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Abstract: Mangrove ecosystems are important for providing habitat, primary productivity, and protection against coastal
erosion. The Futian mangrove wetland (22°32'N, 114°03’E) is located in a Nature Reserve of the Shenzhen Special
Economic Zone, Guangdong Province, China. Acid rain emerged in the late 1970s as an important environmental problem
in China. The average pH of precipitation in Shenzhen City and nearby suburban areas is less than 5.0, and the frequency of
acid rain events has reached 82%. Acid deposition has had a wide range of harmful effects on mangroves. Sediments and
plants in the Futian mangrove ecosystem are moderately contaminated by heavy metals ( primarily Cu and Zn). Acid rain

leads to a reduction in sediment pH and an increase in metal cation leaching intensity, and these effects are closely related
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to sediment properties. Although acid rain could eventually lead to the loss of mangrove forests, the effects of acid rain on
heavy metal and nutrient transport in mangrove sediments are largely unknown. In this study, a field column experiment was
conducted to analyze the effects of simulated acid rain on the spatial distribution of heavy metals (Cu and Zn) and nutrients
(N, P, and organic C) in mangrove sediments at different depths. The pH treatments were as follows: S1 (pH 4.0), S2
(pH 3.0), and S3 (pH 2.0) ; deionized water (pH 6.7) was applied in the control (CK) treatment. Sediment depths were
H1 (0—10 em), H2 (10—20 cm), H3 (20—30 ¢m), H4 (30—40 c¢m), and H5 (40—50 c¢m). Acid rain had no
significant (P > 0.05) effect on overall of Eh, pH, or salinity, but it significantly ( P<0.01) influenced the distribution of
Eh and pH among the sediment depths. Total nitrogen in H2 differed significantly ( P<0.05) among the simulated acid rain
(SAR) treatments. The CK, S1, and S3 treatments significantly (P<0.01) affected the distribution of TN among sediment
depths, and CK (P<0.05) and S1 (P<0.01) significantly affected the distribution of TP. The CK (P<0.05), S1 ( P<
0.01), and S3 (P<0.05) treatments significantly affected TOC content in the sediments, and CK ( P<0.05) and S1 (P<
0.05) significantly affected Cu concentrations. In addition, the CK treatment ( P <0.05) significantly affected the
distribution of Zn. Acid rain significantly ( P<0.05) accelerated the leaching of N and organic C to upper sediment layers,
and nutrient and heavy metal concentrations decreased with depth. The distribution patterns of N, P, and organic C were
significantly (P<0.05) positively related to patterns of Cu and Zn, implying that nutrients can influence the accumulation
or leaching of heavy metals in mangrove sediments. Soil N concentration was the most significant factor affecting the
distribution of the other nutrients and heavy metals, indicating that soil N level may be an effective indicator of the effects of

acid deposition on sediment nutrients and heavy metals.

Key Words: simulated acid rain; mangrove; nutrient; heavy metal ; distribution

RN A4 pH {E/NT 5.6 YTNZK R V5 B BRERAREK . FRE A 20 42 80 4R E 4 i 4k Rk
P b2 2 5 BT = RBR T IX, BRI AR E o ] - TR A 409 ) AR R i X R FR 1 10 PO KR TR X 22 —
2001 42 2011 4E LIk 10 48], TRYITTRE K pH (B IEAEAL T 5.0, KR 4FE A0 BR WA 39 7E 50% LA I,
SRR TRRMA T EMIX Y A LA AR XA T RIS R, f& 7 AR AT 48 R A R XA —
T, 2 R M — 5 T3 T P 0 B AR AR X, BT 2 368 hm® , B MR “ B 57 ) WA A
PRy BRTRN A T RE R B MAE S R E R 2= IH K

A R4 DX LD AR AR KRR BRI T X, AR5 1 b B A3 ¥ 5 BOCS A 20 PR 32 B R TR 1) 5, R e a4 37 %)
NI BB T5 K 5 R T 4 A E O T, H TR AR R A E AR IS RN Cu
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VDG R AT R O A R A R TR R IS B0 4R L B B RN Ik, BT BT AR
IREEAC 1 BRI £ LA BRI U8 Hh i 5 00 3 M 42 43 A AR B ATS L3 /0 UL, AR SCE ok A R0, 7 BP AR 3R 45
ZeM N N TALRUIR T X B HEA TR, B RSB N (1) FERR TN 2544 R IRUe g #2006 E (N, P, A WLk ) X E 4 JE (Cu
H1 Zn) B4 RRAE 5 (2) FELLM MR IR 8 R0 R (N, P A HUR) R 5 4 8 TR R

1 #EFFHEE
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Te TR W9 JE FASKLNK: H SE B 222950 1.5 % Lom, B8 T HUBOIR B | b fb R HL B B2 1 X
SRS M, TS T AR T, XA M ) 7K K IR ) R BEREAT LI AN, R AR T A [ — AR X
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e KPR AR, ELER 2 LRI RO LD AR T RV AT IR . 3 Der it 32 R IR P AL MERAS SR A AN 26 1

http ; //www.ecologica.cn



19 1] XGEEE A5 ARALIRR R X 2L ARS8 & FR TR ) Cu Zn J3 A1 B2 6211

FiR . BEHRAEEHIR /N 10 m x 5 m, BEERAEHLAE S — A AT, 28 3 AN P47, 3 Bk M b ] i R B8 24 2k 100
m, 3 HUREHLAL A DR R MK ( Kandelia candel) F A 3 (Avicennia marina) o EIIWEE N 50a, R
A4y 58 5.34 m,17.51 em,

F1 REHMRERELZERARE

Table 1 The chemical properties background values of top layers sediment in sampling sites

ﬁt?ﬁ#f@ . Eb/mV ol i“J}z A B ISE hsy::
Sampling sites Salinity TOC/ (g/kg) TN/ (g/kg) TP/ (g/kg)
FEH 1 Site 1 -209 7.09 1.56 54.03 1.59 0.94
FEl 2 Site 2 -291 7.04 1.45 58.99 1.89 0.88
FEHl 3 Site 3 -228 6.86 1.12 61.22 2.17 1.14

1.2 REsT

Y ILBCE 3 A pH (HRRFIALEE(pH 4.0,3.0,2.0) , [ R HIZE M 7K (pH6.5) FE XTI (CK) , 3 4 A4~ ik
MR 3 RES (B EEAE 1 RER) , E IR I A L 5k R . He A rg DX A i R T 2
AU 53 A Sl I RS R4 BE IR LE 3:1 BN TR PR RRRS , InZE 1R /K M EC AL pH 4.0,3.0,2.0 MYFR T /KA,
JI'S1 (pH 4.0), S2 (pH 3.0) H1S3 (pH 2.0) FmxR!"™,

B 150 em  EHAR 15em [ PVC ARV, Hp 50em #f AJRTEH, 100 em B 7E IR - AR Y itk
%o PVC TR MUY REAL 10 cm AYEEE L AT 4 4 1 em HARM/NML, ARIEZRYIHLIX 1980 42 2012
AF 30 AR MEIAF- 3 H BT i 156.4 mL, TR H K H (A i+ F 2 ) RS2t bk i i 50 . % 150 mL b2
VR L e RN B T A IR R, R 8 IR M ME LR SRR AL TE T — K B A A R
WWOER FBAEIKT 3 h,— A NERIWHEA PVC & R E K IREE N 45 em a7, BRFR KA IR
T 2012 4F 4 F % 2012 4E 11 J##47.
1.3 HEaCRERL I

ULt P AE R R IR IR J5 , T 2012 4F 11 37RO R AT M S2 38 = E A T E . PVC IR
Je i FRIE B AL ML T/ 10 em, 20 ¢m, 30 cm,40 cm F1 50 em Y HH 25 F 4420 % 5 6y, B HI (0—10 cm), H2
(10—20 em) , H3 (20—30 c¢m), H4 (30—40 cm) , H5 (40—50 cm) . JEVRKE ST [ 5256 28 E4T XU T, 35 100
H i HE A (TN) i (TP) P FLEA HLER (TOC) O By &, JEJRAES: pH (B B IS s AR EA T %2 , Eh
{51 Eh e e, £k A 1:507 ) JEIR Y Cu Zn SR IHMAEIRTE 160°C WAL , IR T2y 6 6 B
THHEATINE . A T AT R, DR 3 25 EVRIBR HEY) BT GBW (0763) (b AL IE 5T T )
1.4 Bl b3 o4

RIEIE R SAS 8.0 & Excel #4748 H401H7

2 HR55%H

2.1 JiEJR Eh pH A E AR 1L

AN R T AL B 254 RCUE Eh pH FIER BE M AR AL AN 35 2 T . ZDREMRIRTE H1 2 HS 2 b= IRIEFrR Eh
pH FIFLEEFE CK (S1,S2 Fil S3 AbFRIR T 22 R W (P>0.05) . RWIFE CK MR FHALH T, I8 Eh pH F1
RIS AT A MR R 22 AR, ARSI TP RIS YE Eh pH FIERE 1975 4k 3 552 3 W T 52 il {8 [ I 32 5|
CERPMRNE b T 47 MR D0 | M AR SORCTE rh A 0 A A s i BRI — N9 B2 4R AR B ORI Y AR AL
HHRZ R R AR R
2.2 JEIRH TOC, TN, TP 1434

AR FRAL B4 F R IR P 370K TN TP FI TOC &2 3 iz, i3 3 M1, 78 H1 )2 CK ALY
TN {H¥ 5 TR WAL E(P>0.05) , TN {H & 5 K/NMEF B CK>S3>S1>S2; 78 H2 J2, CK AR TN & m 38 T
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AR AL FE (P<0.05) , TN {H & & K/MMIEF 5 H1 JZ (IR, B CK>S3>S1>S2 i}tmﬁﬂﬁxﬁﬁg% FEAZENM R
B REMRIEM, kS WHAE L0 20 s R XK AR Z K TN & &2 5% 5% (F=10.95,P<
0.01) , R I XT AR Z R E TN 2040 7= A 38 K00 ; CK ST Al S3 Ab B, 2R TR HI 2 E HS 2, RN
A RZ U B FP R R S R 35 (P<0.01) | TN 25 Fif JES Y8 IR B 38 I 1 A sk /)

F2 AE pH EBEMAELMGTIRESE Eh pH FHEEHNTH
Table 2 The Eh, pH and salinity levels in different depth of mangrove sediment under the SAR treatments

ﬁiﬁimpem% W Depth/cm CK S1(pH4.0) $2(pH3.0) S3(pH2.0)
Eh/mV 0—10 ~269.3328.62 aA ~203.7857.66 aA —224.11241.75 aA -253.80£48.81 aA
10—20 —130.00+£68.09 aA —205.44+34.77 aA -191.33+11.14 aA —180.78+55.38 aA
20—30 -212.11+£44.18 aA -225.56+11.18 aA -168.89+28.86 aA -168.22+24.18 aA
30—40 -153.11+£58.02 aA -196.67+45.39 aA —244.78+25.27 aA -176.89+23.27 aA
40—50 ~184.78+72.63 aA ~199.11£30.74 aA ~306.56+41.85 aA ~219.89213.02 aA
pH 0—10 7.71£0.14 aA 7.70£0.32 aA 7.90£0.48 aA 8.06+0.28 aA
10—20 7.68+0.18 aA 8.11£0.13 aA 7.99+£0.32 aA 7.59+0.04 aA
20—30 7.71£0.22 aA 8.04+0.09 aA 7.89£0.25 aA 8.02+0.21 aA
30—40 7.33+0.63 aA 8.42+0.20 aA 8.05+0.17 aA 8.14+0.26 aA
40—50 8.00+0.40 aA 8.53+£0.26 aA 7.75£0.22 aA 8.24+0.19 aA
R Salinity 0—10 1.34+0.43 aA 0.38+£0.18 aA 1.12+£0.52 aA 1.74£0.53 aA
10—20 0.47+0.20 aA 1.51+£0.54 aA 1.77+£0.69 aA 1.45+£0.56 aA
20—30 1.19£0.71 aA 1.34+0.60 aA 1.22+£0.40 aA 1.17£0.43 aA
30—40 0.62+0.13 aA 1.53+£0.44 aA 1.80+£0.41 aA 0.87+£0.30 aA
40—50 0.91+£0.25 aA 1.75+£0.15 aA 2.32+£1.01 aA 1.25+0.56 aA

TR N BRI BT 5 TR 1 2 8 LU /NG TR abe RRAIR] pH B SAR A BUR [R] i€
ABC R AR IR LA ] pH R AL BEA- FRBR 28 S 1k, P RRAR R 5 R 22 R PEA 35 (P > 0.05) , FREARRIH KR 22 50k 3% (P<0.05)

*3 7AE pH EBRMLEEMGTRESRE TN, TP, TOC 88
Table 3 The concentrations of TN, TP, TOC in different depth of mangrove sediment under the SAR treatments

PR A8 hr 22 bk, RE %

i T}Zﬁj (&/ke) Deﬁfﬁm CK S1(pH4.0) S2(pH3.0) S3(pH2.0)
TN 0—10 1.90£0.11 aA 1.60£0.04 aA 1.3620.33 aA 1.62£0.11 aA
10—20 1.81+0.05 abA 1.43+0.06 abB 1.33+0.13 aB 1.55+0.13 aAB
20—30 1.3120.19 heA 1.30£0.08 beA 1.3620.18 aA 1.27£0.08 abA
30—40 1.06+0.25 cA 1.13+0.13 cA 1.33+0.21 aA 1.15+0.09 beA
40—50 0.82+0.18 cA 0.81+0.07 dA 1.46+0.23 aA 0.88+0.11 cA
B TP 0—10 0.87+0.03 abA 0.85+0.02 aA 0.87+0.07 aA 0.98+0.02 aA
10—20 0.89+0.01 aA 0.84£0.02 aA 1.14+0.31 aA 0.93+0.07 aA
20—30 0.71+0.07 abcA 0.84+0.03 aA 0.80+0.07 aA 0.89+0.10 aA
30—40 0.66+0.10 beA 0.83£0.02 aA 0.85+0.16 aA 0.870.11 aA
40—50 0.60+0.07 cA 0.72+0.01 bA 1.07+0.34 aA 0.76+0.08 aA
A HLER TOC 0—10 62.6424.25 abA 55.39+2.78 aA 44.77£11.23 aA 53.73£4.13 aA
10—20 68.14+8.46 aA 48.35+1.85 abA 45.89+3.31 aA 54.37+7.10 aA
20—30 51.02+7.05 abcA 44.70+3.79 beA 48.25+5.66 aA 44.08+3.58 abA
30—40 40.15+10.29 heA 36.75+2.93 cA 48.86+5.46 aA 39.14+3.94 abA
40—50 28.78+8.18 cA 25.563.31 dA 50.29+8.97 aA 29.58+5.79 bA

JEVET TP & RE7E CK AbFH ,S1.S2 F1 S3 ZbH4&F T 22 5 i’ﬁﬁz(mo 05) , WA pH {E R R A X}
PR S B BE W, CK ARBRHORTEJZ R TP & 2255 135 (P<0.05) 5 S1 B H AR ZE R
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TP &5 8 22 5 .2 (P<0.01) , TP & BEFEIE JE TR BE MR KN

JEVEH TOC SHAE HI & H5 2, K4y CK ALFEAY TOC (H2 8 TRRHIALBE . 78 H1 & H2 )2 TOC Sk
/NP CK>S3>S1>S2( P>0.05) , 7E H3 2 TOC % CK>S2>S1>S3( P>0.05) , i B R W 2 A i ic e I
EA VBRI VER . 13 5 FRIERARIZ R TOC &2 30 5% (F=8.14,P<0.01) , £ AR X A
[f] )2 R 1) TOC 4347 77 A B KR 5 CK R S3 A BAR R TR IRTEARRZ IR B TOC % 125 7 W3 (P<0.05) ,S1 Ak
HPRIEA FZRE TOC & 52257 8.3 (P<0.01) ;7 S1 A1 S3 4B TOC & R HE R A Wi/
2.3 JEEVRH Cu Fl Zn B4R

AR AL 24 FIETEH Cu A1 Zn WS BRI 4 iR, 3 4 /T LUE 2R AREJE HI £ HS
JFELE Cu M Zn FRAE CK S1.,S2 Fl S3 AFRAAF T, 22 F AR 2 (P>0.05) , R WIARIR] pH A 12 AL #
YRUEH Cu M1 Zn (& IR A B, WHRLZITTH 20 R (£ 5) XY, KEARZK Cu
TN (F=6.88,P<0.01) ;78 CK & S1 AbFHH JFRVBHY HI 2 HS )2 Cu 5 BEUREE RGN i 1%
f(P<0.05) ., JEIRH Zn & 8EAE CK APRAMF T 2257 B3 (P<0.05) , N H1 2 H5 )2 Zn % 2 Bl R EE 3G 02
FEAIG 76 ST ARBEA ) HI 2 H4 2R Zn 5 5 B TR BE 3G It A 2 FR ARG 2

®4 FpH ERMAEEZHTRESERE CuflZn 88

Table 4 The concentrations of Cu and Zn in different depth of mangrove sediment under the SAR treatments

iﬁ%y’ﬁ; ét:;g/kg ) Deffcm CK S1(pH4.0) S2(pH3.0) S3(pH2.0)

5l Cu 0—10 15.20£1.78 aA 15.41£1.66 aA 10.96:2.41 aA 13.24+1.30 aA
10—20 11.99+1.03 abA 12.210.91 abA 11.56+1.65 aA 13.462.46 aA
20—30 10.631.60 abcA 11.72+2.38 abA 10.74+1.56 aA 10.201.28 aA
30—40 7.48+1.13 beA 10.36+1.18 abA 10.63+0.06 aA 8.84:1.60 aA
40—50 7.05£1.34 cA 7.26£1.22 bA 9.76+2.55 aA 8.89+1.04 aA

B Zn 0—10 41.54+4.55 aA 43.37+3.28 aA 31.12+5.00 aA 37.02+0.65 aA
10—20 33.16+1.77 abA 36.16£0.36 aA 36.26+3.90 aA 37.42+5.24 aA
20—30 35.30+4.34 abA 36.37+4.86 aA 31.92+3.57 aA 28.87+6.23 aA
30—40 24.95:+2.68 bA 32.84+2.27 aA 33.88+1.62 aA 30.09+6.56 aA
40—50 24.28+3.61 bA 33.79+10.35 aA 32.41+8.68 aA 30.35+4.43 aA

x5 RERPZERNEZE(AF pH EHRWEAFIRER) FESH
Table 5 Double factors of SAR pH and sediment depth analysis of variance of Eh, pH, salinity, TN, TP, TOC, Cu and Zn

VR He kR R pH S VeTRIE BRI pHXIE TR IR
Parameters detected SAR pH Sediment depth SAR pHXSediment depth
in sediments F P F P F P

EALIE I HLAL Eh 0.70 0.56 1.49 0.22 0.85 0.60
2 pH 2.48 0.08 0.74 0.57 0.76 0.68
£8P Salinity 1.83 0.16 0.42 0.80 0.89 0.57
MA TN 0.75 0.53 10.95 <0.01 1.90 0.06
S TP 2.45 0.08 1.29 0.29 0.64 0.80
SA LR TOC 1.65 0.19 8.14 <0.01 1.67 0.11
i Cu 0.39 0.76 6.88 <0.01 0.81 0.63
¥ Zn 0.88 0.46 2.04 0.11 0.61 0.82

2.4 JEPRALFEE BEFRTERYE Cu M Zn BIREMESHT

RV FAFIESE bR (Eh ,pH EE ) 5E FFITR (TN TP [ TOC) ,Cu Fl Zn BAH AL 45 R A0k 6 Fr
7R BRI MR R S Eh S A EKE R (P<0.01) ; TN B4 #8 5 SR e By pH {H B A A X K R (P<
0.05) ,#R1fi TOC B4 At s 5 pH (E H AR 3 IE A C P C R (P<0.01), TP(P<0.05) . TOC(P<0.01) .
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Cu(P<0.01) Zn(P<0.01) B3Ait%Jm5 TN B2 IFAHIC KR ;Cu F Zn B3 A% JR35 TOC &2 IEAH
% (P<0.01) ;Cu 5 Zn BAW B2 FAHEYE(P<0.01) , 2] Cu F Zn 943146 R EAA D RIVERT .

% 6 JKiR Eh,pH,# &, TN, TP, TOC,Cu,Zn FiAMTUERE X RE (n=20)
Table 6 Person product-moment correlation matrix for Eh, pH, salinity, TN, TP, TOC, Cu, Zn in sediment (n=20)

P A bR Y BA R S BB i BE
Parameters detected in sediments pH BLEL salinity N TP T0C Cu Zn

Eh -0.107 -0.673"" -0.218 -0.346 -0.106 -0.251 -0.379
pH 0.399 -0.506* -0.041 0.610**  -0.313 -0.065
ERBE Salinity -0.040 0.485 -0.128 -0.045 0.154
MATN 0.559 0.973** 0.875** 0.680*
S TP 0.480 " 0.495 0.449"
R B TOC 0.802 ** 0.597 **
i cu 0.878**

# 1E 0.05 AT FAHCHERZE ; « « 75 0.01 /KT FAHSCHE: 8 2

LY A 53T ( canonical correlation analysis) T DA FHSRA 5% P2 BEMLAS & ) AH OGS F |, BUR 2R 5748 &
Xof 2Z 1] (R AH DG G 28 oF S W 19 20 418 B 22 1) 1Y B AR AH DG 1 2 0 Ge T o i O . ARl b s O A 2585 72
75— JiK {8 (Sediments ) A1 43 J& ( Heavy metal) , H:H' Sediments {32 JiE e k2= R 48 5 (Eh  pH | salinity ) &
FHIRICEIEAR (TN TP F1 TOC) L5 A I EE R FA5 i Heavy metal S0 Cu Al Zn 254 5 428 H 728 & F
LR MR R T8 i (Sediments ) FIZEG T 42 J& KT 22 i ( Heavy metal ) FAFH &S 28 SO0 W0 20 48 b 22 0] R 24 4
AHOCHE . AW A AR OCME 73 B 45 R 3R W 255 PR 45 TR 128 i ( Sediments ) X 25 45 5 42 J& IH 772 5 ( Heavy
metal ) 500 23 ( F=4.22,P<0.01) , PIPNERA AR PR AEML AR AR S 40T

Sediments = 0.0034Eh—-0.0004pH~-0.2145salinity+2.0137TN+0.0182TP-1.0957TOC (1)
Heavymetal = 1.3944Cu-0.4797Zn (2)

MARK (D) AT E M AE R AL BRAAF T IR R 45 & M BE A 728 B b 25 8 bR 2 2 AL B2 O TN > TOC >
salinity > TP > Eh > pH, Bl TN XJ 255 P45 KT8 1 sediments B2 MR A, A (2) RIHASKE H Cu 22519
ML Zn K, LG A1) M(2) AIFL FERRFNSZ I T, TN & Al A2 50 Cu 40 A Y B EE I, HHR)Z
IR HLBR TS S — 2D (9 UE IR

3 Tt

3.1 BRI AR HZ AR RGBSR IR W

AR SC4E PR TR I AT UM 8 2 R OC R KA DR IR, L4518 5 Makarov Fl Kiseleva ' BB 5T 245
Re—F, AR TN T LU E FRoe Rk, #hoZxKAEES R G A = e = A e, 2Bk
LA TR T TP A& BTN (0.1—16 mg/g) 1™ | A SCIAGAE T ZL R MR P XS U8 CK ARFE A TP (1)
TN 0.60—0.89 mg/g, NIRIRE)Z Z)K)Z, CK ALH T TP &8 23l FRE#aE, M TZRNZHHNENZ
Wi, G R AL T AR TS LR SR 2, B e R AR IR v 0 4 A A 25 SRS UK TR], 4N Prasad 26 A9 i 5
B[S K7 7 Pichavaram ZEMARIEE TR H TP &4 (0.46—0.92 mg/g) /A B E 4 M I

AR CLERFA S1 K S3 A FEXH YR A Z K E TN Fl TOC 55 B 5200 23 (P<0.05) , TN & TOC & &)k
JR VR TR R i g0 S1 AR TP 55 ek Bl IS U TR B8 14 s 2 R AR 35 (P<0.05) o AR SCH X R (CK) |, BP
AW RGN T, R)ZH TN TP & TOC 5 i i, B IS T IR BE i IR, & B S LT R & i th 28
WL, RZIRICHIRZIRIeE L5 52 2P IREEAEIE 0% A5 B2, H b AR AS v it i i
JE REERIZICUE N P I TOC & it ; 7ERR WAL BR A5 A, P T RROV AR EL A et ) SR il et 17 i )8
FIZ MR TENT (RS A0 A 0 R B BT AR S R OR TR VR 3R )2, DI 5 S50RR T Ak B e
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JeRJZH TN TP K TOC & Rt
32 JRIEFICR HLRHE S ESEAHCCR
321 AHRSHEESE

WFFE R I TR T AR R IE LSRR W A e 5 DT A 7 sc e IR Y B FR ot R S 4w SR e
PR EZ R AEAE B DI EE R Y B IR0 R A WUBBR A 22 3 TR MR AN ER T 38 v 4 B
SEEFRTCR I A A LB B 4 ELAT A i (SR R D R LA B K i Y B 42 8 . Marchand 45
NPT AT B2 J@ T ( New Caledonia ) 214 ARRE U8 1 5 42 8 40 A5 55 LA A B0 (0 6 the 2
BH , 7EAE 25 1) B 328 ( Avicennia marina) LA ARHB ISR FICAE 978 2 iR B H , AL & B S B4R & il
1o Wang %52 AR FE M HHE FRAR R G0 R, K RS2 (0 R TR 45 120 T LASE A HLas i 2B, NI ek s A 28 R 4
BRI B T AL B A BB R TCE A IR | kbR Ak 23 5% B 4 i IR | SRR I R B ), 3 e A
LIRS R G M T 2RI . A SCE518 TOC 5 N Cu Fl Zn ¥ RA W EAHIKR KR, SR
NP
322 JRIEHACFHESE SR

SEHT I % 2 W F 4 A B sl B m] ) P 3 bl - R A T B R s ) MR B 4 T I i
W5 - SEARE A 4E pH (H AL i BHES 75t (CEC) AMLIC sUREL (Eh (8) , 26 L YR & & B 1R
¥ Fe Mn EALYIAEA BN R Y | A 225098 K ITE T30 WA 330, X2 T3 MEvh | pHL R0
A 8 AR SO S8 A A SR E R, B pH (R e S Jm B e B sl itk LA &R
Wy B R A e B R S ARG LA R R A R 9 & B pH (85 5 428 (0 8% sl bk R ol R PE 2
(BT REAEAE T AH OGO R . 9N, Sukreeyapongse A NPT HE g K WIBEE pH A REAG , 3820 0 Ko 3350
H4JE Cd Pb 1 Zn ff WA 1SN, BIVEE 4 78 T3 vh A AT I PEREE pH. (ELAY R AT S T8 o335 . i ag 7T
W, e A g b i G RV I TR S AR AT R PR B R 2 S AR (2 0T T Y, TR ANAS SCES R R | TR T 52
Wi, TN g 5 W] 453 JAs A 1) i B 2 R 1, pH B B4 20 A A R RS2 i S s/ - R v o 45 i 0 12
R Bl L K 2B Wy ml 1 F M 52 B RRITRE (7™ 52, X i T S b i I 8 ] DL SRR UCFEA R 1 HY, Ca™
Mg* Fl NH; S 3172384 , I 8- e b 4 a8 s iR ™ . ARZ W9 R WV b i) 8 46 8 7T DLl 35 5%
MR AR S R GRS AR R BN IR T E A8 Cu A1 Zn B i B VR TR B 1 n 52 R R ARk 3
I HE 4 R TR b2 0 70 A e AR DL BE W 52 31 5 B i G T

H1 TR RS pH R BRI A IR T 1) 38 rpiiy R R ARV B S 7 (H) (RRTEBA B 7 (8037, NO;) BA
FOgE PHES - (Ca™, Mg, NH}) , &3S 83k AR 2 A8 4k, 138 h 8 4 s i AP e B 5 7T 28 s |
AUUREE A BRIRER A A8 Bk A A SR UL E T Y i h s A5, A S E A iR e
A, RO IE S MERGR TRy, XTEREE pH (M R/INE AR B U R R R S R A
T 4 B AR AR | S LA 25 ) P A A AR Y ST AR SCI ISR 25 58, AT LAUJS °] DA A T
BY AP ISR 5T IR R G S 08 B 4 AN [ ZF T2 R 2 T A8 480 25 4 A v Jmy s el AR A 000

25 b R U Ak 2= Rtk BRI R K I Cu Zn 140 A AR OCHE 20 BT, 8L B S ML X FE 4 )& Cu
1 Zn (ks DUBLEE REAEH, A58 WoR R LA RBUR R E 4R, v AE N KRR
ASCHIRFFE AR B R R IREE T FELLRARAE S R GE D IR TR h iy TN J2 520 TR0 R M 4 @ R 2 Cu 41
A B B2 R TR Y N R AT AESRIEY Cu 234 1A 28 7= 7

4 £t

ARSCEEITT VLRSS Ry (1) BRI X R Je Ak 24 PEARF8 AR 52 A i 35 (P>0.05) 5 IR P AR 2R TN\ TOC K
Cu & BEZESWEF (P<0.01) , DLEARE I AEAEZ R TN TOC M Cu BT K, e X e I )Z TN
K TOC ks BA W EstER . (2) & W A DB 22 (8] 34 BoA B 38 1 E AR 541 (P<0.05) , I = F i
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i DU EA PEVERT, R B A HLBR S B8 Cu AT Zn BOIMREE DU EAT B35 Y IEA DG SC & (P<O.

05)

(3) IR N ZACE A IR PG Cu 23 A A 8548 7555
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