EEFES BEHEEERRNESE S HHERRXKEIEN

*EBERFe

B BN R EEE 5 M IER KB TG

BEE B R RKRE R E A &
1. TERFAEBHBEHELAFRFAZTF S, LEAMBS 26400052, PERFRF (XOFRBEFE, HLX R 430074;3. T B
BERFHEFRFHFZEIRLEAFS 266100)

FEE RS B R T S R T 4 B 5 KO T 2021 4F 9 7E B s e SR 2 R R VU Y 21 18 Bk BT
FUY 1 ¢F 6 5 4 JE AT ML AY s 23 40 A R AE AR G DA B T Y R R AT 40 BT L 9 ok T 4 A 25 KU R AT AR
ST E A BRI RIR . A5 R RN, B s 1 R 2 DU T Cu Pb.Zn Cr.Cd. As Fl Hg & & 0¥ {E 500 8
18. 78.34. 86.78.90.61.55,0. 06.9. 27.0. 05 mg « kg ' .7 M EEJE 5 EHGF G E K HEIIRY —KbrifE, &
it C/NAE X ARG h AT BILTTR U5 3047 43 A7 - 285 SR 3¢ B F 50006 3ol B 4 T 0 R o A v 3 AL 9 ke 05 LA I Y5 A5 L
Tk A AH GRS B FR S A B 25 SR SR I L A 5 U S AR 2 DR v 4 JE 9 2 RN A A R A2 b Y B LI R
Tolb B NS5 B RS2 MR LR R AR R OK R A L BBIRBOT N S5 R R A E R M AL, BTSN eE £
Bk Pb il He. W48 AR 28 AU DA 25 5 W 7 - 3 &2 Ja 8 A6 A S KUK Hg ™ Cd™> As™>Pb>Cu>Cr>Zn, i
A A 25 AR 8 B5ORE X v L DX 43 A0 #E 1 e 2 5 R A Vb2 5 B, He 2 2 1 W 78 2B S KUK STk I 7. F5R i
BT G R 0 A W R B A . SR R T D 7 30 Y ) R 8 R R U VR BB AR R IR SR LR 2
WA

KRR < B HS s VU s T 4 5 L SRR B0 AR A KU DA

hE 455 .X55 X ERFRIRED : A X EHE.1005-9164(2023)05-0931-11
DOI:10. 13656/j. enki. gxkx. 20230901. 001

BEFEUURY T o TR MR AR A R AR UORR Y Hh A i T LA E R R 3 9 K
i o Ay RN A = A AR R N E R NS R IEERR S g I LR R R R Il
R A fE L PR MR R T R bR ATRERUN IR VR DU AR N A R S Y
FARR I E AR R E R A LR S BUR S G AR Lt AT B 5T T D T v A AR R A
T E SR ARG A S VORI R Y EE  ERMERE R,

TURLH) PR I RS I I E » e 2 B SR RN DURR v . Y BRI 7 3 v 2 T VG g b DX — R R TR R
W B 1:2022-08-22 1 8 1 :2022-09-23

xR AR 8RR 44 & 4848 0 B H (ZD20220131) A E S 5 & B T E (DD20191024) % B,

(% —ExH N1

Je % (1990 =), F A+, TA2 T, £ % N3 2 4 3050 3 0 & 5 3 40 BT 70, E-mail: pgt5241@163. com,

(35 A& X1

R & AR K F. RO RO R Y E A B oA E RN )T B A ¥ .2023,30(5) :931-941,

PANG G T,YAN K,ZHANG X L,et al. Distribution Characteristics and Risk Assessment of Heavy Metals in Sediments of Fangchenggang Sea
Area [J]. Guangxi Sciences,2023,30(5) :931-941.



I ARE,2023 £,30 %, 5 5 #] Guangxi Sciences,2023,Vol.30 No.5

KR o 2 TR [ Y g X 1) R BT B
39k s Ve S DX S S LB R E - R A RS X
(R L T b bR B 5 R R A T K SR B SE AT
A 3 R L B vV R KR LS e g ) 42
U K R H A L I 22 1 ok 1)V VR BB IR, H 25 82 31 56
TE. BTSSR By s A R 2 DU h 4
J& BT &I, O A R S AR A B K DU
Tt B — S VR A AR S KRS A s T 3 A5 X B K
T ST VS T 1 A A T A JE TS Y I I Y I O
B KT Zn Pb Fl Hg #7795 — & T2 BE 1 15 4 s X1 [
58 A0SR TG Yl i B0 A0 T AR A A XU R R0k X B
39k s P I R A X AR b ) A R HEA T IR A L 4
RN Hg Pb As fl Zn & B h &1 JoK-F B
B LT 2020 45 FE S B X B 3 T R 9 R 2 DR
Y E & B AT T S5 R R DU Y T A R
PR D piE X AR B Cu.He & &8 TRMI5
P fPE—ERBEESKE . ZE. A2 =
7 30 s 30T DO AR A AN K P A B 4 JE A T O L (HLATF
FE )4 L H R T J s e i (8] 5 3 /) DB ) T A R
O3 AR REAE BRI ST L 6T Bl 308 v v ok %) ST T TR 0 % A b 25
Z NI LU shE Wi AR 6 B S A v Sk T B A b i
SRR A . W AR EE T 2021 45 B
39V SR AR 1 2R U2 AT IR TR A A 0 B L R
BRUR B e AR 2 XURS 15 B0k A — B0 DU ) R
g A T T 97 3 T SR T AR P A Y5 G BOIR
HEAT PP o I % B 2 A8 A R B e St AT A 5,
PRICIZ DK G S PR S5 IR 00 PR 9 18 7 2 A5 PR 45 1 R S il
s A EE

1 M ST

1.1 H&EX&E

2021 4% 9 J 75 B W0HS U SR 4R 3R )2 TR R o
21 M HAR DBV AR S 1 SRS Ar A AN 1 BT
N RIS RERIZ (0 -5 ecm) DU HE
it CH R TORR W v 9 20 ) o 4 3 A4 FH T i R A7 36 A
WA I TR A 4% 8 HARIR (<4 O RAF H E %
BE L FEARDURY) (FC142) R FH iR ) 15 28 BURE #58 BURE
B RE i 5 03 0 K AR R 176 cm, 4 8 #E 5
Fi2 10 cm [B] B 43 B L I AR &0 4% v 2% 3% T )
7.2 Pb F™7 Cs MR RE R 4E 32 18 20 em [8] Bg 43 Bt
(HJRFEE] R 16 co) AT 70 HE R AR LA Th 18 R
(< =20 COPRFE. FES IR 4 5 A7 1 42 IR Qg 7
WML . 5 3 BBy FESCRAEVNAE iz ) (GB

17378. 3 —2007) " Wy AH 56 00 5E 34T,

108°10'00" 108°20'00" 108°30'00" E
. ch ang
Jiangping Jiangshan
L]
Zhenzl e leha
~ ay Penifisul Penin Qinzhou ?
= Bay g
< [[Beildin P tom | £
@ 'ss 1ary ° eTe -3
'O_ """"" o —
o o
° Y ° °
10 m o
- (’;:’
o -, o ~
S 10m 2NN Legend =)
e 7 - = - |=3Lane @
21 ° o - -20m g ® | g?'
N L 0246810km o
- L=
108°10'00" 108°20'00" 108°30'00" E

BI1 SRBEu
Fig.1 Sampling station
1.2 H@RUE
B At I3 3 A A R e R A R R A I T b TR
AT 5 JIT 1 5 b I 552 3500 A T v 52 . DB R i
A ML K42 T T 4 )@ o0 R 1 T SE 4 7 A 4 R
CHRE 3 W I B FE . 28 5 W 4 VLA 4 ) (GB
17378.7 - 1998) it 47, B A HLEK (TOC) | B A&
(TND & &k 42 H 37T & 73 B (EA3000 Elemen-
tal Analyzer) il 5 ; BBk (TC) & & & FH B B 43 B X
(CORRY200) Il 7€ ; £ ILHR AL O; . Fe, 05 KA X
S5 61 (Rigaku ZSX Primus 11, H A3 2%)
W22 Rz B 0. 01 %) 5 UL R 4 7 B SR P 38l ok B 43
1 A% (Malvern Mastersizer 2000) 3 47 43 #7, I & 78
Fl 24 0. 02 =2 000. 00 pm, 53 HF %K 0. 01, 43 H1i% 2
INTF 2% 3 Cu Zn Ph,Cr.Cd Fl Ni JG 2 H HLEH &
BT % A (Thermo X Series 2) % ; Hg #1 As
it FORGH J5 T 2¢ 66 BE T (AFS-920) Tl 52 . & 48
JCEFATRE AR R 22 /N T 0. 550, b 9 14 [ %
110% —125% . HURUTEY i Pb.* Ra Sk H
Al Y B2 (CANBERRA-BE3830) Il 5 . AW 5%
X F1E & #1146 ¥k B (Constant Initial Concentration,
CIO B X R UL AL A v 14 33 071 P T B4R AR,
BEATIHL, CIC B T AR

. 1 AO
t—TInAfk, D

e HVTB R TTRUAER A AR B TR
Z2Ph B HLIE B (Ba/kg) s A, I HDIR TR IR Bl
BOEFOPh B HE IS B L PP ) AR W R (A =
0.031 142,

[8]



1.3 FMAE
1.3.1 3 EMRIBLE

i B G E (Geo-accumulation Index, I, ) i J&
VEAN B — B0 ST 4 Ja i Y B B Y O 1k i O TR B R

H AR B VR FH 3 TN 288 25 6 3 21) 55 X DR RA 355 1)
U TR UOR Y R 4 R T ek N HA
K H
C,
I 1ng[m] (2)

ﬁtpalgco ygi&%i\*ﬁﬁﬂj‘%yg 7 4?%%%%&(%%

EEE BB RRYEERES

0 FE B KU A

®2 NBRYESENESENHELEERY
Table 2 Background value and corresponding toxicity coeffi-

cient of the heavy metals in sediment

Z ¥ Parameter Cu Pb Zn Cr Cd As Hg

Cliga X 1075 15 20 65 60 0.065 7.7 0.025
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Relationship between potential ecological risk index

Ei,RI and grades of pollution
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Table 4 CBSQGs of heavy metals Unit: mg « kg ™'
— B VLB B I
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Heavy metal B (e 7 AT REAL % Bt

TEC PEC

Cu 38. 20 214.60

Pb 53.00 296. 00

Zn 153.50 396. 20

Cd 1.04 5.76

Cr 78.30 268. 50

Hg 0.18 0.66

As 16. 10 54.30
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Table 5 Content characteristics of heavy metals, major elements, TOC and TN in surface sediments of the study area

&/ (mg - kg™

G/ (gekeg D

S%E:Ifl;s Content/(mg * kg ) Content/(g « kg™ ")
Cu Pb Zn Cr Cd As Hg Al, O, Fe, O, TOC TN

Minimum 5. 60 18. 00 19. 90 18.90 0.04 3. 80 0.02 5.19 1.58 0.17 0.013
Maximum 23. 80 44. 20 97.10 75.90 0.10 16. 30 0. 09 19. 28 5. 86 1. 00 0.937
Average 18.78 34. 86 78.90 61.55 0. 06 9.27 0.05 15. 46 4. 89 0.71 0. 226
Standard deviation 4.73 6. 88 19. 55 14.82 0.01 3. 04 0.01 3.45 1.12 0.18 0. 291
Coefficient of variation 0. 25 0. 20 0. 25 0. 24 0. 20 0.33 0. 29 0. 22 0.23 0. 26 1. 290
Class | standard 35 60 150 80 0.5 20 0.2 2.0
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Table 6 Comparison of the average content of heavy metal elements in surface sediment between the study area and typical domestic

sea areas Unit:mg « kg ™'
Sei&ﬁas Cu Pb Zn Cr Cd As Hg
Study area 18.78 34.86 78.90 61.55 0.06 9.27 0.05
Bohai Bay " 32. 60 26. 90 95. 20 75. 20 0.30 12.90 0.072
Meishan Bay'! 21.76 19. 36 52.58 67.70 0. 29 13.30 0.73
Guangdong Coast'?] 43,83 44,29 139. 93 86. 97 0.38 20. 83 0.13
Maowei Seal? 9.00 13.10 31.50 0.13 9.48 0.04
Tieshangang " 10. 40 10. 70 37.00 25.70 0.07 9.42 0. 042
Beibu Gulft?*] 11.30 19.97 45.73 21. 90 0.07 9.11 0.04

MR XRZIOHY PR R S & AE 2 B
7R o Cu Ml Pb 73 A A 8L =5 {6 DX 32 A T H7F 50 ¥ 3R
AEHB s Zn A Cr 23 A5 ARARL 55 8 X 24 4 T BF 52 10 )
HZRER s Cu Pb.Zn Al Cr A X 73 A1 A1 AL 249 42 T BF
FEE I PG s Cd o 8 XL T T 58 Mk PG AL A 5 T
e 8 AR DXL T F 5 Vi 3 p 3 B R R 5 As A
Hg 73 A AL 85 (8 XX 07 7 1 0 8 A4 v 8 1

VI I XA F P R A . TOC @A X
AL FAIF 5 0 358 3 AR AT A DX 43 A 7 BF 50 06 35 P
s TN (L IX 43 A3 76 H A6 36 . BP B 38 YA 3T 11 X
B, HoAth X B K, BEAh CulZn Cr.Cd %]
o 00 R e 0 R O M iR, BV T AR R AR )N
fEE SRR, RHMPRY &6 M TESEN
WA



EEFES BEHEEERRNESE S HHERRXKEIEN

Content/(mg-kg ") Content/(mg-kg™") Content/(mg-kg™")
_ 25 45 e 1100
N N
21.6° 21.6°
20 40 80
- g
21.5° 35 21.5°
- 60
15 21.4° 30 21.4°
40
21.3° 21.3°
21.2%= 20
b 20
5 o o o o o o
S N s N 8 E
& @ @ & &
RN
Content/(mg-kg™") Content/(mg-kg™") nt/(mg-kg™")
— 80 - -
70 0.09 15.0
60 0.08 125
50 0.0 10.0
40 0.06 75
30
0.05 5.0
20
) o . ° 5 0.04
SN Y Yy % 8 E O > V> > 5 E
Y g o ) ¥ ¥ R X & & )
RN SRR RN RN IRSIRCIRNIRN }
Content/(mg-kg ") Content/(g kg )
e T 0.09 1.0
\ %/ 4
0.07
21.5°
0.06 .
o
21.4 0.05 o
21.3° 0.04 21.3°
0.2
21.2° 0.03 21 20
= 0.02 0.0
NI S A S S S o)
0 & @& & &
ROOSERSERNEIRNEN

B 2 FEVEYESEAM TOC. TN & &0 i

Fig. 2 Distribution of heavy metals, TOC and TN content in surface sediments
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Fig. 4  Fitting relationship between excess **Pb and
depth in core sediments
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Table 7 Correlation analysis of heavy metals, major elements and TOC in sediments

Cu Pb Zn Cr cd As Hg AlLO;  Fe,O, TOC s%; J %s}i% %j’;
Cu 1
Pb  0.948"" 1
Zn 0.951""  0.900"" 1
Cr  0.935"" 0.887"" 0.995"" 1
Cd  0.549°  0.537"  0.486"° 0.484" 1
As  0.646°7 0.769°° 0.496° 0.475"  0.369 1
Hg  0.741"" 0.841"° 0.591°" 0.560°" 0.467" 0.976"" 1
Al Oz 0.951"" 0.931"° 0.925"" 0.925"° 0.875"" 0.736"" 0.778"" 1
Fe,O3 0.929™  0.899"°  0.994™" 0.0994"° 0.985"" 0.499" 0.587"" 0.920"" 1
TOC  0.912"° 0.906"" 0.848"" 0.822"" 0.774"" 0.724"" 0.802"" 0.905"" 0.826"" 1
Sand —0.570"" —0.442" —0.523" —0.489" —0.481" —0.195 —0.300 —0.437" —0.459" —0.437" 1
Silt  0.579°°  0.440°  0.542° 0.517° 0.509°  0.186  0.276 0.456° 0.479°  0.418 -0.979°" 1
Clay  0.511" 0.408  0.451°  0.408  0.404  0.175  0.292  0.364  0.391  0.417 —0.960"" 0.884"" 1

Note: * * indicates that the correlation is significant at the 0. 01 level (double tailed) ; * indicates that the correlation is significant at 0. 05 (doub-

le tailed).
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Table 8 Biological toxicity risk of heavy metals in sediments
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As 20 1 0
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Distribution Characteristics and Risk Assessment of Heavy Met-
als in Sediments of Fangchenggang Sea Area

PANG Guotao' s YAN Kun'?,ZHANG Xiaolei'”,YANG Yuanzhen'.LI Wei',XIE Lei!

(1. Yantai Geological Survey Center of Coastal Zone,China Geological Survey, Yantai, Shandong, 264000, China;2. School of Envi-
ronmental Studies,China University of Geosciences (Wuhan) , Wuhan, Hubei,430074,China;3. College of Marine Earth Sciences,
Ocean University of China,Qingdao,Shandong,266100,China)

Abstract: In order to explore the pollution level of heavy metals in the sediments of Fangchenggang sea area,
21 surface sediments and 1 columnar sediment were collected in September 2021. The spatial and temporal
distribution characteristics, correlation and pollution degree of heavy metals and organic matter were ana-
lyzed. The ecological risk of heavy metals was evaluated and the sources of heavy metals were analyzed. The
results show that the average contents of Cu, Pb, Zn, Cr, Cd, As and Hg in the surface sediments of
Fangchenggang sea area are 18.78,34.86,78.90,61.55,0.06,9.27 and 0. 05 mg *» kg ', respectively. The
contents of 7 kinds of heavy metals all meet the first-class standard of national marine sediments. The source
of organic matter in core sediments was analyzed by C/N value. The results showed that the source of organic
matter in the heavy metals sedimentary process of the study area was mainly terrestrial organic matter. The
results of correlation analysis and cluster analysis showed that the composition and distribution of heavy met-
als in the surface sediments of the study area were mainly affected by geological background,offshore indus-
try and human activities,followed by ships and marine aquaculture. The results of geo-accumulation index e-
valuation showed that the elements with slight and above pollution were mainly Pb and Hg. The results of
potential ecological risk assessment showed that the potential ecological risk of heavy metals was Hg>Cd>
As>Pb>Cu>Cr>Zn. The relatively high value areas of potential ecological risk index were distributed in
the Bailong Peninsula and the southern part of Qisha Peninsula,and Hg was the main potential ecological risk
contribution factor. The biological toxicity risk of heavy metals in sediments of the study area is low. The
study results can provide scientific basis for the sustainable development, marine environment protection and
management of Fangchenggang sea area.

Key words: Fangchenggang; sediments; heavy metals;geo-accumulation index;ecological risk assessment
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