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Influence of Sonneratia apetala Plantations on the Distribution and
Accumulation of Heavy Metals in Intertidal Sediments
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Abstract: Sediment samples were collected in May and October 2013 from Sonneratia apetala forest, mixed forest, Kandelia
candel forest and mud flat sediments in the eastern shore of Fucheng Town, Leizhou County, Zhanjiang City. To assess the ef-
fects of Sonneratia apetala forest on the distribution and accumulation of heavy metals, the heavy metals in sediments were an-
alyzed. The results show that the vertical spatial distribution of heavy metals in sediments was slightly influenced by the refor-
estation age of Sonneratia apetala, but positively correlated with water—exchange, eluviations and the contents of fine particle
and organic matter. The contents and relative accumulation factors (RAF) of Cr, Pb, Cd, Zn, Cu in sediments varied with the
growth of Sonneratia apetala forest like a wave—shaped, and As increased continuously. The content of Hg decreased with the
growth of Sonneratia apetala forest, and the RAF of Hg in different reforestation age of Sonneratia apetala forests decreased
in the order as 5 a>18 a> 11 a. The average contents of Cr, Pb, Cd, Zn, Cu and Hg in sediment of Sonneratia apetala forest
which reforestation age were five and eighteen was lower than mixed forest and Kandelia candel forest, while As was on the
contrary. The potential ecological risk index of heavy metal in sediment of Sonneratia apetala forests which reforestation ages
were five, eleven and eighteen were at medium level. The changes on heavy metal in sediment of Sonneratia apetala forests
were more obvious than in mixed forest and Kandelia candel forest. And the older the reforestation age was, the potential eco-
logical risk index of heavy metal was slighter.
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Fig.1 Distribution of sampling stations and reforestation
mangrove forests in Fucheng Town, Leizhou City
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Table 2 Background reference values and toxicity
coefficient of heavy metals

e Cr Pb cd Zn Cu As Hg
C./(x10°) 472 265 004 519 105 118  0.035
T, 2 5 30 1 5 10 40
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Table 3 The pollution degree and potential ecological risk
degree of E; and RI
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Table 4 The concentrations, RAF and CoV of heavy metals in sediments of restored Sonneratia apetala plantations

BEEAL JRFAL /(mgc-lg") /(mgpig") /(mgc-(ll<g") /(mgzlg") /(mgC-lll<g”) /(mgA-ig") /(m:-ig")

#* Mgt 41.24 18.60 0.07 40.02 7.37 8.73 0.09
h HyiE L 40.05 18.38 0.06 39.63 6.88 12.00 0.04
Xof HEOGME 1 Ji% Mgt 37.53 18.23 0.07 38.91 6.75 10.03 0.05
¥l / 39.61 18.40 0.07 39.52 7.00 10.25 0.06
RSDI% / 4.78 1.01 8.66 1.42 4.67 16.1 44.1
* [l 31.36 18.06 0.05 33.88 5.71 7.52 0.03
LR b+ 39.24 20.62 0.07 38.15 6.87 9.11 0.03
XJ REOGHE 2 i3 Mgt 43.94 21.16 0.08 45.55 7.72 11.26 0.04
B / 38.18 19.95 0.07 39.19 6.77 9.30 0.03
RSDI% / 16.6 8.30 22.9 15.1 14.9 20.2 17.3
#* gL 43.33 21.87 0.12 42.35 8.39 7.73 0.13
i i 38.85 21.36 0.07 40.42 7.28 6.60 0.08
o i i+ 46.8 22.44 0.08 47.18 8.42 8.04 0.07

5 a CHEIR SR )
¥iE / 42.99 21.89 0.09 43.32 8.03 7.46 0.09
RSDI% / 9.27 2.47 29.4 8.04 8.09 10.2 34.4
RAF / 1.09 1.19 1.35 1.10 1.15 0.73 1.56
* i+ 52.90 23.38 0.12 52.02 10.67 10.06 0.06
h Mgt 50.86 23.29 0.10 48.46 9.47 9.08 0.05
TP —— Ji% Mgt 44.36 21.90 0.09 42.75 8.25 6.78 0.03
¥l / 49.37 22.86 0.10 47.74 9.46 8.64 0.05
RSD/% / 9.03 3.63 14.8 9.79 12.8 19.5 32.7
RAF / 1.25 1.24 1.55 1.21 1.35 0.84 0.78
* T+ 38.54 18.32 0.07 37.83 6.72 9.87 0.04
LR [l 40.36 20.13 0.07 41.39 7.41 13.65 0.03
» Ji% g 42.51 21.65 0.07 41.59 7.49 8.23 0.04

18 a TR &

B / 40.47 20.03 0.07 40.27 721 10.58 0.04
RSD/% / 4.91 8.32 0.00 5.25 5.87 26.3 15.7
RAF / 1.06 1.00 1.05 1.03 1.07 1.14 1.10
2R / 0.09 0.11 0.19 0.08 0.12 0.23 0.34

£S5 AIINMKTIBEEESRENTHIEMRREL(RAF)

Table 5 The average contents and RAF of heavy metals in sediment of restored Sonneratia apetala plantations

REEI ERIIAA I mgc'rkg" ) /(mgig" ) /(mgc-(li(g’I )/ ng-I;(g" ) mgC~lll<g’I ) /(m;j(g") /(m;ig" )

¥ 42.99 21.89 0.09 43.32 8.03 7.46 0.09

5 a AR Std Mgt 3.99 0.54 0.03 3.48 0.65 0.76 0.03
RAF 1.09 1.19 1.35 1.10 115 0.73 1.56

¥IE 67.75 30.79 0.17 67.35 15.19 6.94 0.18

5 alRAEMR Std L 3.16 3.89 0.03 5.15 2.59 1.51 0.03
RAF 1.71 1.67 2.55 1.70 2.17 0.68 3.00

¥l 40.47 20.03 0.07 40.27 721 10.58 0.04

18 a JoHkIfE Std [l 1.99 1.67 0.00 2.12 0.42 2.78 0.01
RAF 1.06 1.00 1.05 1.03 1.07 1.14 1.10

i) 55.19 27.62 0.15 54.73 12.51 8.73 0.15

18 aBkfibk Std it 2.13 4.02 0.03 2.87 2.98 1.88 0.04

RAF 139 1150 2.30 138 1.79 0.85 2.44
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Table 6 Pearson correlationship between heavy metals and main environmental factors in sediment of restored Sonneratia apetala plantations

Cr Pb Cd Zn Cu As Hg
pH 0.300 -0.297 -0.312 0.398 0.339 —0.596 0.547
I -0.030 0.233 0.325 -0.131 —0.145 0.697* -0.628
Eh -0.238 -0.255 -0.229 -0.528 —0.410 0.296 0.063
A 0.083 -0.270 -0.133 0.014 0.198 -0.160 0.819%
S 0.167 —0.472 -0.538 0.090 0.026 0.668* 0.412
TOC 0.340 0.003 0.211 0.762* 0.756* 0.362 —0.042
ki) 0.007 0.144 0.209 0.681% 0.764* 0.181 —0.069
WhERRER 0.481 -0.281 -0.392 0.649 0.554 —0.022 0.249
THLA -0.217 0.529 0.946%* 0.343 0.446 0.156 —0.327
Cr — —0.690% -0.425 0.396 0.208 0.077 0.366
Pb — 0.776% 0.180 0.269 0.211 —0.633
Cd — 0.325 0.435 0.197 —0.485
Zn — 0.956% 0.044 0.075
Cu — 0.020 0.161
As — —0.407
Hg —

1% 4 P<0.05, f 3 HHE ;s #+4 P<0.01, i b 5 415G

24 ANIRWEZHRLETLBGBLELESRE
ZIREMRERZ R Y v 5 4 n S R K A
e B ks g Bl S L 5 4k
Vs AR AE S R G RE, I ROTN 4R
SRS REMEE , v A E LA B R G
HERL2EAR I . SRS Y & N T ICRE fop +
1 H 43 J& Cr.Pb.Zn,Cu Fl As (175 Y4 45 BUs #2 ik

V-, Cd FT Hg J& th 45 L)L FIKF-, 7 Fb e 4w 1 75 YL 84
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Table 7 E:and RI of heavy metals in sediments of sampling stations

LS S| £ RI
Cr Pb Cd Zn Cu As Hg
5 a Ok 1.82 4.13 67.50 0.83 3.82 6.32 106.67 191.10
11 a ORI 2.09 4.31 77.50 0.92 4.51 7.32 53.33 149.99
18 a JoHFE R 1.71 3.78 52.50 0.78 3.43 8.97 41.90 113.08
5 alRA MR 2.68 5.50 122.50 1.22 6.74 6.29 247.62 392.55
18 aBkifibk 2.34 5.21 115.00 1.05 5.96 7.40 167.62 304.57
3 it AR N e Ry R e TR AR o NN SR N

B0 ORI R B AR £

T o R AV v

RBUA 5, 75— 5 TS5 FREIAS SR A N3 sl A 55
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JZ A AR A LA DL N TR AR A KR
82RO T TR A R BRI . 1T He L As B3
B AR AT BB -5 BT A 6 IR R B HETS A O, R
T ORISR T A A B A2 DX s e b )
X BEOEIME 2 -3 7 Fh 4R 1 A AR A R
JEZ s, PIZIR . RZHAL, X AT eSS R 3Rk
RN AP RS FOK AR S A G . X
MO 2 B2 )2 B3 b ab + IR E R 1
(F4), KJZMAPRY) &k D2 e, BIRZ
B P & &R 0.56% , i 3% L H 29 0.40% , H
)2 R 5 TR 4w, 9 H AR K Bk Ak
BB AL RE T, )2 R R 4R B el
BT BRZesc i 2K B T T,
Sl s NG

ZTRA ) 4 T 4 T 1Y BB ) BV 110 185 1 T 1
SR HAE LM A S R G, 4 K o T 4R A
7 2R BT & B EE AR X g /N TR e 4
PEAR ) 0 AR VE DY H I &R & B s A K,
MRS R SR EESAVUR SR RS
i pHIEFE R R A L™, A N T LRI E bk
N IR A TR AR 2 A, pH BRI G, A
BLBT & 5 A1 S & B i i, AL S A B EZ NS
HReEH, REA RS G B G EAE, I S 1E R A A
TR E RS EA R B TSR E LS Y
ST, H S B A s ik — D R LR R AL, 5
HAP -4 )R %5 RRE M T B, 4 8 7630
KEERH TR 3, AR ,5a.11af118 a’t
i MK 4 1€ pH (19~ F-¥9{E 5351 0 6.75.6.49 #16.07,
SRR PR O B ) K B R A 1) AR TR R B AR OG
PEM ML FE W H 4 & Cr.Pb.Cd.Zn . Cu 5 TOC Ky AH
K BB R B (HA5 R IX A BB G- 38 A g
fiK(5 a gk 0.55% .11 a ik 0.73% .18 a 1K 0.60%) ,
PRIt pH IR HILJB AN 2 5 | AN [R) Wk 52 4 B TC e Sk
+ 3 4 )8 Cr.Pb.Cd . Zn I Cu 730 Aii 22 1Y 5 4
o AWK AFBR IO SIS 2R AR IR
MK ST S B PG, 18 a IR MK L3 T 2
S EE LR RS, S*IF- 2 AU 10.45 mg/kg,
f%F 5 a ) 13.68 mg/kg F111 afi¥) 81.36 mg/kg, S 11X
FhAR AL R AT B2 5 | A AS R 52 4 R TC i S bk
HEH 42 )& Cr.Pb.Cd . Zn Fll Cu 434 22 5 1) 2 JHLA
TIEE SR As 19 i 5 IO SR A MRS IE AR OC,
XATRE 5 As TE A G, AW 5E R IR E 2R pk
FEIR As IR E RSP EAN RS M E LR
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PEBTRRE , DR A5 G T Wy diag vt I T e &
TG R F i A T As AR W
)RR A . — e, 20 ARt 1 5 4 R He & it &
AP S HY 5 AR SC EAS [R5 4 FR TS e it
FME I He A S5APL S0 & AAHC (%
6) X T RE S He B SA 5, A BT R IR E £0 A AR
T b i Hg 2LV G #3485, 78 AN A5
DITEOLT KA AEBR S , Hg A5 2 0K, it
b He (19 S WGERAR . i X BESEME 1 0] BB 32 J8 20 36
B W A2, 398 He AR A s T
11 a THFERM Hg 1 R ABUR T 5a 518amy, M
A8 S R BT AR, BEAE N IO R SR A B
A, H T He Cd As & i bR, HAthoo = 1y 748
BN B EEASER I S KR i A fka 3
32 AR ATHL A 2R E RS Fe R ARG m
CTRIAE ) Sy 07 it S R0 ] () MR A 85,
B AR S AR A S AR , AnFRRAR HRAR |
JRRARMR A A 27 52 2% AR 3R BR A O B VK rh ) B
Yy AR DU (58 IR WG, T AR ) (1= 458)
B 4 JE R AR AR, FEAHEFE 18 a Ok
SR BB 5341 76 SRR, TR R A2 41 R B B
BT H B A B S A ASCIR AR, LA TC R 32 1 4704
I = TG, K & DI Re gh + B ok
THEEWAVSTRGICER A T KA i H 5
J&W, AR B AR 1 18 1 B 4 8 % ik (Cr.Pb.Cd . Zn.,
Cu Fl Hg) 2 Fb TG AR SR &7 , 3X AT g SR pk G
TR AR T IR BRI A G . 18 aBkAipRER |
I 3 2 T SRR I LA P 1O -80.33 , I IR T
T AR 39.67, AR 2 B 2 1638 B 1 1Y
HHEIRBE P A, A ALT AN G . BRI 3
T A6 W) A1 A BB - X5 5 8 23 00l O 137.56 mg/kg Fl
12.73 mg/kg, 43 ) & T JCMEEE S AR 10.45 mg/kg il

6.01 mg/kg, Bk A PLBTRE 5 H 4RI ideE A
HUB /B - 4 @ AL A4, PRI 18 a AE Bk im Ak 15
RIS = W% S5y (NS RN

IR LT AR B S EEH AR, 4]
LA RFREREE A A RS A SRR S, A
WFFE 5 a2 TOIEE SO N 25 42 5310 5 SRARAR , RN
LA %5 VIS D) 2 450 45 A TR) 0 A2 4 B A TR A A s
K 32 A i HL A T4 {E S -60.00, 1%
FIRAEM 120.67, BLIL Y 0T34 5 54 13.68 mg/kg
i TR 3.08 mg/kg , A DR 5 B g 0
TRA AR+ 1 43 )8 & & (Cr.Pb.Cd . Zn .Cu Al Hg)
HIH TG SR 5 L 31X AT R S5 IR AR AR R A AL
BB S A AN E SR R, B S0 &
WA K. 5 a.18 a JUHRE AR SRRAR S BE LA [R)
P52 A B ATR A MR AR /&7, BB A 250 e AP
IR FIIE 10 As, I iR LA it Al At ok , 3l
e 5 | A PR FB LY & G0 5 alR A8 a
R 18 As 5 i S 17 45 A Tk 52 4 RIS TG it 5%
AT A
3.3 AT RMEZEARSLIEEL BRI T A

T S 2 A TR AR b, 6ot - R AR R A el
AR EE S A Fh A R (HAR I 5T Hh JC e SRR £
9 T 4 JE AT PRI 1 AR W P & Rl TR AR
ARABK AT AREA 2., FLR R B ], - T 4 e
PV TE A 25 AU 8 EIOE AR . N Is e ini & (3
8) , JLIFIAE S MK 1 4 Cr . Pb . Zn .Cu  As A 75 YL 5 5L
JRRWOKY, SR 0 =00 e B s AR
3D N iR N R )| ok = O | S NS A o
AAE AT X 5 Cd A T5 G 8 808 T 5K R
T R R B AR SR LA ) P BN S
SOV W IR LA AR A LA S P e
H AR M He 1975 4@ h 8 K7, 51— WS 1Y)

®8 feEXARIKKTIREEBITREN(E) FBEESRKEIEE(RI)

Table 8 E:and RI of heavy metals in the mangrove sediments of some typical regions of Southern China

E,

M s RI 27 3k
Cr Pb Cd Zn Cu As Hg

TeeihF Febor 1.87 4.07 65.83 0.84 3.92 7.54 67.30 151.39 ENTE
3 S A 0.53 3.30 97.5 1.02 4.52 6.02 68.57 181.46 [37]
TR RS 0.48 2.77 90.0 0.50 2.24 4.41 34.29 134.68 [37]
TR BT 2 1.86 2.06 22.5 0.59 5.39 9.58 6.00 47.98 [39]
TP AR TS 2.03 3.35 56.79 0.82 9.35 5.08 10.86 88.28 [39]
JPE R 0.61 5.5 143.77 1.44 4.66 4.64 / 160.62 [38]
TGRS 0.56 8.81 51.37 1.25 8.13 8.21 / 78.33 [38]
T~ AR AR H 1.28 25.15 736.65 3.73 33.23 7.39 / 807.43 [38]
I ZRAL 0.84 12.76 87.52 1.54 14.72 16.24 / 133.62 [38]
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4 s

(1) N T TR AR T 4 8 19 T 550 AR 32K
WA S AL/ 0N | F B A 9 kB 2 AR A AL
WRIAAE FHAE 5%, 40 B0RE ) FAE MILJR 5 ws vy, L
4R MR R, AR 00 & N BRI
15, K AS 3 ARV E T el 53 )2 o

(2) B & TG R A R AT , L L EE LSS
Cr.Pb.Cd.Zn Fl Cu 7 it KA X SR FHAR BE 0 A8 f FLEE
SESEREINE L B UIR AR ; As SRS B L
T N SRR LBy, Hg DU AR B R HE 5 I
HHARX EFRFR T 5a>18a> 11 a,

(3)5a.18 a JLHFIfE S AR - EH 42 )& Cr.Pb.Cd.
Zn . Cu 1 Hg B~V 5 5 B T AH R 52 A PR A TR AR
MBI, T4 As W2,

(4) N T TR Sk 4 8 T 4 i i v e A 25 AU
FEBUE PSR % 98T 4 R A5 1 el AR Vs A R
S LR IIRAEMORIBOR AR ., B AF IR,
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