ST O . S0 S AR A
Pb R —TT N N e e B B Sl Ts Yz —, (HJE, AR5
WeAT e BT (R Py Je AN AR R, X T BEJ& F T2 ML ) 8k
(R, A G R TR E AR R,

AT X380 )1 UL B B A R Ui B X, BR T sCam VR Sk
B TE 4 Jm 5 YL Ak, AT RE 8 2 2 Hoflh [ 4R 5k A R K25 A5
SEIL R, SRR X 4 R T R AR T RS B X B Z4 Y
AR, XS4 R SRS AFIEE), N



R6 BISFIBHOEITM

Table 6 Evaluation of the single factor pollution index method
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e . B AN H - o < P. <9 EAVEYLH <P < Yz YLK SR
T A JL3 I?l:lﬁb%(rﬁof P[] PV P< 1T RIGHHH . 1=h Nlen;lbIe(rJ(?tf HH 2= PI/\Iuslb‘:}(jr((‘)’fﬂ< " varﬁ j?;jiard
raffic flow Element - Range of P, P,Mean Number of non-pollution . - . o
evaluation mildpollution moderatepollution rate (/%)
Cd 9 1.90-2.98 2.65 0 1 8 100.0
. Cu 9 0.82-0.94 0.89 9 0 0 0
th Ni 9 0.83-1.11 0.99 4 5 0 56.6
Pb 9 1.00-1.22 1.11 0 9 0 100.0
Zn 9 0.93-1.39 1.24 2 7 0 77.8
Cd 9 1.67-2.50 2.05 0 4 5 100.0
Cu 9 0.72-0.84 0.78 9 0 0 0
Meg;um Ni 9 0.82-1.06 0.94 8 1 0 11.1
Pb 9 0.80-1.09 0.97 4 5 0 55.6
Zn 9 0.92-1.15 1.06 2 7 0 77.8
Cd 9 1.43-2.26 1.89 0 4 5 100.0
Cu 9 0.65-0.95 0.84 9 0 0 0
L{EEW Ni 9 0.76-1.34 1.04 4 5 0 55.6
Pb 9 0.91-1.16 1.04 3 6 0 66.7
Zn 9 0.88-1.21 1.07 3 6 0 66.7
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Table 7 Evaluation of the Nemerow synthetical pollution index method

ey b Traffic flow N, P P,.

& High 2.65 138 2.11 (1) 75 4% Moderate pollution)
1 Medium 2.05 1.16  1.67 (82 & {54 Mild pollution)

ik Low 1.89 118 1.58 (5 J% 154+ Mild pollution)
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Table 8 Evaluation of the potential ecological harm index method

o E,
Traffic Iz

flow Cd Cu Ni Pb Zn
= 95.69 (15 Yy
High 79.50 445 495 555 1.24 Moderate pollution )
h 76.01 (TG %
Medium 61.50 390470485 1.06 Moderate pollution)

72.37 (HEETG 4L

{I% Low 56.70 420 520 520 1.07 Moderate pollution)
fa®  haE B OB RN B
Hazard Moderate Slight Slight Slight Slight
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