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ExREESIBAE

HRRE S, W B, 2, skBrpr ', R, i, MR
(1. TTRBFERSE a A2 5240 b Wi oo BRIZERE; d B SREEOR2E, T 524088;
2. MR ES TR ARASLEE, HEYL 524088)

OE GBGETT T E L X I LA MR A A AT X 4k, 2 FH R A SR RS (ICP-MS) 52
LIMMRE IR ARAYR . B, M ESE (8 Cu. B Zn, #5Pb. fACd. % Cr. NI, il As) MFTH
5345 12 FH Hakanson V78 2B 75 XU 48 BOTAG Z0AAR 1 HE 0 3 4 15 Qe R K, 256 DG o Bl AR A0 BT iR
T 4B R R R BOR IR W s R E (BCF) . FH2 /480 (TF) /- HrdE &8 46 L3-8 b i s 42 A
TR BREV . 1) PHRIXEKIZE TR E S8 MM Zn (57.48 mg/kg) >Cr (29.31 mg/kg) >Pb
(19.23 mg/kg) >Cu (16.62 mg/kg) >Ni (8.18 mg/kg) >As (6.00 mg/kg) >Cd (0.20 mg/kg). 7FhoeZ -3 i
YRR (PRI A - FH b SRS A AR HE)  (GB15618-2018) (pH<5.5) KU FfiE(H; Cu.
Zn, CARIAs R AE AT AR S HEA2.08, 2.74, 6.75 A 1.114%5,. 2) E4Jm T CdiErds
B BB, WA SRR RR, AT RSB R, MR X H IR E SRS EES
WA s, EERSAN . Fit . MIPREMHICKER, SpH, PEFMELR. 3) Zn, CrMCuTE
CLRAE A N BT 0 B0, P, NiflAsIRZ, Cd BTt 80, BRICHHE & Zo MR- #5128 R8> 141, &
S B AER AL | AR AT S b i A= ) B SR R B2 BB < 1, BUUIARAEAR . AR FITCIREG X & 42 )
B & BB R IR, KA 0 F R BN, B T 5 458 o B A3 i AU

KR AR I, BEJE; EWEERE (BCF); iz &% (TF) AT
hESES: X53 XEREREE: A XEHS: 1001-5221(2021)02-0398-12
DOI: 10.13284/j.cnki.rddl.003320 Figfs (FERS) $IRM (0SID): |

ZTR AR RS R RS T V5T 11 R R ot A
SR AR AR R T I i b o) 9 o )
WAS RS, BAEZEMNESIHERS Y (K
JF A5, 20065 WIERLT 45, 2005). AR AR N R
WEEGY, BARE. BV BB AT
Fiii (Zhang etal.,, 2019) . H T ZLA AR Hi b 34
B AR AE S R RRRE, RS RN E S
JB BN 5 IR (Zhou et al., 2010; Ram et al., 2018) .
AR, WP Tk R8T — R AR

ks HE: 2020-07-11; 1EEIHHEA: 2020-10-14

GUln) R, 2DRAR M A 28 R GE R A2 21z QT
(Ding et al., 2011; Hu et al., 2018) . JEiF i+
LB TR REZ IR ER A . AL, +
e Sl . O RHRERR A SN 260 30 45 £ Fh R 2
M (Marchand et al., 2011; A& f& 2 , 2018; EL
Turk et al., 2018) . AHXCHIFRFRM], LLRHED X 145
HESREAEEEN, BSHT HENESER
HOBEAA —E M (PR 4, 2019a). fE—
SERRRE b, RS AT LAE i Y AL 2 DL A A

HEWH: ARG op—mIH (231419018) 5 QFrHRAe TR H (230420021); BEFERAS TR AR LRE (GHT) %)
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FXF 4 4w Vs e il . BB DL, mTLL
EEFAAE, bR o b R 4 vk B 1 7 i
AR (Baith 55, 1998; BREEER 55, 2000), AN[H
1) T AR 40 B8 £ AR AR 0 1) S [RD S50 %o 4 i 1)
RRETTA AN, WARHERE (2014) BHSEARILIR
FEIAS [R) A0 2 4 i P o0 A AR AR > 2> 2%
HYIRARRESBICR RN FEMA, EEJET
KRBT AT IR . 255507 0T LAk 6 ] 145
Y. ZERHEDI N iR T A A R R I T
B, NP A JE B A AR AW o SRRV Y
M LAA LR E B, W TR, Bch
DRI —5r, SH5ELSBEITRERNIBUWERN K
A, 2009). KL, EEEELIMEY MY
TR LA —Fp A 2 sh St /2, WF o HAe i
Z (AT RS & SR LA A S P 2, X T 2 it
MR A 5 Y A R R

VLI ARIE R A SR O XA T ) Kl e
B (20°14" —21°35'N, 109°40’ —110°35'E) ,
TR . N RIRAERTIIE () K&
BREE . Mk AR, EHi4 X, mAL N 20278.8
hm® (/N 55, 2018). BEEMNZ. LT, AL
Tt AHRIE POV, TR AR A R R
Mo Liudg (2015) XF 752 50T Y & 4 R iF o
KB 4 B S Y IR T TR AK . kT AR TR TE K
AV I E TG Y5 . B RABEAE (2019b) XIS
LI ARIR L ITURR ) T 42 B B 25 AW DA R AE 25 KU T
RO ERE S I = A B 0 NP s Y )
thEE RS g. RS (20175 2019) XFEELl
XRS5 2O R 2 A T A S KB DA, 7540
AR AR SRS R AR 2 P AR K, e He fited
PIFR R R I & Jm g e A A KB R . B, &
XPIZ X A 9 S AR v e I A R AL o A - 4
4 R I5 Y PR IEAS D7 T, AT X 2R R A AR N
Ry i 0L DS K= 9D N EAR Sl o N wk S AR S L /LN
HERZ B EXRFENMR AL, KT
Bt BERERETTTTES L DX R 2T AT e 4 1
BERy e T IUEARCONEL7/bPOE ST FUp O wtz IIEAR R L7
AN )R A HE 4 S BRI A, PSS R EA L
pH FRLFE e 255, 32 FHAHSCME AT . AR SRS
6 B S X 1 498 4 R B R IR AN IR A TG
Iriz A& 5 RBURNL 2 2 B0 2T A 4 W s R
SIBMIRE ST HEATIVAL o AR ST 2T AR MO b iy £t
1 S PR AR 2 A

L bhR S
1.1 MR

BT L DAL T3 N B 2 AU, i X 2T
ARTEFRZY S 50.7 hm?, - 2B 54 76 72 11 DXOULTE KRR
VISR By (RR4ERE 55, 2003) . 85 1L DOV AR
CLRPME M A TV LS I PE bR, BT XLy,
4K 1.8km (21°12717.29"—21°12"55.40" N, 110°
24753.34"—110°25"06.87" E), 2 X3l W 445 b
X, A, S 24°C, WEEAMMAER,
T EAT IEALE H RS IE AR H 2, i DA
(R V=R 1= SO S i 7 o B o o s [ A3 B 1 e s
L, HIEWImE A TR s (2550 55, 2009) .
XA LR 2 N AR, 53 A A i AR
(Aegiceras corniculatum) . T 3 (Sonneratia
apetala) . i (Kandelia candel) . AKH§ (Bru-
guiear gymnorrhiza) FHEYE (Avicennia marina),
Hodr DU AERS ALY . BIF5 IX 4R T 43
A A i RAR TR DRI S, S AT A B 3R AR T
B IR HEOR B 30T e R B AT T K R K
TEVA £ IR0 A R A v S R 1B, A Ve
MEHAEAR
1.2 R EMNIK

201945 7 H AT UL K SRR ZLAR AR - AN 21
BIRERRAE i, T LR AR A DXy B 1) B A 5 8
KRGO (B11) . SREERT, Soks 18R 224 Yis 2l
T, 7E100 cmx100 e FEIEEE N, 12 It ER
FRI, RS ARERL, [HEAS 6 cm 9 PVCAE I
AL, REO~10emIRZE T, WEHSE
AT HRE Dh B BRI, B TIERERA 1
kg, F8MFESL . RAEMGRNN LHEA SR, BRSSuk
B SRRk, EEORIAR T s HAR AR
BEUFRL B, LIRVTIR . IR e my
PR, FER AR I Al 1% [R] Bt S R A 1 3 45 )
R ELTAEIIRE S, SSUhA AR, S8uh K
TOMeG 5, HAUG AL LRI AR, 30 R4
T LA . B IR RESL, FR24 i REA
TE S50 28 PO S rh SR M SR A | KL A 2 Bk
s ZIRHEAES AR A i) AR 2K s,
KRR HEHL (7N, JIDI-LG12) 35 %
TIEAERE S TR O TR . RHER TR IR
514557 Ja TSGR IR 6, o 160 HIE Je i ; 2044
FEYIRE S ] AR AL (T3S, GM200) #3
PRI b i o AL FRLF A RE SR B A R A . R
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Fig.1 Geographical location and sampling stations of the study area

BUKZ50.12 g CRERIE]0.000 1 g) 1 0 5 A 45 0
YR, TR Tk SRR ROE I
Y TR EIR . o F AL SO A%, AR
A E B IR (LELHMR, Agilent
7500Cx) il 2 HE 4 J@ 4 (Cu) . B¢ (Zn) . B
(Cd). # (Pb), % (Cr). 8 (Ni) Fff (As)
R, R PR UEAE S I 1 U RS 2 8, X
BT = PATIE R A S R AR i
Yy Bk A T B o R O I TR AR )
i (GBWO07314), HbrE 4 & 1 7R FE 91%~
110%. - 5EA BT A0 R H E 55 R e /M it

2 CRIEFF, 2000) . 3 pH A9I00 5 M8 B S AR 1E
(3 pH AR A7) (HI962-2018), 7Kt
BIk2.5 1, BAFERTEMRES, @HpHIT (£E
FEBR K, A221-Orion Star A) & . K3 B
Qi PETH ALY (GB/T 12763.8-2007) , BHFE i &
T 25 mL BRI A D 4l 7K AT 0.5 mol/L 7S fin i
FREN S mLIZi 24 h, AR 4ER% 8 h 4% I 4) 11K,
K O R BE 43 ML (95 5 /R 3C, Mastersize
2000) AT
1.3 EMAE
131 #HAASN®ISHE  Hakanson E1EA TS
WS HRBGE A % e AR T . 72 P AT
FEAL HLERIPE M X 0} 8 42 8 Vo Y O AU, LA I
4 JE X R EH M 2 5 55 (Hakanson,
1980), s W — 5 22 PR 458 1 4 50 15 Y I Y RS
I WEAE AR S AU R BRI, T A S BRAT A
MARRGRRUERERIE (250058 45, 2008), H
T N 5 1 S TR M A e R R LT L, R
FATZRA8 - SR BT (B (W fite 2138 o 4 8 o o )
BAE NS S (B %, 1996; BRI &,
2018) . WFEAES KA EEIT R AN

C; = CJ/C, (1)

m=§m=§ﬂxq:§ﬂxam (2)

K. CHFE—ELEBENEREEREG OO
VP E L E SR G C O R S
H; RINyE3Erh ZHFE 4w 7 A S XS FE 4L
E N EEBBIELESKE S8, 7o HEE
GBI R N R, B4 JE Cr. Ni, Zn, Cu,
Cd. AsFIPbEEMEdE 352, 5. 1. 5. 30,
10155 4 e A SIS AR ECR e Rk 1
fiin GlRSR 5§, 2020),
132 “aMilmeEs BEFRE (BCF) EE
IRHEYIRTE A R E LR T . FE R (TF) %
IEAE A7 Fh AR S [ M 505 328 iy S PP 42 B T K AR
(Marchand et al., 2016) , Hit& /A H .

AW E LR (BCF) =HYANESEITR
Jo iR o R A R 4 JE R R

s 280 (TF) =M%y b 384) 8 4 8 i)
AR 4 i o v 0 B

2 R 51E

21 AR TEEEERENHUSMTERIBLMER
TV T A R ZT AR AR 3 2 3 rh 7 R R
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Table 1 Potential ecological risk indicators and classification analysis of heavy metals
= Yh A BTG e - A5 " o RS
YR EEREC — WTE LSRG S E, TRE A SRS HE BRI
R ERLC, VR SIS SHE, e 25 U R LA S KU F 4L U FRRE
C<1 B E' <40 i RI< 150 Bl
1<C<3 rhag 40< E'. <80 Hhag 150 <RI <300 hag
3<C<6 it 80 < E', < 160 iR 300 < RI <600 58,
Cz6 AR 160 < E', <320 AR5 600 <RI <1200 AR5
E.>320 & RI > 1200 e

& )i o 3 B0 A MLEE N Zn (57.48 mg/kg) >Cr
(29.31 mg/kg) >Pb (19.23 mg/kg) >Cu (16.62 mg/
kg) >Ni (8.18 mgkg) >As (6.00 mgkg) >Cd
(0.20 mg/kg) (F2), TREERE S RECH 27%~
53%, Hrp CuflCriyZe s REURK, Bl 2Fhoc
R R IEAS R0 (37 2 (8] 25 S e . AR Xk
LT AR 38 A LT 75 R 0.64%~3.05%, “F-
R 1.70%. 5k 7 A 2 DR > K B> R,
PG IATETTRRY) = o2k (hae N RILAIE
K B B &, 2007) RHRFEIXIEERZE +
HEFEAT R MAT 4L, B S5 U TSR b B Ry

W, HARWA R R D, IR R R,
5RREMEE (2019) MRS REN—2. +HEpH
Tk 3.60~6.81, H{H K 4.49, FFFEIXIR 7R 4
JE Y B R Y (A B bR -
FH M A XS A bR E) (GB15618-2018) +- 3
4 @ KU i 6 (8 (pH<5.5) . Cu. Zn. CdHlAs
XA ) AR R RE, )
KA TS SE 2.08, 2.74, 6.75, 1.114%, Mt
AL Cu, Zn, CdHI As JURFEHYT LA AR 3 v H
AR (PR 55, 2019a), HALICAR R
RO B K

x2 AMMKRELREESERENH. AIRSE. HEKpH

Table 2 Mass fraction of heavy metals, organic matter, grain size and pH in mangrove surface soil

W T 4 Jm i 050 (mg ke!) : R /% *?ﬁ/% oH

Cu Zn cd Pb Cr Ni As FHt B ik
S1 3501 7876 024 2146 2047 6.26 4.05 0.64 24 107 869 567
S2 9.06 50.65  0.11  26.60  19.03 591 5.55 1.59 6.0 201 739 681
S3 1491 5357 015 1615 2455 1095 6.42 1.52 6.3 16.1 777 377
bit} S4 1453 5762 016 1673  30.16 7.82 5.40 1.64 7.1 243 686  3.60
iz S5 2150  72.08 024 3044 6624  17.04  11.02 3.05 16.7 446 388  3.93
S6 6.39 2772 0.07 9.51 18.40 2.74 5.65 0.93 6.4 19.0 745 419
S7 16.07  67.02 028 2199  29.88 778 5.11 234 6.6 244 69.0 3.94
S8 1546 5239 037 1659  25.74 6.91 4.81 1.91 7.7 23.6 686  4.03
SEHE 16.62 5748 020 1993 2931 8.18 6.00 1.70 7.4 228 697 449
A5 R % 53 27 49 33 53 52 36 45 55 44 20 25
HEfE 8.00 21.00  0.03 2340 36.14 1098 5.40 — — — — —
AU i 1 2 50 200 0.3 70 150 60 40 — — — — —

T 1) EEERIS) T RE DRSS E T G L T R P 4 2) KR 2 MR (PRI Bt ARl — e T b b S KU B 4

FRUE) (GB15618-2018) pH<5.5 Hifth 1 438 T 4 Ja XU i 1B 1

BB SRS 20154F 55525 (2016) TEIZIX
W E A R WA A R AT (B12), ASHER I
2015—2019 4FFEVT IR B £ AR R J2 L 38 Cu,
Zn Fl As Jit R B BEARE e, R LA 3 5 ok
15%. 13% F114%, 1 Cr #1 Cd W 5 FhEn#a s, I
TFHC A1 43590 47% F132%, Pb FIINi 4 J5 2 43 502
18/, Pof&AE 3%, NiFlE 6%, Cu. ZnHilAsf
FEAR AT R S LU A A LA K B o I 4 )
TSP EALER A G (B hnge 48, 2019a); Cr. Cd

AN FEE, W] R 5 5 - 58 ) Cr AT NG
AP BRE FRAARR E, CdSRIES Tl A== skl
AT G ORI 48, 2006).
22 AWM TIEELEEBEESKEITRY

K 3-arfLUE, RZHIED CAmEERE
B, RN 3.67~12.33, WM K 6.75, 5 YFLE
MAREE . Cu. ZnFl As B & 4 R B Bl 0.75~
438, BMEAT N 2.08, 274 F 111, T5YFEE N
Hi4E; Cr. PbMINI MY & £ REGEF 7 0.41~1.83,
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70 L -2015¢ -2019¢ TR A A XU 2R 4K (E') ¥1<40, TREAE A= 25 XU i
I BRI G5 T T4 T 2 B R
-7 2 S KSR RT (13-b), Z55%, S2. S6uk
2 s0p o {32 RIAM 10 00 FT 137, Rt 224 25 MU B i
5wl ﬁ 0.10 s S1. S3. S4F1S5 s RIVE FITE 183~295,
5 B g0s AR A S RS R R 4 ST, S8 RIZM5I K
= @ 3121399, SHFEAARIEE ik, Bk L,
£ of VTG BT MM 4 00 T 4 8 P 7E A 25 R B4 BRI
ol B A 236, WAE/E A R R R T
0 23 UfHTEESEHMEEREEM

Cr Cu
HEJBuE

e 2015 R8RS L A SCik5EA2 45 (2016),

P2 ZEAARR)Z LA R i i) 4 s i 8 Ak
Fig.2 Changes of heavy metals in mangrove

surface soil at different time

EIE 50 0.85, 0.81 F10.74, 75 YL FERE N2 .
P&l 3-b {7 (4 e MR i 2 ) it 555 4 TS [ B 4 S o
RGNS A, £)2 1 85rh CcdrywEAs
SRR () &, R 70~370, HEHA

AR FELT AR T 4R S R A B2 (]
A EICR, XFLLRAR I 48 i 8 S5 A L
s, pH. KiEEPEAT Pearson fHIEM T (F3),
MR R R A i o7 1 458 o 4 Ja A U 285 2R DA e IR 5%
ST ARk, FEARIAI R 32 30 KA A Aa T g
i, FERZLEPESERESREE I,
LI A5 RN e S LA I 1975 LR e, R,
TEFCHE ol AR . K3 WoR: 1) ELJE
Cu5Zn, Ni, Cr; Zn5Ni, Pb; Cr5Ni, As; Ni
5 As A B 0AHCH:, BB SEIT R 1Rk

202, WA SRR AR . HARESRITR

FAOE S AL, SRR T BEAR ] A, i i

- BRphE 5 TR e
E, -
B 5R TRBE "0 4080 160 320
G B ] a) RI o b)
01 3 6 0 150 300 600 1200
CCu ES,“
ig
7 EZ“
C, 4
Cd
c .E Z
#& E, |
Pb ‘R ' %
e R
: 4-H Cr M
&t Er &
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’ Ey
SNi
G ok
As RI
C/
st s2 3 s4 S5 S6 s7 s8 st s2 s3 sS4 S5 6 s7 S8
i AL A

K3 BAERBEERLE (C). WIEESHR R (£) MEERTEARS KRS (RD
Fig.3 Single heavy metal enrichment factor (C',), potential ecological risk factors for individual heavy metals (E') and

composite potential ecological risk indices( RI )
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Table 3  Correlation of heavy metals and organic matter, pH, and grain size in surface soil
Cu Zn cd Pb Cr Ni As AL pH it wer W
Cu 1
Zn 0.899™ 1
Cd 0.670 0.570 1
Pb 0.567 0.766" 0.243 1
Cr 0.830" 0.717 0.338 0.663 1
Ni 0.888™ 0.790" 0.317 0.671 0.897™ 1
As 0.614 0.483 0.016 0.614 09117 0.861" 1
FHLT 0.897" 0.907" 0.623 0.803" 0.877" 0.824" 0.680 1
pH -0.495 -0.197 -0.350 0.390 -0.326 -0.303 -0.150 -0.190 1
it 0.720 0.562 0.291 0.623 0.970™ 0.831" 0.937" 0.800" -0.234 1
ik 0.740 0.658 0.372 0.688 0.966™ 0.772° 0.848" 0.869" -0.207 0.965™ 1
> -0.740 -0.635 -0.351 -0.674 -0.974™ -0.795" -0.880™ -0.855" 0.217 -0.982™ -0.997" 1
TE: "FRARAE0.01 4 (O B RFEAIE; "FORAE0.05 K ORI |3 AHC
() b sl AR AL B s AR O UE W AT RARAE DL 0 5 10 15 20 25
(4RMERR, 2014). 2) KR CAFIAsTCESE, AHLRY ”m]__‘
HERITTRYER R FERIEMC, HPh AR Sasif —
Cu, ZnFlCr 2B EIEMK (p<0.01), AHLEAT
BRI TR RS R S E e
AR S RITUEE R, AP RIDTRRA A T 73kt
SRR GRENR %, 2020), 3) #{KE, pH ’
N e NS N yrivA
SEERMMAPUREOM, A%, ke
H1 T £ ARAE B i P55 W) FIAR PR 3-8 ) Tk W A 136
eI, AR RAVE L P 2 5 pH I y
X S6fir
(Deng et al., 2019) . 4) HRife i, i -FMabs
Ha)E . APBEA IR R, Hh5Ni, AL Ssif
JEEA WEIEME (p<0.05), 5Cr. As AW - ‘
K4 ZIAAR TSP AE AL 25 KU SR 2

FIEMX (p<0.01). BP5EEIEA PN GFAHE
KFE, Ho 5NFAHL N W& R (p<0.05),
5 Crfl As il it 2 AHOC (p<0.01) . 3X 5 FR3E
& (2019) FIZERIHRAE (2014) S5 HRE N —L,
LA R R A, R AR, RMREA
X} T 4 Ja W o A

ARG R Rl —JS b o7 B v e AR S S A A L
F AR ERAE, i SPSS 20.0 XFAFST X %, 8 >k iz
BV AEAE SRS REGHEAT RIS, AR RRAE
SOV AR AR A RS AR I (SO 48, 2012).
K B BT, AR IR e kA 2 32k
PRIRED (Bl 4) . Z553E0, BF5E I n] 434 3
2%, H5—2KLUSI, S2. S3. S4. ST HIS8uifii AL
2, FERECABEATE RS, BT
ARSI RE M R, Hd, ST v 5EiT
3, S3 IS4 A HEUT ST, ST AN S8 Ul (v FEUT I
N PRI TS K 1 B Sk, & A B)

Fig. 4 Clusters of potential ecological risk factors (£')

in mangrove soil

SO 2 LA SS oA, X T Atk
Br, A ITCR TR SIS R BB R, BB TE
KRR N RS, S5 U - 1EAEE + R AD L
Pl e HAYUR &, AR THERSERA; 5
=N seutif, FREGTSYLIRBOIL IO B 4R R
H, BB E SR AR R ol

L BRI R B NI FAR IR PR,
HON O TR T 0 e ORI, AR TR
RGN T N SR v €l = /S 3 S B A 1)
wissh, A a X, sRIsAEYIIRSE A RTES (B
WIgs 55, 2015) . ASCHRE KA T X, A
FEAERAE, R, BT A s A o A
MG KA, e AR EE LR, 55
BOE SR LR AR L h 2, il — O R A
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i B 41 %

A ANE JE Cu, Zn 1Y EEORIE (X0 4%,
2019a) ; 40 R S HERGIE A KA 81 ks 1 T
Mk A 108, W Cd. PoRIZnis e (ki 4,
2009), 17 H 54 8 i o Be I AR U
PIAHOG (JEZERFT 4, 2013). BF5TIXSK 13858 4
%, HIEDA WA S, A0 SE I ALHE
TR AT G0 LA B A e MOt 7 350 2 3 1 o 4 )i
HYe (B, 20165 JF 4%, 2017). MRAEmF
(2019) XFE104F) R X L3 h 4 R () 25
PRI HT DL RPNV EESE (2018) X448 10004+
SEREA AT A BRI o AT A R R, ZDAAR
THEREEE Cr. NiflAs B ES HIESFA -,
Z RN KT ARG S . 25 LA, RS
B 4 2ok A Tl A . AR TEHES .
XA . AAATS YL A8 N R 3l A R % - 3R I
SOELT
24 OWEPHREEENSHIFE

FAWIR, KICRLEFR—H YA R R
FIFEREA IR, SR 2D A oY R — b 2 4 )
i A e 2SS . MRS, Zn, CrflCufE
CLRAR AR PN 5T o 5 50T i 4 . P, Ni R As IR
Z, CATit s8R ft, X5 %% (2018) 45
B —%, Cu. Zn. Pb, Cr. NiflAs7EHIERA
[R) RO ) o3 AR B ARSI >4 s Zn, Pb, CrAfll As
FEARMEAS R AL 1) 43 A A AR > >4 5 Ni il Cu
TEARME AN [FIFR AL 3 A1 AR >A>1 5 Cu. Pb. Cr.
Ni F1 As 7E TCIREI: S [R) BRS04 A1 KA Ry A > P>
K, Zn7E TCIREE: AN [ AL 1 43 A1 KR A > AR >
K5 CATE 3 FNLIAR ALY (0 AS [R50 0 5 e o0 B A1

®4 BEERATREAMENARBURESH
Table 4 Mass fraction of heavy metals in different parts of

mangrove plants mg/kg

UMY AL Cu Zn Cd Pb Cr Ni  As

7.84 2126 0.07 4.10 1593 559 3.01
344 1650 0.04 214 9.09 232 0.82
3.10 13.77 0.03 095 4.62 123 044
1438 51.53 0.14 7.19 29.64 9.14 4.27

A AEA

429 1282 0.04 3.01 9.73 3.06 1.63
253 728 ND 1.09 396 0.83 0.39

14
A 267 447 ND 080 321 1.8 0.17
949 2457 0.04 490 1690 5.07 2.19
9.85 2632 0.03 3.88 850 290 226
Toil 536 30.53 ND 0.80 7.69 1.89 021
R 513 1251 003 063 139 062 020

B R R RHEEE A

2034 6936 0.06 531 17.58 541 2.67

HIc ¥R, FEETTRE., HERFAN
4 8 TR 43 B0 A6 LA N Zn>Cr>Cu>Ni>Pb>As>
Cd, JoHiE 5 4 )8 o i 53 B A A Zn>Cu>
Cr>Ni>Pb>As>Cd. 5 LTk, BR ZnfETCHEG R
WRRRRZ, AR ELSE TR BRI REAR
#Bo ARFRNAZ WK T H G, b
mMEYELEAEESENTREMYE (AR %,
2002) . Cufll ZnfENMPIMARK LTI RE TR,
FERE BRI R 2 A7 T e - B E A B3
AR LA TR B B, R T A AR A K
A EFESR (Macfarlane et al., 2007) . TAH £k
X4k As, Cd 1 Pb o 2 WO E 4R RE 8.5
S YA R T E R A
25 TE-EVERELENEERFEIZR

IR FEIAR N 4w ROk A 3,
ANFEIFPLIAAE ), LA K RIFh ZDAR R AN IR AS )
RHET, MR TAEMEERE (BCF), #£55R,
] AR AR X AN ) B 4 1) & 4R 2 3 Ni>Cr>Cu>Zn>
As>Cd>Pb; AHiEI A Cu>Zn>Ni>Cr>As>Cd=Pb;
e RN Cu=Zn>Ni>Cr>As>Pb>Cd, A3k
F, WLER . AN ORGSR ES RS LRI
o, AV E RS (BCF) <1, MYt K0
T uE Cu Ml Zn & SERE ) B M T HAMAE L TR OT R,
XA R MEAC TR Cd . P Al As O B AR RE 14855 .
AR T ARMEFNTCHEIE S, AT Cr. Nif9 s S e

x5 AMEWMHELERE (BCF) MEIERHE (TF)
Table 5 Bioconcentration factors (BCF) and Translocation factors

(TF) of mangrove plants

WH LR WAL Cu Zn Cd Pb Cr Ni  As

053 035 041 0.19 0.66 0.69 0.55

020 029 020 0.11 0.41 0.44 0.18

022 025 0.13 0.05 021 0.17 0.09
0.95 0.89 0.74 035 1.28 1.30 0.82
0.20 0.18 0.17 0.10 0.15 0.18 0.15
0.12 0.10 — 0.04 0.06 0.05 0.04
0.12 0.06 — 0.03 0.05 0.07 0.02
0.44 034 0.17 0.17 026 030 021
0.64 0.50 0.08 0.23 0.33 0.42 0.47
035 0.58 — 0.05 030 0.27 0.04
033 0.24 0.08 0.04 0.05 0.09 0.04
1.32 1.32 0.16 0.32 0.68 0.78 0.55
i 0.44 0.78 0.57 0.52 0.57 0.42 0.27
k040 0.65 043 023 029 022 0.15
059 057 — 036 041 027 024
¥ 0.62 035 — 027 0.33 039 0.10
o054 1.16 — 021 091 0.65 0.09

A,,»“J/—‘y
L 5 % 052 048 1 0.6 0.15 021 0.09

A AL

B XA | JF R |

A AEA

TE: NDAURAA

I " IR TEE
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JiEsE, XHEZTE (2018) MMFREIEER N —
B, XATEERE S EIE RS A AR (PR
JH %%, 1994a; 1994b; Marchand et al., 2016) . #§
P RAE L TR H 48 Po. Cd BUARTE 131 T it 43
B, E3MAEYIANE S FRE (BCF) AR,
FEAEM IR E 4 . H R R AT 8 32 A HLT A 52,
THEXT P, Cd WM RIS R, R Pb iy
e R, MK T Pb. CAEWAERMIE (e
&, 2011) . 70 4 JE A 3 R LI A YDA R EAS 11
AR RECS ARR R A BT S AU AT A2, R
TR Zn fEnt g R U, HApHE SR 1%
W ARTEARTS, BIURSM>E 0 R . 2O
I3 1A A B DA S HLAT AR R AR Dy BB %) 2 2 ]
SIEHARBARSN, I 5 B T A
MRIARNE SR EE, NI 4 8 AR Y B
% (Macfarlane et al., 2003) ; AR AR MR 58 22 1 T I
BRI UIE RS YT W A, PRI
G JE i EAALTEAMEE ) (Qiuetal, 2011),

HaJRMTRERR T RH%ERBEFR, ©
Y SORAE b1 353 78 43 Jim i 4340 M R AR
AR ECZ L, S W A AR S 1) A7
ERELSEITRNE S . NAWEY) iz REBCE
(WLZR5), BrCAdFIAsHh, 55 30 R R Az b 21 i
B EE I KT MARER 2 i 2R A5 RE T, X 5 ERiZ
AR5 (2018) TEIERE 55 XL MAE 5 B 4518 58—
H. Cu, ZnfENHPIMAERKLTHMEITE, 7
FEARIT R FIAS 2% 2 8B % i R B0 R HE R AR
¥, WA TR B HR AT EE ] (Macfar-
lane et al., 2007) . 4 LI YA [ B0 5 iz 250 >
LB, AT A% 4 I 753X Fiois 4 4 P9 5 75 e 3¢
U, [FREULZ S B LM AN B —E®
fERES (BT 4%, 2018), JOMEA S Zn G 1E
JiARsR, XA S HAERKRE S A, TTRER
(Sonneratia apetala) 2 M\t INHE 5 A 93 A=
B, AR, P TEr, RRTERLA TR Py
AR AR (2t 45, 2018). K, MWK
TR Zn TR BB K . BRICHEI3E Zn -]
Han 78 >1, HRELSENLE 2 <1, Uil
X 3FLCA A ) E A R LR RERT . BT
15 ok AL AEAE I RO A ) T AP R
VA S B ) — IR

3 458

SE A R VT B 1 DXOWLT I JRR 2T A 2 S22

TEERE SR A TSRS, DL LR
MAEY) h 4R 0 s AT R RE I TR, 15
DI E24518 .

1) WSS X LIRRER)Z 1438 7 R EE 4 43 A AR
N Zn>Cr>Pb>Cu>Ni>As>Cd, Cu. Zn., CdF1As7E
g B 2R, Hrh Cd 2RO FK .

2) HEEE T CdMBEA S R,
FEAE SRS R AR, AR TR IR AR U
FERMER T WFSE XS AR L o 4w s AE AR R
IR A5 B Sk v 6

3) Pearson A 3 B R W 42 @ S A LT
LS pH A AHOCHE, U R A PLET . B A
pH &R & 48 R EHEZ R

4) WX LIRMATERR T Zn . Crfl Cu i BTt 53
e, Po. NiflAsIRZ, CdFifirgumdif. B
TCAEIF 5 Zn BAR-IHiG 12 R > 141, FHE R AE e
B AR TC R SR AR ) R R B8 R
B<1, WAERS . AHE S TCHREE: 5200 8 4 8 1 s 4
M aRe IR, I ELETR FEH R
TP

A E LT L 3 4w S B
NG BAELIRHER IR N B A, (HES)E
) At A AT IR AN D e B B 4 S () SRS A T R RIS A
AR . EaEI TR YR EE R
T A S 5. EaRNfEFEES A
VIl SRAGPEIRAR G, RA A YA Al REXT A=
Vg R fEE . Bk, PRI G E Ve AR S XU
AU S SR, S YA
BIATLREVEE . AR AT IXTLIR AR 1 4 )
AT L K5 el R 22 A0 — 2553 #T
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Enrichment and Migration of Heavy Metals in Mangrove Soil-Plant System from
Sea Promenade in Zhanjiang

Li Zhenliang", Xie Qun', Zeng Zhen'", Zhang Jibiao'**, Feng Yuming", Lai Yongping' and Lin Lingling"
(1. a. College of Chemistry and Environmental Science; b. Analytical and Testing Center; c. College of Management, Guangdong Ocean University;
d. College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China;
2. Southern Laboratory of Ocean Science and Engineering, Zhanjiang 524088, China)

Abstract: To explore the distribution, accumulation, and migration characteristics of mangrove soils and
mangrove plants, the mass fraction of heavy metals (Cu, Zn, Pb, Cd, Cr, Ni, and As), the source thereof, and
factors influencing their presence in the surface soil and different parts of mangrove plants (roots, branches, and
leaves) were determined via inductively coupled plasma mass spectrometry (ICP-MS) in the Sea Promenade
mangrove wetland in Xiashan District of Zhanjiang. The potential ecological risk index proposed by Hakanson
was employed to evaluate the soil risk level. The influencing factors and sources of heavy metals were
investigated using correlation and cluster analyses. The enrichment and migration ability of the heavy metals in
soil plants were analyzed using the bioconcentration and translocation factors. The results showed that: 1) The
order of concentrations (in mg-kg")of seven heavy metals in surface soil of the mangrove wetland was Zn
(57.48) > Cr (29.31) > Pb (19.23) > Cu (16.62) > Ni (8.18) > As (6.00) > Cd (0.20). Moreover, the average mass
fraction of the seven elements did not exceed the risk screening values for soil contamination regarding soil
environmental quality, according to the risk control standard for soil contamination of agricultural land
(GB15618-2018) (pH < 5.5). The average values of Cu, Zn, Cd, and As were 2.08, 2.74, 6.75, and 1.11 times
higher than the soil background values in Guangdong Province. Compared with the results of the investigation on
heavy metals in 2015, the present results indicated increases in the concentrations of Cr, Cd, and Ni by 47%,
32%, and 6%, respectively; conversely, the concentrations of Cu, As, Zn, and Pb decreased by 15%, 14%, 13%,
and 3%, respectively. 2) The highest potential ecological risk coefficient (£') values of Cd were in the range of
70-370, with an average value of 202, indicating a strong degree of potential ecological risk. The E', values of the
other elements were less than 40, indicating a slight degree of potential ecological risk. The mean value of the
total potential ecological risk index (R/) of soil heavy metals investigated in the study area was 236, with a
medium potential ecological risk degree. 3) The correlation analysis of heavy metals and soil physical and
chemical properties showed that, except for Cd and As, there was a significant positive correlation between the
heavy metal and organic matter contents, while a correlation between heavy metals and pH was negative but not
statistically significant. Heavy metals were positively correlated with clay and silt but negatively correlated with
sand. Organic matter, pH, and particle size are important factors that affect heavy metal accumulation in soil. 4)
Concentrations of heavy metals in different mangrove plants were different. The order of heavy metal
concentrations in Aegiceras corniculatum and Aegiceras corniculatum was Zn > Cr > Cu > Ni > Pb > As > Cd.
The order of heavy metal concentrations in Sonneratia apetala was Zn > Cu > Cr > Ni > Pb > As > Cd. 5) The
bioconcentration and translocation factors of heavy metals were less than 1 in Aegiceras corniculatum,
Sonneratia apetala, and Bruguiear gymnorrhiza, indicating that the enrichment and translocation capacity of
heavy metals was not high, except for the root-leaf translocation factor of Zn in Sonneratia apetala, which was
greater than 1. Most of the toxic heavy metals were mainly accumulated in the roots, which reduced the risk of
their delivery by the food chain.

Keywords: mangrove; soil; heavy metal; Bio-Concentration Factor (BCF); Translocation Factor (TF)



