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10 H ), F7K ohisl A28 8 A T Ge W i) e A
i, EARWA AL B AT, nTRE 2 e K
I [F) RUBE 7 A W T R T, ol T P A R b [
HN A S T M i . IR, ARBF5E oy
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T R S (] A S SR, TS P IR A A
IRURSE, 6 A DAl 5 R AT R AR R 8 2 el o 3 2 B
R B 14 SR e g YA R R R A A A XU K
FEE BRI, PREA R PRIP B S S

1 MEERE

1.1 FARHR VR P R AR 50 el & fady 2
A, AR H SR 22.5 ~ 26.0 °C, 4R 3 [
ik 2 700 mm, Ff % (5—10 H)MEZF (11 A —#
A4 )3 BN, e A [ BT A AR,
I RY DIGL LT HER AR 2085k 5 AR R B2
UL B BT R AR A AR . ZR TR AR AL AR AEE SR
B L SRR, AR A N TR, [FIE, 3674 A
/DK S R

R VP v 2 [ 2 e B TV B AV TR AR L R
o5 bl - R EE WV AE S ), A 5T AE 1 rg A RN
VUNES P /N T =BT /N 2 2 5 02 A NS = B v W k1)
T, EHCT 3B AN R TR A SRR
) i 7R % BV A BF 9 b S, BRI AHIZ £ (ZY, 18°
59'31.6" N, 109°36'28.7" E) . EFHHE (MY, 18°56’
13.1" N, 109°3028.9" E) F1 & [H4E (FY, 18°52'27.9"
N, 109°23'52.3" E). 3 /M RAE MG B LTLR,
TR AR B o T2 Syl S e AN [
Y AT BESE M), - e R A S E £ O AR B 7 55 1Y R
A

fHiz & A S T Rl A BT 60, i
FEAIK 2 m, WP 50 m S [l N 22 Ry Sie i, #5053 X T
TR AP AEARARE . B PR R A W A T = 224 T
ST HIE Y 4 m, IRIT BRI, Z2 R0+,
PR BB, AR T I B ALV S 2R B
e PR AL 7 T = 280 5 7, 5 B ale S iR
B2y 6 m, RN Z A ARARHEY), R THEGE &
B TEEIK RE AR B 3 AR B
AT N3 2 T 353 AR 29 10 km.

1.2 HMIEEMEIHERE 20224 10 A A
(), TEFF i T B 2 10 B T (MR R b e kA 7 3%
23R 5~ 10 om; KRR R MAE L)2)H0R
$ o FEIEELT N A 1) L AR A K
BT ], K B 53 591 2 Sk 100 (S) AN R JiE
(X))o FERFAFRHBNIE 7 SRR, 7 A
HR 2R AN Y3 (S) AT E (X J7 1], 4301 1 JE%
0. 10, 50, 100 m A7 B . XJ HEAE Hb %k [ 1 38
100 m &b, FEBEAE K R AF B PRHL . byl SR RAE IR
25, TEAHESCEAT TARDT 4 8 10 m [ PRI &
HE, BEEANLREIANER., E5ER
FESAL, R MR R, 3688 5 A 1 m? 1+
FERAE., B0~ 10 cm + 2400 +HEEE1 5], H
VU ok 7 22 AR i, IR OR B SREEFRIT 500 g 72
ARG, 7 [ SE
1.3 E£RBMWZE T Cr. Ni, Pb, Cufil Zn £
BEOR VR T 22 38 HE ik, HAR 4 1 R A Hb O b
(DB46/T 687—2025 +EIRHETT S E ), RS 1
13 Cd. As. Hg & EEUK, B, A58 3% B
Cr. Ni, Pb, Cu fll Zn iX 5 Fp 5 4 J@ #4700 5, B
TR A T T A R S AR

MR 5 CHI/T166—2004 338 PR35 W5 0 45 A AR
YU R O R 1 1€ 4 )& Cr. Ni., Pb,
Cu Ml Zn W& o RAENY TR i 78 B il XUk
AT 1 d e, Y PREE, FHFLAR 0.425 mm (916 2
Bk A HURN AU ok, SRS DUk R B IR
TR, DIARIEREARE S 3 5) . SR A B0 R T T
W43 6 BE IS I Cr Fl P & &, S KB
TR EEE U M NiL Cu Fl Zn B3 .
1.4 HESWH
141 E£575 34

1) Hb RFFEEL

1 B EU (geo-accumulation index, Jye,) JELF
7% 18 A SR B A EE SR e i) R AN T A
JEIE YR E R

Cy
KXBn)’ M

K, C, A Ja Y SN 55 55 B, Joxh I 1Y) B 42 T
HRAH; K NBIEREL — Bk 1.5, R BHRHO
BTG YRERE SRy 7 RONER 1) o MRS 5

225 3CHk [13], DUBUE B FUR G B dE - Cr=48.90
mg kg, Ni=10.30 mg-kg ', Pb=28.40 mg-kg', Cu=

Igeo = 10g2(
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x1 WRREBIR

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

13.10 mg-kg™', Zn=50.60 mg-kg ', Cd=0.10 mg-kg ',
2) I TEAE SN FE 5L
T 7E A= 25 XU 482U (potential ecological risk
index, RI) 75 & 1 A [m] 8 43 J& 1Y 52 5 480 A A 25 7
PR, AR

Ci=C/C} )

E.=TixC! 3)
n .

RI= Z E! @)
i=1

K, ECRBITR K%L, C FIC 45 E 48
FYSEME TS el T 4R AR Y ae b i 2R
#(: Cr=2, Ni=5, Pb=5, Cu=5 il Zn=1, 75 5{EfHH
T 48 M5 B ifE (DB46/T 687—2025 + 33855 5
FHE ), ELRTRI B XUBS 7 H 0035 2.

®2 ETERZEREEH EMEBEESKKEIEH(RD
Tab. 2 Potential ecological risk based on E' and R/

S ROTERAE  WTEAESE HE RS ARE
Class fEEE EECRI  Ecological risk grades
0 E <40 RI<90 fi Low

1 40 <E;<80 90 <RI<I180 % Moderate
2 80 < E;<160 180 < RI<360 %5 Higher

3 160 < E;<320360 < RI<720 5 High

4 E =320

RI = 720 .7 Extremely high

142 ELBRBOH  AHIRESEIORE Y
A SR I AH 5 0 A i . 32 803 0 BT vk (principal

component analysis, PCA). & & 73 #7 ¥ (cluster

analysis, CA) S5 1F 22 4 14 K 143 i 72 (positive
matrix factorization, PMF ) 47 R, HoAv, A6
P BT 2 e AR 4 S PR 2 [ ) B R b AR G
RBCRAVIL AW HoR IR A R I . B an R i fh e
4@ Z B 0 B AE A /NF 0.05, W ZRBHE AT RE
EA MR 2, MW g R EAN . PCA
& — P AR AN Z AP TE A M 2 R
A ZR A N DB LA A B S B B S
%o CA J& P e U5 AH [ 1 4 J& FEAIR 1A 1
H 3% o 2 [F]— 4100 777 . PMF BERUd e/ —
ek, RElFIRT o 15 Ye R S L Dl HORTEZEm)
VAR o 207 0T DL 3 5 R R B s A E
Heae, s ey on R AR, B TR o b 45
IR, 10T AR RN o g5 e o i B A 7 e AR
143 HAEST  ffiH SPSS v22.0 X 24 >+ 1
it 0 S 4 i A TR A0 A I S A 0, B
TSR & S A AR R . R ANOVA FI
Duncan 5 568 5 1 3802 6 9 A [m] #2510 o 43
Z3 [ 43 41 o {3 Origin 2022 FE4 A /M A1 3 L
BT (PCA), #& 5 1 H Kaiser-Meyer-Olkin £
78 43 1 I 4 (KMO) A1 Bartlett Bk & 6 5 5f 1 32
PCA HYA R,

2 GRE5HM

21 TESEESE MNER3A ezt
e # 45 J& Cr. Ni, Pb, Cu Al Zn [ & & 20 % N
42.0 ~78.0. 3.0 ~10.0, 8.0 ~20.0. 2.9~ 7.6, 21.0 ~
41.0 mg'kg's HIGRA R TS SAEAMLL, Cr (1)
FRE AT FRRIL 100%, R HESEE Cr fA17E—
ERRFEEIALZE . Ni, Pb, Cu Ml Zn [ S AL RRR
4 29.17%. 0. 0 F1 0.

LN T4 )8 Cr. Ni, Pb, Cu 1 Zn & #4
HIh 24.8 ~66.4, 8.0 ~20.0, 6.0~21.0,2.7~11.6,
23.0 ~ 102.0 mg-kg 'c SR MY 1T S H AR
e, Cr il Ni 9y 55 07 A5 R 43 51 4 83.33% Fil
87.5%, HAh & 4 )& & 2 I W AR B4 .

FPHFHFE 4 )8 Cr. Ni, Pb., Cu 1 Zn [ &#4>
HIH 12.0 ~ 42.0, 4.0~ 13.0, 7.0 ~ 25.0. 3.5~ 10.9,
19.0 ~ 97.0 mg-kg ™, H A BR300 R 42.67%.
70.83%. 0. 25.00% Fl1 50.00%.

22 BEEEMZTERE MELSESKRE,
iz & FFUT e A B R - 98 Cr 5 1 B S S B
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Tab. 3 Soil heavy metal contents on both sides of the expressway crossing section
KEHE Plots 645 Elements Cr Ni Pb Cu Zn
_ AL /(mg-kg™) 42.0 ~78.0 3.0~10.0 8.0 ~20.0 29~76 21.0~41.0
fhe2 SRR Y% 100.00 29.17 0 0 0
AL /(mgkg ™) 248~664  80~200  60~210 27~116  23.0~102.0
i SRR Y% 83.33 87.5 0 12.5 16.67
AL /(mg-kg™) 120~42.0  4.0~13.0 7.0~25.0 3.5~109 19.0 ~97.0
i SRR Y% 42.67 70.83 0 25.00 50.00
s LI RE /(mgkg™) 26.57 6.38 26.44 7.72 47.10

BRI e T JE AR AR LA, B
U HH B 7E T S BN 10 m &b, 43 5B oA 70.33
mg-kg ' Ml 74 mg-kg!, ¥ & T X AL HL . Ni,
Cu Ml Zn Fi5 Cr AR b —2L, Pb & mif ik
O BTN FR I SO S RIS T v PRI, A
PR 7E HE T A B UE S0 mAb, & 1833
mg-kg (& 1-A).

B BHAEL BRI R A B PN - 48 Cry i AR fh
BB, A LI A B PR SO e T R
BREARR, 76T IR o A % P O RO e 22 AR, W
HPLFE b = A 10 mAik, A 61.67 mg-kg!,
By T IR D . = A # 0 m Ak Ni Fl Pb 5 i
431k 23.67 mg-kg ! A1 18.33 mgkg !, BEH T
HAbREESRAE S, Cu A (KT IHAE SR, W fH
PRAE A 0 m A2b, Zn 5 B v A B A A0
T S ATE, e REARUS T i PR AR, U HE 37 B e ok
OB B 0 m AL, FiEh 94.33 mg-kg (& 1-B).

e PHAFLRAT I A B PR - 1 5 42 ) Cr
Ni P o 1 2 66 P 3 B e e T v e PRI, D
IR R R A B L R 10 m &b, 435Ik 35
mg-kg' fl 44 mg-kg', 11 mg-kg' fl 11 mgkg',
BrEFxt A, Pb E AR Cr Al Ni —
2, MHEAE B AE B AR VT U IR A 1 S0 m
ib, & BN 26.67 mgkg'. Cu & & 28 A 80N,
Zn F i I R A B A 3 R, SERRARUS T
PHREAR, DA PR R A B R Ui SO m A, &
o 92 mgkg '(# 1-C).

2.3 TETRIMBELESRE
231 BER{BHE MNE 209, fHE2mEA
S P A3 Cr 19 3t R BUE L (Lo VLI N 033 ~

0.89, Ab T Tei5 YL 5| i BE TS YL (IR S, Cr M REREE
A /3 A T 4132 £ TUiF 10 m B9/ S . N,
Pb. Cu Fl Zn #h 2RI HIIMET 0, HHETAL T AR5
YL IREE o A o e B 1 4 R R T B
AT $1) 7 % PHL H 40 45T A ARG R 20 184 T i AR A0 A2 Ak
FEEN

B Cr 1 RFFEECH-0.64 ~ 0.63, BRIEE
TS HEBIN 100 m KX BEAE i) s RERFE B T
0, &b FIoi5 YR AS, FHALRAE S35 T 0, &b F
T 5 e B T BE TS Y IR A, WE M (1,6,=0.63) 4%
ATFEE I FUF 10 m ARIRE &S . BREHEAHE 0 m
Ab ) - TR 4R NI R BAEEHON 1.31, )8 T
FETS YRS RS A B 0 m ARy Zn i BRFRFE AL
Sk 0.42, A TET5 Y B R TS Y PR BRItz 4b,
HoAh SR A A5 A Niy Zn DL K R iR 2N 6 50 B P
A1 Cu i REFEEIIET 0, &b FIEi5 R

T BHRELHE R B 2 B L3 RN T i 10 moFE A Y
T e 4R Ni FIEE S A B T O m AR Zn 1Y
i REFERIE T 0, AL T IS Ye B b 5 Yy
AR o HASRAE i 1) 5 4 i b R AR BT
0, .75 [] A Jay b & B g I T8 3% Pl T 890) 3 34 e 11
o eI ING REAR AR T R B, M SRR S 2
PRAERE = A B 10 m S LA
232 BHAEESREHRIE (T2 S @ HEPm
+ e 4 A0 BT R A S KR TR AL E; KT 40,
AR A SIS FEE(RD AT 11.83 ~ 20.17, B A%
T 90, i 4 % o ik B - e AR A 2 XU A1 (&
2), Cr. Ni, Pb, Cu Fl Zn fJBATCE AE KU 45 %k
E B8 T X B, LG AE 22 1 BT i I
1E T 05 MR 5 3 2 B 10 m (R /IVEE A5, YBTE A SR
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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
F L XARFTUE, CK X filln ZS10, zX10 73 5#Rftz BT
IR A 10 m b, AL

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.

W i 00 H I AE = N TR 10 m &k (RI=
20.17),

B BH LR AE 1 % v S 6 P A - 38 o 6 iR 1
BT ER AR A XU 18 5 <40, T 7E A2 25 KUK 45 %

RI<90, 5 it B BT 1A S UG AIK . B BHB £
4 A A KU 28 ] A3 A sy S s £ — 3 (H
T TE A A5 XU Fa BRI 1 1 PR = B A B O m i &
(RI=34.26)

T PR AFLRAE i v 2 I P 0 - e o 4 8 BT
R U 48 BN AE AR A AU 8 B AR, 3R
B X 8+ A S KB K . Cr. Niy Pb, Cu Al
Zn Y ERTTER A A XU HE BRI A= 28 XU H8 503
e T R AR, Hod, Cr AN N R BAG 2 A S KU

T8 B0 (B BLAE = A B 10 m &b, Pb. Cu Al
Zn 1) PR IT 28 A 25 XU 48 g (8 BT 5 3k N %
50 m &b (& 2),

24 TEFEEERKELETE
241 ARXMSAT AR AP - S

FRA RSB, S5 SR 32 7F 0.05 19 & {5 /K F
J:, +3Ed Cr 5 Pb & B IFEAH, HAH G R
/N, 2} 024, Ni 5 Pb, Cu., Zn ¥JELIEFISE, M
2B 1R 0.29, 0.34 £ 0.48. Pb, Cu, Zn %
Z AL EA 3 DA G, A R R 0.82, 0.72
F10.73, BAEAIX 3 Fh 4w B AT AH [F] AR U5 (P<0.05,
K 3).

242 ERH>HH (PCA) T Hras i
(% 4)FR B, T R FArts AR ] 52 el v L B 2
B HEE S E EEZ WA E R, R
HIh 3.041, 1.099, RFHERE T L5 2511 82.814%.
F A5 1(PCL) B 7 22 19 60.826%, FKHLH Cu
(0.546) . Zn(0.537). Pb(0.500) . Ni(0.403) /5 %5 i
Y TE 2 A s 04 2(PC2) Y Cr(0.936) 5 v #k 1y
fifr ks T B 2219 21.988%
243 EXMEMEETLME PMF HHrE &R
NSRBI SR EEAP ORI, =,
Cr F 2 A2 I o mk, o5 54 8 R IR 1Y 89.5%,
Pb I Zn F2 %2l -4 F AR IR Bmk, 4351 5 B 4 Jm ok
TRK) 57.2%. 79.8% (& 4) .
3 3 i
30 SEARFHRIESEESHRTHNE
2000—2019 4, 1 Fg FHT AR [ 5220 el 1Y) 1 it
BAHN 2134.6 km, Horb s sl N BB 13.6 km, (553
O3 LR IR 50 km( ™2, A O - S R

SR AT BRI, A B TR 9 E S i A
f95 ey RBLUE AR, S M 0 g 3 B R 7 2 ) [
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Fig.2 Geo-accumulation index and ecological risk index of soil heavy metals
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% PR 3T N 376 328 W D/ N B B KR I I, e A

B 05 R B 2 s T
5 R (T

FX10 FX50 FX100 FCK

& BH4 Fanyang

i BAFLE

KR IH Xt

T A DX, X
SR B RITR A BAER



5 G MGAE: A AT AR T A o e T B R ) < XU PR A 869

1.0
Cr cr -0.051 0.24 0.18 0.010 0.8
0.6
Ni Ni 0.29 034 0.48 0.4
0.2
Pb * * Pb 0.82 0.72 0
-0.2
Cu * . Cu 0.73 -0.4
—-0.6
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Fig. 3 Correlation of heavy metal concentrations in the
surface soil of expressway crossing section
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Tab.4 Load matrix of main components of soil heavy

metals

PC1  PC2
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Fig. 4 Sources of heavy metals in the soil
based on the PMF
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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.

Keywords: tropical rainforest; road runoffs; soil heavy metals; distribution pattern; ecological risk
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