5540 B4 23 1) *E &~ 2 Eild Vol.40,No.23
2020 4F 12 A ACTA ECOLOGICA SINICA Dec.,2020

DOI: 10.5846/stxb202002240322
A T R T R TG Y R 2T bR SR DU & SRR AR A5 241, 2020,40(23 ) :8549- 8558,

Niu A Y, Gao Y F, Xu S J.Effects of heavy metal pollution on the carbon content of surface sediments of mangroves in the Pearl River Estuary.Acta
Ecologica Sinica,2020,40(23) :8549-8558.

EERASRANKIOOCHMKRENRIRE SR

> 2l 2 2 - =1,
Fzak! o—% M ED”
1 1Epg I KA AL A28, 70 510631
2 PRI R EWFSERE, T 510631

ERHDURY R A MAE R RS D EZE R AR5, A HLER A 5 0 28 X SRR A S R G R R B e A B EE S,
A XL AR M 4 R R B 9T 2 4 T TS YL vE M, B W e AR o B TR A A LB (TOC) & M A SY . F
2018—2019 AF 18] 4 YR RTAEERIT I MR I REARIE D, SRAE T 0—30 em )2 HHETURRY AOFE Sy, IF0 & HE 48 &8 A ToC &
i, DT E SR & A bxt TOC Msgm . 45REN, 51 RMX AT SEM L, IR XY E £ 8 & ey E, &
SR A UE N NI B UL 4 B S i AE A% .35 52 TOC &8 (P<0.01,R*=0.39) | [al4ExF 21 M s B e 1 =
SEERAR IR P2 —RE R Cd  As  Zn A7 5055 TR R B AT AT TOC AR ZR, Cu Cr Ni Hg & S AR S TTAIBRES U A A1) F TOC
AR, VIB R E S EXT TOC Mg i HLHRIE R 2 240, BT LUE S5 S eah i) 3245y e id .
AP IEVE 00 A K LU R IE AR S — R 5 R SO TOC R ik BE 1 A9 AR 1k
KR A B VL DU s 20K BRI

Effects of heavy metal pollution on the carbon content of surface sediments of

mangroves in the Pearl River Estuary
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2 Institute of Environmental, International Envirotech Limited, Guangzhou 510631, China

Abstract. Compared to most terrestrial forest ecosystems, mangrove forests have the higher carbon reserves as well as higher
carbon emissions potential when they exposed to pollution. Mangroves have suffered heavy metal pollution to varying degrees
in many regions and countries so far. Wetland sediments are an important part of mangrove ecosystems. The changes of total
organic carbon in wetland sediments have a significant impact on the carbon sequestration capacity of mangrove ecosystem.
Few studies have focused on the effects of heavy metals on the total organic carbon content (TOC) of sediments in mangrove
wetlands compared to the assessment of heavy metal pollution in mangrove wetlands. The samples in this study were
collected by 4 times from 0—30 c¢m of surface soil sediment in a typical mangrove wetland in the Pearl River Estuary during
2018—2019. The heavy metal content and TOC content in the samples were measured to explore the effect of the change in
heavy metal content on TOC. The results showed that the study area has suffered heavy metal pollution, and the average
value of heavy metals far exceeded the background value of soil elements in Guangdong Province. Through the principal
component analysis (PCA) and related analysis, heavy metal pollution was confirmed to be mainly derived from human
activities such as industrial production, mineral development, pesticide use, automobile exhaust emissions and aquaculture.

The content of heavy metals in the mangrove wetlands would affect the carbon sequestration capacity of the mangrove
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wetlands and global warming because it could significantly affect the TOC content (P<0.01, R*=0.39). The environment
with high Cd, As, and Zn content was favorable for the accumulation of TOC in the sediment, while the environment with
high Cu, Cr, Ni, and Hg content had the opposite performance. The mechanism of the effects of heavy metals in sediments
on TOC was very complex. The heavy metals in the sediment could cause changes in the TOC and carbon sequestration
capacity of the sediment through a series of processes including affecting soil structure, soil chemical composition, soil
microorganisms, growth of upper vegetation communities and litter return. This study analyzed the change of heavy metal
element content in mangrove sediments and explored the relationship between heavy metal content and organic carbon
content in the sediments, which plays an important role in assessing the environmental risks and carbon sequestration
capacity of mangrove ecosystems. It will help to guide the ecological restoration and pollution control of the Guangdong-Hong
Kong-Macao Greater Bay Area, promote the formation of green and low-carbon production and lifestyle and urban

construction and operation models as well.

Key Words: heavy metal ; total organic carbon content; sediment; mangrove; Pearl River Estuary
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o E 2D N AR R S TH AR R R X S, ORAP IX BRI ORI A 10 B 13 8 15 B, EZA IR A
i 3& ( Sonneratia apetala Buch.-Ham.) |} & ( Sonneratia caseolaris( Linn.) Engl.) Bkl ( Kandelia candel ( Linn.)
Druce) #R M ( Heritiera littoralis Dryand.) Hi fEB ( Parmentiera cerifera Seem.) 47 ¥ 1 ( Thespesia populnea
(Linn.) Soland. ex Corr.) . % % (Acanthus ilicifolius Linn. Sp.) %8190

TRINAR F LA ARAL T TRINTE (9 A TR WL &0 & s KT LD AR, B T 113°56" 0"—114°3"12"E,22°30"4"—
22°32'33"N, BAHIFR 367.65 hm® v [ 1T AR A /NS W — o7 T3 T M ) [ 32 0 AR R AP IX 43 <l
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mg/kg,Zn 47.3 mg/kg,Cd 0.056 mg/kg, As 8.9 mg/kg,Hg 0.078 mg/kg,Pb 36 mg/kg, WF XY E SRS
A 2. Cr FE7E 38.60—125.04 mg/kg Z ], FH4{E N 80.66 mg/kg;85.29% HFE SR T H 4875 58, I
KABFRAEECH 2.47 £, Ni S E7E 7.4—34.39 mg/kg Z ], SFEXIE R 22.05 mg/kg;67.65% A ML T 11
TEHE , RSOSSN 2.39 1%, Cu S H7E 8.25—63.62 mg/kg Z 1], F-HI{H M 31.16 mg/kg;85.29% HyFE it
M T S S, O ECR 3.74 %, Zn EEAE 38.55—915.05 mg/kg ZIA],F-HIME K 149.16 mg/kg;
97.05% HIRE s kT T IR FHE, B RBAREEOA 19.35 £%, As & HEAE 10.05—420.17 mg/kg 2 [0], FH{H
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Fig.2 Content of heavy metals in the study area
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B8], SFEYI(E A 1.09 mg/ke; 100% FIFE ST T 3875 S8, e SOBARE 4L 148.21 £%, Pb & 7E 31.97—91.42
mg/kg Z 0] SEPIE N 49.59 mg/ke;82.35% Bk S T LI 5el , | KBAREECH 2.54 5, BB VLS
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Fig.3 Total organic carbon content of sediments at various points in the study area

2.2 ARSI K 32 W43 [ E
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BERMK, 5 Cd Hg BN BEGME, Ni 5 Cu Zn BN B EIEHIE, 5 Heg P M E R B E MG, 5
Cd BB ETAMIE, CuldZn BB IEHE, 5 He Ph BN B E A, Zn 5 Pb TC H4 3% i AH
%, As 5 Cd.Pb B A B #FIEM S, Cd 5 He Ph . TC H A ¥ IEMSE, He 5 Ph Bk 3 IEAH2E, Pb
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Table 1 Correlation analysis results between heavy metals and organic carbon

Cr Ni Cu Zn As Cd Hg Pb TOC
Cr 1
Ni 0.84"" 1
Cu 0.69"" 0.78 " 1
Zn 0.71"* 0.82"" 0.79** 1
As 0.13 0.16 0.20 0.22 1
Cd -0.43" -0.37" -0.34 -0.29 0.59 ** 1
Hg -0.43" -0.49"" -0.45"" -0.25 0.03 0.47"* 1
Pb -0.51"" -0.51"" -0.48"" -0.41" 0.52** 0.90 " 0.39" 1
TC -0.33 -0.32 -0.35 -0.44" 0.09 0.46 " 0.31 0.52"" 1

* % P<0.01, {RAEPICE ZIIEH B EM; * P<0.05, IR H LI B FHIX
2 RN EAE TR IS EIEAT LRI AR BT =AM E R BT E 2355 88.63% , %)
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BERA BAF R R | R e AU BT =R AE(ELEEAT 0. P 4 b ZE RO B 26 7 2 B0 1Y 26 — SRRk
(PC1) , fi# e 7B AR 0 44.7% YRR TR0 B MR (PC2) R 1T B ARAE RN 33.19% ; A KT HY
IR T Y SR = ARE(PC3) |, i RE T B RHIERY 10.8%  Hi KR K RN X & R AR R 5T
BRERI RN, Sk R S HE PP e A 3R SRR R AR SC PR AR/ (TSN e R 0K

x2 EEERENEMSHERRIHE

Table 2 Cumulative value of principal component eigenvalues of heavy metals

iEPS R RE R R = FHIEE F=Y)x a7 EY VTN
Eigenvalues of the correlation matrix Characteristic value Difference Proportion Accumulate contribution
PC1 3.5739 0.9238 0.4467 0.4467
PC2 2.6501 1.7836 0.3313 0.778
PC3 0.8667 0.4695 0.1083 0.8863
PC4 0.3971 0.1466 0.0496 0.936

*3 BRECRTEMBERE
Table 3 Characteristic Vectors of Heavy Metal Elements

HE)E HHE A1 B Feature vector
Heavy metal PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Cr 0.4719 -0.1193 0.0459 0.5083 0.3456 -0.2622 -0.5311 0.1799
Ni 0.4900 -0.1400 0.1397 0.2658 0.0525 -0.1400 0.7505 -0.2542
Cu 0.4890 0.0389 0.0753 0.0246 -0.3723 0.7680 -0.1517 0.0406
Zn 0.3340 0.4338 -0.1271 -0.3982 0.2133 -0.0980 0.2149 0.6514
As 0.2884 0.4870 -0.1051 -0.3189 0.1751 -0.1122 -0.2304 -0.6859
cd -0.0449 0.5502 0.0940 0.3839 -0.6459 -0.3407 -0.0146 0.0747
Hg -0.1725 0.2639 0.8877 0.0168 0.2975 0.1531 0.0052 0.0202
Pb -0.2675 0.4086 -0.3860 0.5122 0.3968 0.4002 0.1794 -0.0259

Cu(0.4890) .Cr(0.4719) \Ni(0.4900) 7£ PC1 b 1y#aiie K, RIN IEARSC AR TR i Cu Cr Ni
SEAVFEEE . Cd(0.5502) (As(0.4870) Zn(0.4338) 1E PC2 FAYE AT, BN IEAR 6, AR T T
i Cd As Zn S EAVEIEEE . Hg(0.8877) 1E PC3 MM K, BN IEAM 56, UK T UL i Hg
R RHEG R . XU E 4 JE BE 1) R I, nH 8 FhEE 4 EBRAE AR 3 AP 2EAY BIE Cu Cr Ni IOTIT
Y & Cd As Zn BIUTEYI RIS He WIS , I AL R 3 ahdt 47 1A 2047

MIEAZSRB S HAG T LR 4, TOC 5EL R & & 2 W EHCR (P<0.01), HAHXHE R (R =
0.39) , HA R AEREE L, H PC1L.PC3 BAKE TR P AW RIH B EMHE(P<0.05), AKX K V=
4.13794-0.47239PC1+0.35799PC2-0.74842PC3 . MFFHIE M) S HT A9 RECAT LA ), 14 TOC 9% &5 Cu Cr,
Ni ® A, 5 Cd As Zn SIEME, 5 Hg S 0K,

x4 ERSRBEMNESRES TOC @EARERSH it
Table 4 Model Parameter Estimation of Heavy Metal and TOC Regression after PCA

A hE A H BRI Pr> Ll
Variable Degree of freedom Parameter estimation
Intercept 1 4.1379 <0.0001
PC 1 1 -0.4724 0.0044
PC 2 1 0.3580 0.0534
PC3 1 -0.7484 0.0226
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R A AL TR R K B E B R B IH R A B3 S G R E 2 Rl RE R 32 B F AR AR F R
IR BRS SR GBI PR K pH RN TS E, 10 [ HE B TE AR 5 OC A U AT BB NS T B B R A
Ko WIFEIXRAZ 3 K H BRI E 37 9 Tl B K A Az 36 15 K B B wivly  ZORARIR A B Aa e 1A 36 1R
155 Ak B, 1 8 R B RE ), IX ARk B TR —i5 Q2R B A B 4 i B A A . 24 TS S HECE
PR, R A <5 S L ] 2L
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Table 5 Content of Heavy metals in sediments from other mangrove distribution areas

TR X 45k Cr/ Ni/ Cw/ In/ As/ cd/ Hg/ Pb/
Study Area (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Sunderban, EJJF[24]

Sunderban, India 41.8 474 60.06 88.3 - 0.48 0.24 52.9

4 VAL 2
IRAELE, BA[25] 42.4 - 98.6 483 1.32 1.32 - 160
Guanabara Bay, Brazil
Kottuli, ENFE[ 26

ottuli, HE[ ] 0.26 0.38 69.3 384 - 0.03 - 6.91
Kottuli, India
i, i [‘27J 40.0 3.00 240 40.0 - 3.00 - 80
Hongkong, China

ichavars i E
Pichavaram, E[ZSJ 530 253 150 108 - 345 - 133
Pichavaram, India

HIPEA 3 | 2

%ﬁihﬁﬂ{j’ mﬁ*mﬁ[ %] 7.6—116 2.4—57.6 3.1—34.1 40—144 0—13.0 0—2.0 - 7.7—84.7
Brisbane River, Australia
A5 This Study 80.66 22.05 31.15 149.16 52.08 1.54 1.09 49.59

AH S BT O 25 S R0 32 WA o A A 45 SR B — 30k, ST X T e H X A A TG sl R AUt AR W &5 B A
KiEsh PR X PR Z 215 JL 694 SUEE . PCL . PC2 Fll PC3 4345/~ T A RIZE B A A ZETE s e 98 IX.
DU 4R SR A5, Cr Ni | Cu AHE 22 (8] (4% 35 1E AR OCHE 3200 40 M R RE B A2 T PCL P AR
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Sy Xt BEANSR A G R B e v 0 TR A0, X T RE S BRIV UM X A Tl IG s A o6, AR R0 TR B Tl
BRI AT T AR A = i B P SR Cr Ni | Cu, 3T 4 J Bl Tl R 7K 28t ER VAU, SR 9% DX 1) 214
AR RAA, BRI 0 X PC2 BTk KA Cd . As Zn 5AR0VIE S B VIA G, K25 Hh iy 7SS s R
A8 BRI A = AR P R S I — S8 4 i i AR, 7 (o 2 K A s % e s i R I A Y e
Hg Xf PC3 MY DTk i K, & R AR ML A Tk Az 7= 1 3l 0 % WL IR, ZE 9708 AR 2 Wik L4 | B JE A5 4Rz
iz
3.2 EEJE SRR S R AL

DU 0 E 4w O FR RS Wl 25 i 1 Y TOC % £ (P<0.01, R* =0.39) , [A] 42 X £1 4% R0 1l 11 i1 s 5
J1, BE BN RERASE PR AR, 45RO, Cd As Zn 5 TOC IEAHSE, 1 Cu Cr Ni Hg &5 TOC & &
TG, EAEXTUURE TOC MSEmabLEIHER 5 24 e 1T LA i 52 w3k B v 1 A 1 S R 95 413
W EHENBA YT S RS — RS R, S8 TOC R BRAE S AR AL

T, B R R A R R LR R A AR R A A K R T OB AR 2D AR Y DU
TOC e HE MR IR , SR UMW) TOC R EERES ) MM A SR TR RE ), (S & TR %1k h
TR MIES . MRS T 48 )5, [n] iz 26 BRI 00 138 45, B LAYR P& 0 08 X HE R, (50 5 i v
=R E S ENAR M RENS 1 L 4R 0 R IR, 7875 Yokt — 2 FREE T, 1B A S &
GiAR BB E Y S A R R AR BRI AR AR K R L Cd L Cu BEA A 24 fil A4
EATA R, I BRI 2 2B R & 8 TR R AR RN Cd v . A RFEIIE
S OIRLIAARAE KA 3 Zn B 20 B0 AR 100 me/kg B, 4078 R B RS B Al SRk F) 400
mg/ kg B, AP 250 AR IR E] 1000 me/ke B, FTA AIA B 45071 Ik, s AR 4R S E LW
MAED 9 A B U BRI , TR] 425 g YR 95 0 1) = AR AR O BE T, e & S8R TOC 75 = IRFAIR

LYK H 4 Al 2o 5 M (0 9 T Sl DR A LR 1 i TR A R RR S IR DT TOC
PR AEIRAS KA ML P — U RSB R A 2 o ARG o) B 4 i 1 o oy AT 1 A8 o 02 4%, 4 Vi 11 22
SR W () R ST X 8 SR s R KR R Y SR TOC /b AL T REAT LA R LA i 2 —, O
SERR Y T 4 S 5 Y v RE A R s M) A LR b e A O AR BRI RE -4 co, 5k CH, I HE
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