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Abstract; With the increases of traffic mileage, the exhaust emission of motor vehicles has be-
come one of the major air pollution sources. In this study, we took the typical mountain road ‘24-
Curve’ Highway and the surrounding sites (the foot of mountain, hillside, martyrs cemetery,
viewing platform) as the research objects, to examine the common traffic emissions of heavy met-
als Ni, Pb, Cu, Zn, Cr, Cd, Mn and Fe using epiphytic mosses as monitoring materials. Ele-
mental enrichment factor and fuzzy cluster analysis were used to analyze the contents of heavy
metals and possible sources in epiphytic mosses. The results showed that the average enrichment
coefficients of Zn and Pb in the study area were 21.83 and 18.04, respectively. Its source was
mainly the release of human activities. The pollution level of ‘24-Curve’ Highway was generally
much higher than that of the surrounding sites, in which the enrichment coefficients of Zn and Cd
were five and seven times higher than the lowest point, respectively. The results of fuzzy cluste-
ring and correlation analysis showed that the heavy metal pollution in the study area not only
came from traffic emissions (Ni, Cd), road dust and the abrasion of vehicle related materials
(Cu, Zn, Cr, Cd, Mn and Fe) , but also was affected by the nearby mining activities (Pb, Zn,
Fe, Mn).

Key words: ‘24-Curve’ Highway; epiphytic moss; heavy metal; pollution source.
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Table 1 Habitat parameters of five locations
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Fig.1 Distribution of moss sampling sites in study region
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Table 2 Comparison of the average contents of heavy metals in the epiphytic mosses ( mean + standard deviation) from‘24-
Curve” Highway and the surrounding areas with the average of soil background in Guizhou Province

RAER HEE A
Ni Cu Zn Pb Mn Cr Cd Fe

1AL 40.4+1.7b 35.6+4.8b 126.6+9.1c 77.6+5.5b 315.7+5.2a 47.8+2.2b 1.11£0.12a  12820+785.9b
2. - DuiE g 47+43a 42.9+2.6a 374.9+45.9a 46.8+10.4d  283.6+35.9a 98.4+23.9a 1.66+1.18a 9587+245.9¢
32 39.1£3.2b 38+2.2b 222.9+13.1b 65.7+3.6¢ 222.8+17.4b 96.6+3.6a 0.44+0.05b 9660+53.7¢
4.0+l 50+7a 36.6+2.8h  157.8+3.9¢ 40.2+2.1d  282.9+4.5a 771.742.4a 0.47£0.02b  14440+16.8a
SMEA 33.5+2.4¢ 29.6+1.6¢ 330.4+2.6a 119.7+3a 244.6+5.8b 35.4£2.4b 0.84+0.04a 7320+7.8d
MG A BT 39.1 32 99.5 35.2 794 95.9 0.66 4.17x10%
[ 5[] 5B 3R 7R 25 5 [ 3 (P<0.05)
3 T HEHBMRAMESERESEITREEXES N
Table 3 Pearson correlations of heavy metals in epiphytic mosses from“24-Curve” Highway region

Ni Cu 7Zn Pb Mn Cr Cd Fe
Ni 1 0.185 -0.194 -0.076 0.189 0.135 0.195 0.620 " *
Cu 1 0.811" " 0.127 0.859" * 0.743 " " 0.163 0.273
Zn 1 0.036 0.721"* 0.618" 0.019 -0.150
Pb 1 0.247 0.027 -0.080 0.063
Mn 1 0.579 " * 0.253 0.375°
Cr 1 0.391 " 0.249
Cd 1 0.286
Fe 1

s fE 0.01 KOO BB E A E, = 78 0.05 7K OB E A5G,

BB FE R H W 2 P BEER 19 7 A ( Marchesini et al.
2001 ; Ai et al. ,2014) fin b3 5 XUa) (2 XL) B9S2
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>Cu>Ni>Cr>Mn>Fe (& 2), HH Mn Fl Fe -1
EHERBII/NT 2 UL Mn F1 Fe SAFEGE Y, Hok
IR EZL LI AR A ARUE N 32, Cu P Ni Cr Al
Cd WP & £ 29 10.49 18.04 .10.39 .6.85
F111.96, UL X 6T 3 1 i 5 2, bRz AR IR F
HAMNEZ B E T, Zn TP EER
k) 21.83 R IZTC R BRELE 4, HORE T fE
FER AT AR E SR,

AN [ DRI A 5 i o 4 e B R Ak R
(R 4) T YR EERU Ry — - DE B > W5 5 >80+
Bz Bl > L B> 2 Ll MBE - DU 5 119 35 Yl A i B e

50 r
2000 4F LUK RESLAT T8 1 B FH A 4 P i LS
SRR RE S 0L A LT TSR B A 1
2.2 A B R T 4R C I B R 30 |
FE 4 Sutherland %) ] Wr #& #E ( Sutherland, = 20 | !
2000) , HHHE B A= 25 8 v 7 4 8 90 22 19 B 4 2 K ‘
SR S AL R T G (EF<2) B0 0 T %% (2 0 41 | 1
<EF<S) i EETE YAl TR A A T ol == e
ZNHTAREN, T (5<EF<20) @555 V% e e e e e o o
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Fig.2  Enrichment factors of heavy metals in epiphytic
mosses from*24-Curve” Highway region
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Table 4 Enrichment factor of heavy metals in epiphytic moss from “24-Curve” Highway and surrounding areas

H4E 11K - piE g ey fi 4B WA
EF VYRR EF TG YR EF T YR s EF VYRR EF TG YL

Ni 5.86 m 11.88 Il 12.54 mm 6.04 m 6.89 I
Cu 6.30 m 13.26 I 7.83 I 5.40 1 7.45 n
Zn 7.21 ii| 37.26 v 9.42 i} 7.49 i1 26.74 v
Pb 12.51 ili 13.15 i} 14.11 i} 5.39 m 27.38 \Y
Mn 2.25 1 3.53 Il 1.86 I 1.68 I 2.48 Il
Cr 2.83 1 10.15 Il 2.06 1 3.82 I 2.97 Il
cd 9.58 ili 24.91 v 11.08 i} 3.33 II 10.25 ii|
Fe 1.74 I 2.29 I 1.38 I 1.63 I 1.41 I

T A X, o Zn R Cd #BEL A FI i RE TS Yk
-, 23 SR 5T DB A R B AR A Y 5 AR T
£, Ni Fl Cu 7E 5 D HbSCER AR T 10 3575 YLk F
Mn 1 Fe (1) 5 R EORHXT T HAD 5 46 8 1Y 75 Y i
BONE S Qe MR s s, 538, Zn T PD 7
FEi AR B B B B T s A Gk B
B PIFPOT R R TR T 28l 15 Y 2 AL T A H:
LRS-
2.3 HERAHRIEH

BB A= 5 5 v o 4 R ) SRR SR 2 (&1 3) %
FIRM TR 430 3 A RSHE, 55— (cluster 1) {2
& Ni Fl Fe & BX M Rh T 2R 7T AEHATAH R SUAH R
U, Fe T YRR H WITER (Shi er al. ,2010) , T
B AZIE AT Fe TUR SN EAN k i 131 4=
AT L A ) Ik 22 A G (Sternbeck et al.
2002) , 1A T RE 5 4 /DN ) 52 3 e ) S0 A5 AT
X ( Bukowiecki ef al.,2009) , Ni () R KB 5
BV e 9% LA KOk ot 0 AR AR B SR T A 24—
AR N H T 5 B AG S8ah A R I AN R IR B
( Baralkiewicz et al.,1999;Oludare et al.,2014) A

0.4 - O Cluster 1 o
@ Cluster 2 : Cd
B Cluster3 :
02 :
§Ni%
: Fe
‘E 0 b AR
A (> Mn
Cr
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-02 Zn
-0.4 pb.
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Fig.3 The fuzzy clustering for heavy metals means in epi-
phytic mosses

W 1 AT RAH R T b 2 N A 3 R 1 25 5ok
o 5 259 (cluster 2) 37 Cu Cr . Mn 1 Zn, %
SRR IR N 577 ( Karanasiou,2014) 38 &
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(Thorpe et al. ,2007 ; Thorpe et al. ,2008) [F] il 2 J&
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(Pant et al. ,2017) . Zf b, &2 W REEE AN T 5
ERPATRAT S R0 5 e B 0L, ) 2l B 453 A 3k 42
TIHb, T EAR I B Zn TERE 2 h 5 HAMOTR AR
JER2E (K 3) ik FEOE WS 6 B BETS Y id 52
B 7Ok H BT AR RS2 X LR P g
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[ A 8 T =260, B0 Cd BRI b3 O .
MBLAER T (3 3) ,Cd A5 — e A3 de i 32
Bl Cd TR S5 — X RN E®, M LT
() Cd & R, CJ8 T Cd BTG G X (IR
45,2005) , I, Cd H9e32 8 T AR A
K, Cd {5940 v 5E 5 22 8 P35 A % ( Gunawardena
et al.,2013) , DU IX B A I H 2 < S7 AR
NI EIPRGE 28 0T, G245 i, el Y A 4
TR 1ok YN | S A SR N T HEASURIFE IR S
PR AT 5 B 43 40 Cd L Cu A1 Zn 14 R
(PR ,2008) , R il iE b A S Cd AR
Al figJE Cd BRI Z — (Thorpe et al. ,2008) , BiF 57 3
W], Cd 2R 1 000 7T BB R 22 K T #A B2 ( Stern-
beck et al.,2002) , BEAN, HLE 450 ELAEHERL ) RARL
Y R AT R AR rh S DR kA2 Cd 1 —
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