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Tab. 1 Grades on the basis of /4.
sy WBETRIEEL TSR
Class Lyeo Contamination categories
0 Igeo <0 TDEQ% Unpolluted

T ge—r TG g

1 0<l,,<1
Unpolluted to moderately polluted

geo

2 1 <lpo <2 HH Y5 % Moderately contaminated
YEV_ AR YR
3 2<lp <3 Hh G YR 5 Y

Moderately to strongly polluted
4 3<lyo <4 FRIGYE Strongly polluted

SRS YA H 5 G

Strongly to extremely polluted
= Hi 15 4% Extremely polluted

5 4<lpy <S5

6 lyo>5

2) W HEAE A XS HE 5L

W 7E A 25 KU 45 %X (potential ecological risk
index, RI) % & T AN[A 5 4 J& W 2 AR A= 85
PR, AL

CL=C'/C], )

E.=TixC! 3)
n .

RI = Z E! @)
i=1

A, E BT R KSR, O FNC o5 E 4R
A SSIE AN TS S E . T)oh 48 R A VIR PR 1 R
B:Cr=2,Ni=5,Pb=5,Cu=5MZn=1, 55
(B3 FH ¥ 1 45 7 A o (DB46/T 687—2025 + 3%
IR SN ELFD RI WA o0 W4 2.

%2 ETFHETERBIELY EEEESRBRIESR(RD

B A AR 53 4%
Tab. 2 Potential ecological risk based on £’ and R/

G FOTERNK: RS KU A= 2SR

Class HEE FRECRI Ecological risk grades
0 E<40 RI<90 i Low
1 40<E <80 90 =<RI<I180 1242 Moderate

2 80 <E<I160 180 < RI<360 % Higher

3 160 < E;<320360 < RI<720 75 High
4 E =320 RI = 720 B .
Extremely high

142 E2BRRBRAON AMIEESIE KIS
BT SR FHAH DG 43 B i . 32 143 43 B 12 (principal
component analysis, PCA). % 25 43 ¥7 72: (cluster
analysis, CA) %), 1F 22 Hi B4 K -4 fiff 72 (positive

matrix factorization, PMF) #4750, Hirp, AH5¢
PR3 AT R 38 ) 355 4 PR T 2 R Y e IR b A OG
FRECRA A5 P H DAY [RIJEE . R an SR A
&)@ Z A EAF KN T 0.05, WERBIEATA HE
BAMFE R RIR; fez, W ERIFEAR ., PCA
ST P A AR AR Z A AFAEAR DGR 5 R
AR A /D BULA A B ST 0 FE RS gty
o CA JE—FE R IR ) 1Y 4 J8 E IR B 1
A h%) 70 3 [ —2H R 7 vk . PMF BB ] /v —
ek, BB I A Vg eI B K DUk 32, HOAN T 240
FERI Y o AT DL 5 T 0 R o B AR LR
SRR TR AR, B THR A R, AT L
AN 2 P X B A0 o e A T4

143 HdE%t  {fiH SPSS v22.0 Xf 24 4~ 3
R il 1 T 4 B AT AR O3 A FNE S PR IR, 1 5E
T AR O AN AR . R ANOVA Fi
Duncan A5 35 i 1 5y 28 23 B PN AS [] #2510 B2 4
Z W43 . {8 Origin 2022 FEAFHH /30 Al A
753 HT (PCA), SR )5 1 ] Kaiser-Meyer-Olkin fli 4%
3643 1 - (KMO) 1 Bartlett Bk 1 46 56 3k I 328
PCA BYARLIER,

2 FHRE5HM

21 TEEEEAE MNER3IWALfHEst
1 # 42 J& Cr. Ni, Pb, Cu 1 Zn %75 [ 2 %) N
42.0 ~78.0.3.0~10.0, 8.0~20.0,2.9~7.6,21.0~
41.0 mg'kg'. HiFpA M T SEAMEL, Cr iy
KA S5 A AR R IE 100%, FHES)E Cr f7E—
ERERZ, Ni, Pb. Cu Hl Zn i S ALEFRR S
W4 29.17%. 0. 0 1 0.,

EHEE 48 Cr. Ni., Pb, Cu £l Zn (7L HE4>
Wk 24.8 ~66.4, 8.0 ~20.0, 6.0~21.0,2.7~11.6,
23.0 ~ 102.0 mg'kg 'c SUFRIA MY 1T S HAH
b, Cr Al Ni 1y 55 07 H A5 2% 43 51 4 83.33% Fil
87.5%, HAE 4 )& & I W AR 4 .

FPHAATE 42 )8 Cr. Ni, Pb, Cu 1 Zn HIFE >
Wk 12.0 ~42.0, 4.0~ 13.0, 7.0 ~ 25.0. 3.5~ 10.9,
19.0 ~ 97.0 mg-kg ™, H G A @BARZ 75K 42.67%.
70.83%. 0. 25.00% F1 50.00%.
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12 5 BT e 2 6 A 0 48 Cr 57 62 v 0 %
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Tab. 3 Soil heavy metal contents on both sides of the expressway crossing section
FEH Plots #6475 Elements Cr Ni Pb Cu Zn
g% AL /(mg-kg™) 42.0~78.0 3.0~10.0 8.0 ~20.0 29~76 21.0~41.0
FALEPRE Y% 100.00 29.17 0 0 0
AARIE /(mgkg ™) 24.8 ~ 66.4 8.0 ~20.0 6.0 ~21.0 2.7~11.6 23.0 ~102.0
A FALEPRE Y% 83.33 87.5 0 12.5 16.67
AL /(mg-kg™) 12.0 ~ 42.0 4.0~13.0 7.0~25.0 3.5~10.9 19.0 ~97.0
i FALEPRE Y% 42.67 70.83 0 25.00 50.00
A T R 26.57 6.38 26.44 7.72 47.10

O B 10 m 4k, 435 A 70.33 mgkg ! Al 74
mg-kg !, Y X AL, Ni, Cu fil Zn & & &
Cr Akl 34 —3, Pb 7 5t = 28 I 0 e 30 S
T8 S AR TR PRI, e A T B e N
¥ S0 m Ab, SR 18.33 mgkg (K] 1-A) .

B BHAEL BRI R A B PN - 48 Criy it B fb s
0 N € W 13X =BV /N 3R i) S v wb A =10 =
13 i S N3 SR /N S S BN S v s o A A
HEFE LRI A 1 10 mAd, A 61.67 mgkg !,
Y Tt AR . A 0 m AL Ni Al Pb &t
4351k 23.67 mg-kg™ A1 18.33 mgkg™, BEH T
AR B RAF A5, Cu & I T AT 4 ), V(A
PRAE A 0 m A2b, Zn 5 B 32 B A A0
W RGTE, SRS T PR AR, W ) B B e
i B 0 m &b, ik 94.33 mgkg (K] 1-B) .

e PHAZLRR T o 2 B W 0 - 48 5 42 )& Cr 1
Ni 75 2 I e A 3% PR A R e SE T R I AR, (A
LR M A B B R UE 10 m AL, 4351k 35
mg-kg ' f1 44 mg-kg!, 11 mg-kg' Ml 11 mgkg',
Bim TR, P AR RS Cr M NI —
2, HEAE B AE B AR VT T U I S A 1 S0 m
Ib, &R 26.67 mgkg!. Cud &AL 8N,
Zn iR R B 3 ST, Se RS
PHREAR, A A H 76 I A B R Ui S0 m A, &
0 92 mgkg (K 1-C).
2.3 TESRMBAEESKE
231 MERBE NE 2 0H, 2 5 HEA
PN - 338 Cr 19 b SR AR B (1, ) YL R 0.33 ~
0.89, &b F T 15 YL 3| v B V5 YL IR, Cr b REHS
BOUEAE /A T 4132 £ Tl 10 m B9/ S N,

Pb. Cu Fl Zn #h Z2FRFEHIIMET 0, HHETAL T ARG
YU IREE . s I o e B 58 4 B i
I 3 376 % IR H 2 U A AT R 2 B4 in I AR 9 A2 4
FEE

B A Cr # BT BOE F R -0.64 ~ 0.63, B
P N B TR ) 100 my S Xof HE R St i s R FH R %
fIKF 0, kb FTei5 kS48, HAth RAE S Y& T 0,
b IETS e B BTG YR, W (B (1, = 0.63) 73
AT TE R N L 10 m AORE S . RS A % 0 m
Ab ) 1T 4R NI R BAFEHON 1.31, )8 T
FEVGYIRAS s B R N 0 m AL AY Zn b BFHE %L
k1 0.42, KbFI0T5 Y 3 rp BE TS G IR Btk 2 4h,
HAbRAE S5 NiL A1 Zn D% N B 20 1B Pb
Fl Cu A RRFRENT 0, &b T ICi5 YR

e BH BELIE R 2 % LU AN R U 10 m AR AT
T 4 Jm Ni FIEE S A B T O m AR Zn 1Y
i RFFR BT 0, RHEAL T ICIE YL R R TG Y
FRAS o HAhSRAE S50 4 R Hh BRAR TS BT
0, {HZ [A] 45 Jey - & BA I 3% P 0T 81 378 28 457 6 11
SR E BRI Atk 3, Hb BRFRAE B 2
PRAE I e A BB 10 m ST P9 o
232 HAEBREARH Tz S &N HEm
+ e 4 R N HoT R A S KSR E; KT 40,
AR AR A XS HE 8 (RD AT 11.83 1 20.17 Z |H],
WA T 90, fry 2 i 2 A B 1= RV A 2B A8 XU
& (& 2). Cr, Ni, Pb, Cu Hl Zn FJBATC R 11 S
B850 B, (635 T BRE L, FLGE(E 2t BR7E &
N IE T 7 U A 10 m R/ IVEE A, TR TE
A= 2 AR 6 B Hh R AE R A B T 9% 10 m A
(RI=20.17),
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Fig. 1 Spatial distribution pattern of soil heavy metals

TE: Z0, MO, FO 43 IfLRAtE . B, BB E AR T 7 s AR
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Note: Z0, M0, FO represent respectively the sites under expressway at
Zayun, Maoyang, Fanyang; S and X represent the up and down stream;
CK is control. For example, ZS10 and ZX10 respectively represent 10
meters upstream and downstream of the expressway, similarly hereinafter.
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50 m Zb (& 2),
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AT A OCHE Z3 B, S5 SR R 7E 0.05 1Y B A5 K
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/N, 0.24, Ni 5 Pb, Cu, Zn ¥JF R IFEME, H%
2B 5°M 0.29, 0.34 1 0.48., Pb, Cu, Zn P}
Z AL EA 2 AR OCHE, A OC R B 0.82,0.72
A1 0.73, i B X 3 R0 4 R 5 A A R Y ok VR (P
<0.05, ¥ 3).

242 ERHSHSH (PCA)  F b dh
(3% 4) 3R WY, T B FAT T AR ] 50 el vy L I 2
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F 4 1(PC1) ST 2 19 60.826%, FK LY Cu
(0.546) . Zn(0.537). Pb(0.500) ., Ni(0.403) (5 i
MY IE AT 43 2(PC2) Y Cr(0.936) i i A,
fif ks T BT 2519 21.988%

243 EXSEMETFHME  PMF /A E
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TR 57.2%. 79.8% (& 4) .
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Fig.2 Geo-accumulation index and ecological risk index of soil heavy metals
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Risk assessment of soil heavy metals in the expressway section

crossing Hainan Tropical Rainforest National Park

Zhang Yi'"*, Yao Xiaolan’, Ren Mingxun'*"
(1. Hainan Institute of National Park & Key Laboratory for National Park Protection and Development of Hainan Province,
Haikou, Hainan 570203, China; 2. Hainan International Joint Center for Terrestrial Biodiversity Around South

China Sea/ School of Ecology, Hainan University, Haikou, Hainan 570228, China)

Abstract: Hainan Tropical Rainforest National Park is the only national park in China with an expressway traversing the Park. To
reveal possible potential impacts of the expressway section crossing the National Park, three sites (Zayun, Maoyang, Fanyang)
along the expressway section were selected to determine the soil heavy metal (Cr, Ni, Pb, Cu and Zn) contents and analyze the
distribution pattern of the heavy metals on both sides of the expressway section. The main sources and affecting factors of each
heavy metal were also examined. The results showed that Cr and Ni were the main heavy metals with the highest accumulative
rate in the soil, particularly at Zayun and Maoyang, where the soil Cr content exceeded that of the control by 100% and 83.33%,
respectively. Soil heavy metal content showed a decreasing trend with increased distance from the expressway or an increasing
and then decreasing trend, with the peak appearing within 0—10 m from the expressway. The Geo-accumulation Index showed that
the soil Cr, Ni and Zn were at the level of non-pollution or low pollution and thus the overall ecological risk was low. The main
source of the soil Cr was traffic emission, while the soil Pb, Cu and Zn were mainly affected by the parent material, with the soil
Ni showing mixed sources. All these results suggested that the current ecological risk of soil heavy metal along the expressway
section was low, but the soil Cr and Ni were gradually accumulated in the soil near the expressway. It is recommended to
strengthen the vegetation restoration and management of the expressway section, to improve the measures for collection and
treatment of the expressway runoffs, and to focus on monitoring the dynamics at ecological sensitive sites such as Changhua
River, which are crucial for preventing the potential accumulation and migration of soil heavy metals and to ensure the ecological
security and high-quality construction of Hainan Tropical Rainforest National Park.
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