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Abstract ; Heavy metal pollution in Kandelia obovata ecosystem is an important part of coastal wetland research. In order
to explore the health risk and heavy metal pollution of K. obovata wetland of different origins in eastern Fujian, this study

explored the content characteristics of heavy metals in surface sediments of different origins of K. obovata wetlands and
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assessed their health risks in East Fujian by using the pollution load index method and human health risk assessment
method. The results were as follows: (1) The average contents of heavy metals in surface sediments of K. obovata natural
forest wetlands were Zn(102.38 mg - kg )> Pbh(101.53 mg « kg )> Cu(11.72 mg « kg" )> Cd(0.91 mg - kg ). The
order of heavy metal contents in surface sediments of K. obovata plantation was Zn(152.81 mg + kg ) > Ph(105.83 mg -

kg')> Cu(16.38 mg « kg )> Cd(1.33 mg - kg ). (2) The regional pollution load index (1, ., ) of heavy metals in
surface sediments of K. obovata natural forest was lower than that of K. obovata plantation, and the corresponding
pollution levels of K. obovata plantation and natural forest were both one, which belonged to moderate pollution. (3) The
non-carcer risk (RN) of heavy metals in surface sediments of K. obovata wetlands to adult males and adult females was
lower than one, and the RN to human body was very low. The RN of Pb element to children was higher than one, it
would cause RN to children. The carcer risk ( cancer risk, RI) of Cd to adult males, adult females and children was
greater than 1.0x10°, and there was a serious RT to the human body. The results indicate that heavy metal pollution of
wetlands in East Fujian was serious. Therefore, we should control the pollutant emission around the wetland and purify

the wetlands. In addition, adding the health risk assessment of heavy metals to the evaluation of K. obovata wetland

ecosystem will help to strengthen the ecological protection and risk management of K. obovata.

Key words: heavy metal pollution, Kandelia obovata, sediment, health assessment, wetland in East Fujian

ZL PR A 1 A i M -5 T 3 A2 AU R HE R TR
W, ST T Bl 5 7 3 22 TR IR A ok A AR S R
Gt , — Mo A AE Bl 5 IR b X 1) A T H
VL, IR 2 A8 ST R B AR AR Y B (B T AR
85,2020) o AT AR, ZLAN AR SZ I i L | 7 GE LK
A S B RO N TR, S B0 IX AL R
MRS AR G5 I ™ 02 ) AR 25 I B M R ( Defew et
al., 2005) , JCH 2 0 b i 51 A 9 4Rp PE T 2 1 HAR
R 4 JE V5 G W 0 B YR N ( Agoramoorthy et
al., 2008) . HE4 )@ & 4 T L0 MO T A BE B
Yol , B AT A Wy s 0 A7 BRI TR R ) £0 48 Ak 2
BRGNS R B AT I R e H (] R Bk 5F,
2012;Shi et al., 2019) , T4 )@ 2 XA Y REE A
T REHE R P AR s FURE ), 7 A SR A N, O B
Wy B VK S5 A, PR 52 W 218 AR B fiE ( Fernandez-
Cadena et al., 2020) , Shi 4% (2020 ) XF 3% VR ik
T LLAR AR Y i 43 A1 F0 XU #E 47 BIF 58 % B, TR W)
BT R A B 095 A FR 5 Rezaei 55 (2021) X 47+
B2 30 I P TR A AR 2 2 R S T AR W) R
TR R 4 AT AR A R A R XURS: AL & B, BF
% DX 38 11 21 B AKX BF (zine, Zn) F14# ( cuprum
Cu) BA G IE WA & 1 T X 4 %545 (2017)
X 3 T QR 5 1 PR i 22 O £ 2 1Y o 4 S i
PR 008 A A gt e RIS 15 4 BF 9% B, 4 JR TE
AN B AR 26 R By o A A TR 22 S, E O AR
( chromium, Cr) 14} (lead, Pb) #¥5, fF1E Cr p
T 18 (R XU 5 5K 2 Y5 45 (2020 ) 45 X6 ™ 2R 214 bk
DU 35 42 I8 43 A B A2 28 KURS VP & B, 21 %

MUTFY) B 8% (total phosphorus, TP) | & A HLAK
(total organic carbon, TOC) 7% = & , pH {H AKX,
TURRWI A w4 R o s . AR R AL ) B BUR
PEF &R T R o BV & 8 5 AEBUE &8Pk,
09 45 Jm 1 35 [E PR BE B (US EPA) §I A & 5 B 35
PEY BT B AR BUR & B R I 2 A TR
B, B ELA T8 A fd R XU ( Morshdy et al., 2019)
SRIMT, H T A [7] 6 5 21 A% bR A 285 28 46 1 fi e XL
B 1 i LA R . PRt F 90 G J TR 20 B AR
T DR AR 28 R G v ) R R R R R R gt
SR RS LA R

ATIGE LA AR 2 ) AR Oy B 5 DX B, 5 2 A
TR T IR SR Bt ARAE b, LAA: b i >R RO -
FE R, SR FHTS Gl 67 7 i 450 fedt e XU 485 280 45
e AR PUR R (1) [ 2R AS ] A P8 ki AR
R Z VIR A R 15 Qe R, (2) X [ AR O
(7] 2 YK A3t PR 1, o 5 TS i B XS R AT 1Al . LA
S0 6] 2R oKt R ) DR B R XU 4 45 5 o 4 TR
15 YL ISR 1A PR U R AR B |

1 PR KB AR

) AR 2 TR AR AR . N TR A T A T
ASKHE (1200187 E,27°23" N) |, 3% X 35005 8 F #4
MR 2 AU AR 2 18.2 °C AR 2%
K&K 1500 mm, 4 H BRECH 17273 h, BE& LR
N TR AR, £ 827 S Je it 4, T B b 72 R
11.20 m, FEEME K 1.1 mx 1.1 m, FEHHE K



472 OO0 M W

42 %

1.80 m, AR A B — M AE 95% 22 A7 3 R ARMRAEE A T
T AT AR (120°32" E,27°30" N) 3% X IS 4%
B BT Y P R S A AR SR 18.5 °C
PRI K B R 1 511 mm, 45 A BBECH 1 840 h,
A e i £, F B AR R 26.81 m, -3
MEA 1.42 mx1.51 m, FHRE R 1.71 m, HEH JE
—MAE 75% Fe AT (AT AR #5455 ,2013)

2 HFR %

2.1 HRRE

T A s 5 T U B A KO R SR 1 bR
. L 0 A5 Sk L A B AR N T £ AR AR 0 A7 R SR
B2 (B R T ME RO LA AR ) o HE A AS [R] A Y Bk
FETA AR MR G SE PR B0 , 7 T BRI A 7
[ BCE AR 50 m(FW1) AR 15 m(FW2) bRk
(FE) M4h 15 m(FB1) &5k 30 m(FB2) #KFk 60
m(FB3) HkFk 100 m(FB4)7 P REE &S INEXKE
(0~30 cm) UL RE i, DU ) KR i 359 78 LUAE 55
A5 m x5 m BTEENI3 AEE,
22 MBMEEESENNE

BEAF DU R RS R TR B E A,
TAFRIL 0.25 g &F 100 H i B9 FE i, 2 4% HNO,-HF-
HCI0, 1 B LA TIH 2 2R 5 A - W i 43l
JE 143 3 %E Zn  Pb ., Cu,Cd 4 FhE 48 10 & &,
BEOYRE SR YIE 3 WA BOE YA,
2.3 TR AEIREGE

A Tomlinson 55 ¥ 5 1 75 Y& A fof 38 202
(pollution load index ) XF#F 5% X 11 T 43 J& 15 YL /K F-
MIFEATPEMY o %48 B0k PF DX 589 4 15 1 2 b
4 I8 Sy 3 R F B, B UL M Sz 45 A 4 T
X5 G ) DT R R B A RT R m H EE 4 JE AE B ) A
] & i AR Akt B, B B O (T B R A
2005) , HAEMH A BRIT .

R A8 e — 14 S0 4 S e R AT B v TS

AE(F) B
F.=C/sC, (1)

K FNTR i ST RRBC TR |
(IS 2 55 €, I @ B PE M A5 o, AR Sk B
Hakanson ( 1980) $2 i /9 B AL Tk A 1F % LA
4G Jm SR A RS R (Zn=80.00 g . Pb=25.00
g.Cu=30.00 g.Cd=0.50 g) NPFMARIE,

Be— RS Qe A He 8 (1)

I,,=/F XF,XF,---F, (2)

Ao g, NHE — K TS G 0 48 80 n WP
JCRBNEL

e — XI5 Y TR R (1, )

Lo e = Lo XLy XL+, (3)

K1y, HAR XIS e 48 80 n R 2R
R

15 Yt fap 18 B0k — 53 4 A5 2% ( Neyestani
etal., 2016) ,HIKWLFE 1,

F1 SEROATEHSSEEEZEANXR
Table 1

Relationship between pollution load indexes

and pollution levels

15 YLFEJE Pollution level

<1 1~2 2~3 =3
V5 Y EE G 0 1 2 3
Class
IEE.T Tlshge  REESGE amisg MORTS R
Level Non- Middle level  Strong Pole-
pollution pollution pollution strength
pollution

2.4 R X

Vi) 7 Bt o3 A AE T BE S R A X, 2
KEET WM EE Nk —, A b2
XoF AT (it BRE KU VAT o BB MR I b 0 AR 4 1Y
4 2 B A R Al AR AR S e (E
ZELE 2009) , I, ASHIFFE 32 BN 7 IR 22 fioh a4 42 45
TR 4 B X AR I R AR . &R e R 2%
25 1) At R XU 2 5 350 DXL R A S0 XU R
BELJEILEK Cd g TEUSETG R, Zn Ph . Cu & T
EBUE TR, HEA KN (EI A ,2020) .

4 A B0 R AU 1 A 2

RN = ADD/RfD (4)

453 B BoE R TR A

RI = ADD x SF (5)
EF X ED

ADD = € x =X 2P o S x SI x ABS x 10°
AT x BW

(6)

FCH . RN ( non-carcer risk ) F /8 S Ffh 8 4 8 1@

ok B ik 2 85 i A 0 AR 20 KU (TCENAE) s RD
(reference dose) F&7n 7 IR B BRI S % (H , 5L
Hmg - (kg + d)?5C RonTEEE M ST & AL
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A mg - kg ; ADD ( average daily dose) 7~ H -1
TR AN mg - (kg - d) T RI( cancer risk) 3
7N 45 Je o 5 A ik AR R AR 0 B0 RS (T
E{H ) ; SF (slope factor) 37~ B &R K |

il (kg + d) - mg' o AXPSEAYBUES & LI
RK2,4FEERIEICEN RD 2% 7 SRR T
W3 3(U.S.EPA, 1996 Ferreira-Baptista & Miguel ,
2005) ,

x2 ESRERBRARITINMENEZESHIHESEX

Table 2 Values and meanings of important parameters in health risk assessment model of heavy metals

SH AR T AR P JL# Z:7% 3Tk
Parameter Adult male Adult female Children Reference

S 457 5 55 1 1] 365xED (AFEE ) ; 365xED (AEEUR) ; 365xED (AFEUR) ; US EPA, 2002
Average exposure time (AT) (d) 365%70( ) 365x70( B ) 365x70( B

SR E 62.7 54.4 15 SR, 2013
Average body weight (BW) (kg)

RPEER 30 30 6 HIEPRYER 2014
Exposure years (ED) (a)

e RS 350 350 350 PR 2014
Exposure frequency (EF) (D - a™)

W RREN B 0.07 0.07 0.20 IR, 2014
Skin adhesion (SL) (mg + cm™)

B k2 5 T R 1701 1701 899 L% ,2008
Skin exposure area (SA) (em® « d™)

B IR R i B 0.001 0.001 0.001 US EPA, 2002

Skin absorption factor ( ABS)

®3 ESENSEESHEMNERT
Table 3 Reference values and carcinogenic slope

factors of heavy metals

P RiD S
]| Metallic [ mg - [(ke-«d) -
Catego element me Bl °
gory (et (kg )] g
JEBum A Zn 6.00x107 —
Non-carcer risk
Pb 5.25x10* —
Cu 1.20x10? —
Jm A Carcer ris - .
HOE MK Carcer risk Cd 6.10

I — KRR WNSHE,

Note; — indicates that there is no corresponding reference values.

3 ZR540

30 ARFARARBBEMAMKRENRYIELES
=

i) A A [) dS V5 Bkt AR M 3 2 DU ) T 4 TR
PRSI R WK 4, KIRBOH AR % 2 TR
Yyvb e 4 s 5 Il AR Horh Zn B9 20
B} 67.98 ~ 144.21 mg - kg, Pb 1y & 75 B K
50.48~152.95 mg « kg, Cu Y& EIEH A 8.06 ~

21.78 mg - kgl ,Cd &=Vl 0.24~2.64 mg
ke, F¥ & BHEFE N Zn> Pb> Cu> Cd; Cd By 728 5
ZBOH B KT Cu Pb Zn, HEF A Cd(26.37%) >
Cu(15.78%) > Zn(2.40%) > Pb(1.26%) ; k& Cu
Hh RIAPRH A 3 A 4 )8 P & m i R
8B RE %~ Zn (71.43%) . Pb(100%) . Cd
(79.92%) . N T BOmmMIR o R )2 DU Y v & 4
& T i B R [ AR O, Herh Zn Y B B L
114.45 ~ 187.62 mg - kg, Pb A9 & & Y5 Bl K
52.83~123.03 mg - kg, Cu B9 & L HI A 5.82 ~
25.19 mg « kg, Cd A& &=IEHE N 0.30~2.53 mg -
ke , N TR ZDIRYESE & 2H)F H Zn>Pb>
Cu>Cd;Cd MY748 5 R . K F Cu Pb . Zn, HE)JF
9 Cd(27.07%) > Cu(18.74%) > Zn(5.36%) > Pb
(3.94%) ; B Cu Ak, REIRMILAD 3 Fh 4 J@ 734
Fa T R, MRS 5N Zn(100% ) (P
(100%) .Cd(85.71%) .
32 HEARBEMAHKBERTBRYDFIEELEN
EESMIFME

i) 2% A [ A VR Bk 5t PR M T AR ) T TR 4 R
TR ANE 1 B, FERKOI R SR MR b DT
R BRICEK Zn Hb, E4AJEICEK Pb . Cu Cd I
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Table 4  Statistical results of heavy metal contents in surface sediments of Kandelia obovata
of different origins in East Fujian wetlands
FARM Natural forest AT #K Plantation
845 Indicator

Zn Pb Cu Cd Zn Pb Cu Cd
#¢/MH Minimum value(mg « kg™) 67.98 50.48 8.06 0.24 114.45 52.83 5.82 0.30
H KA{H Maximum value(mg - kg") 144.21 152.95 21.78 2.64 187.62 123.03 25.19 2.53
FHIME Average(mg « k') 102.38 101.53 11.72 0.91 152.81 105.83 16.38 1.33
H5t{d Background value(mg + kg™) 80.00 25.00 30.00 0.50 80.00 25.00 30.00 0.50
A5 5 B Coefficient of variable( %) 2.40 1.26 15.78 26.37 5.36 3.94 18.74 27.07
AR Exceeding standard rate( %) 71.43 100.00 79.92 100.00 100.00 0 85.71

HIEMAN 100 m F] 15 m £J2Z DI 53 o 46 2 15
s B, RS 15 m EARG BT M, MR
RN SR Z W T FEEa TERKOI A T AR Hb T AR
A B ITE Zn Pb F 50 A0 AR S AR AN B k2
Jeil A JE A SO, AR TR Cu Cd &5
AR A PR AR 1) K 2k 25 W 1E AR 2 B AR N F
TR

33 AEAREERMHKINIRYES BT RIS

i) % Y2 BKOa 21 W PR Mo DT AR 4 Fh R 4
J& Z [8] B4 Pearson AHICPE AT 45 R IR 5. 76RO
RIRMIR M TR 4 @ v, Zn  Pb Cu Cd PAPH
ZIREIIEAHCK R, Zn 5 Cu,Pb 5 Cd,
Pb 5 Cu Z[B B EMAK, Zn 5 Cd Z 8] # B & A
Ko FEN T RO 2046 MR e T AL 5 42 08, Ph
5 Cu Z AR B AAHX,Zn 5 Ph Cu 5 Cd Z[H
BB EIEMAELR,Zn 5 Cd.Zn 5 Cu LI Pb
5 Cd Z [ 20 B 35 IEA GO &

1) R Y2 Ve A A 1 PR R R B A 4 S VS
FROEGNIE 2 FroR  RIRMRH R AL S FW1  FW2 (FE |
FB1.FB2 . FB3 H I, A 1 ~2 Z[A], 15 Y55 %%y
1,8 THESY  FB4 A 1, (H/NT 1,150 %90 K
0,8 TII54, NTHAHRF S FW1 FW2 FB3 |
FB4 1 1, (HTE 1~2 Z I8 5 Q55900 1, )8 T
V594 FE FB1 FB2 ) 1, {H7E 2~3 Z[8], {5 Y55
2 @ TR TG gy A R R N TR IS QAR T
FKARMR R, DT E— 25 150 B AN [] A 9050 2 A bR
JE Bl A 5 G W HE T A 0 RN b B 2% 4 AR RS (L K TR
HABRKRES,

G AR BT RS R BN (R 6) [ AR
Hi R SR A 2T A% AR 2 )2 DT AR T 4 8 i) X 385 Y

IR (1, ) HE T L0 R AR, (E X R A 5 Y
SRR 1, KR TR TG
34 EEABREMAATBNESEERENK
M

XoF i) A5 K A 210 AP b Y0 B ) o 4 i AR A f
AU PE A, 25 SR e 7, 3 a7 K 3 ko 4% ok
F, RN TAGTRY Y Zn Pb Cu BYAEEL
AR R B R RN i > RN e ey > RN ey » 32X 5 )L
MR AT L PR A AR R A G, o R AR
AR TARILE Ph 9 RN & T 1,5 % W 1
JoR 2 fh 14 40 Y b TR 42 Ph XL 3 A7 A I EUE K
W I B kB ik ik A2 Cd Y Bom RS R B R
RIy >R e >Ry, LR T 1.0x10° 53X 3R
W Cd 33 Bz JoR 422 i 3k 72 6k N MR A7 A 7™ 3 1 B0
UK

4 w55k

4.1 AERBEMAHRE S ETRISE

Jo]) 2 A ] R YRR i 20 R MR b L FR ) B 4 T
B2 B R BN N TS RARAR, IXFp 22 57 5K
[ A VA8 T e ) 30 1% HE 5 7 B A AN — B DA B AN T
A VR B AT MR R B B ) AN R A O, 3 5 ] AR A
(2012) 9 BF 5% 45 S — B, o SO 4 v iRk
(2011) PBF5E & BR, 28 53 22 20T LR I 45 R A 4K
Pzs (8] b i) B BORE B, AR S RE/IN T R AR
KR 7 AT, KA R R TR A
B A, ARG, RARMIB HL T 4 )8 Zn |
Pb W48 5 R EE/N , AR Cu,Cd 728 5 R
K, T TIRARIRHL Zn Pb AR N 5,1 Cu.,
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The distance 0 is the edge of the forest, the direction of light beach is positive, and the direction inside the forest is negative.

BLL AR [ A JRURK Pt TR ) o < s 5 el 12 0 A R I
Fig. 1 Vertical distribution characteristics of heavy metals in sediments of Kandelia obovata

wetlands of different origins in East Fujian

x5 MRYHPEEEZEH Pearson X1
Table 5 Pearson correlation between heavy

metals in sediments

SIRPR .
KA N TR Plantation
v Natural forest
Eiston
Indicator
Zn Ph Cu Cd Zn Ph Cu Cd
Zn 1.000 1.000
Ph 0.143 1.000 0.485" 1.000
Cu 0446 = 0.469 = 1.000 0.184 5+ —0.227 = 1.000
Cd 0.197 #x  0.644 % 0.424 1.000 0.248 #x 0.664 #+  0.324* 1.000

* FORILEAIE(P<0.05) 5 o+ Fonilk i EHHIE(P<0.01)
* indicates significant correlation (P <0.05); ** indicates

extremely significant correlations (P<0.01).

Cd R IRZ N9 U H5m 20, N TR AR bR
F—8, RARME A TR 5 Ja 5 e AR
TRACHERA WA R I, St A — 7 1 m] B 2 A R
Wy o R R 5 A R R B R A, TR K B )

RATRAARAREL L

2.00 |

1.00 |

0.00

K 2

= FARPK Natural forest
o A T.#k Plantation

11 [

FW1 FW2 FE FB1 FB2 FB3 FB4
A% A5 Sampling point

KR E SRR AR R (1) 15

Fig. 2 Heavy metal pollution load index (/,,)

values of sampling points

AR 55 4 Hh s i 0 DXk, I 3 00 TR D8 U0 Y
IR CHRME ,2014) ; 55— J5 THI AT RE S BK M AR P — 2
L) IR AT 7 < J eI BB A A R W 1 R -
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Table 6 Heavy metal pollution load index of Kandelia obovata sediments from different origins
B3| 5 Y G i 4R 4L 15 Y52 TG YR
Type Pollution load index (1, ,.) Pollution class Pollution level
FARMK Natural forest 1.29 1 H1 5 Yt Middle level pollution
AT Plantation 1.73 1 TR 5 44 Middle level pollution
®7 ARABEMMMRTAVESERERNGIEMNLER
Table 7 Health risk assessment of heavy metals in Kandelia obovata sediments from different origins
KARMK Natural forest AT ¥k Plantation
&JEITER
Metallic element U B PE BUFE L PE JLE AR 5B 1k A A JLE
Adult male Adult female Children Adult male Adult female Children
Bz R g A RN Zn 3.11x107 3.58x10° 1.96x107 4.64x10° 5.35x107 2.93x107
f ski ;
Route of skin contact Pb 3.52x10" 4.06x10" 2.22 3.67x10" 4.23x10" 2.32
Cu 1.78x107 2.05x107 1.12x107 2.49x107 2.86x107 1.57x107
RI Cd 4.33x10° 4.99x10° 5.47x10° 6.33x10° 7.29%x10° 7.99x10°

. M RN > 1B AEBUR S 77 RV < LB, KU/l il 28 A3 24 RT > 1.0x 10 B, 77 76 ™ F 308 KU ; RT < 1.0x 10° A, JAL

A /N T 22

Note: When RN > 1, the non-carcinogenic risk is small or negligible; When RN < 1, the risk is small or negligible; When Rl > 1.0x

10, there is a serious risk of cancer; When RI < 1.0x10°, the risk is small or negligible.

ShF T = AR T 22 i 41 0B 4 I B S AR
Hp | (ERRAES,1994) PG, Bl Ak £ 4 B
AEEEXL,

AF S 43 M7 AT i) 42 3 00 342 b T AR ) TR 4 1Y
R, TOE 2 0] AH P I 35 sl i B 3, = W
TEIZ X e 2 ) A [FIR o & 22 475 % (Guo
et al., 2012) ,ARWFFE &I, KIRMH A Zn 5 Cu,
Pb 5 Cd.Pb 5 Cu.Zn 5 Cd Z [0 HA [FJEH D2
BEBYH,ANTHTE Zn 5 Pb . Cu 5 Cd.Zn 5
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TGP IR BORE , N M5 G H R AR AO™ 5 (H
¥y o v B Vs G, L PR — T AT BB R AN [ AR R K
HMRE b+ HE 25 4 1 2% Sk (5K e A, 2020) , DA &
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(2021) WP TR 45 R —2, X AT B FLE R /N L &
G RE 1 5 A2 Be AR A ¢, BBtk I ok e L
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