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Abstract

In autumn 2023, the content of copper (Cu), lead (Pb), cadmium (Cd), chromium (Cr), zinc (Zn), and
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mercury (Hg) in seawater and surface sediments of Daya Bay was investigated. The distribution char-
acteristics of these heavy metals were analysed, and a quality assessment was conducted. Source anal-
ysis models such as Pearson correlation coefficients and hierarchical clustering were used to ana-
lyse pollution sources in the Daya Bay area. The results showed that the average concentrations of
the six elements in seawater ranked from highest to lowest as Zn > Cu > Pb > Cr > Hg, while in sedi-
ments they ranked as Zn > Pb > Cr > Cu > Cd > Hg. In autumn 2023, heavy metals in seawater dis-
played higher concentrations near the coast and lower concentrations offshore. Surface sediments
showed higher concentrations at the bay head and lower concentrations at the bay bottom. Heavy
metals at the bay head mainly originated from industrial activities, with the west side also linked to
transport activities. In eastern Daya Bay, pollution mainly arose from human activities and ship ex-
haust emissions. Arithmetic mean multi-factor index, geoaccumulation index, and potential ecolog-
ical risk index assessments indicated that the area is currently clean, with good water quality, cor-
responding to a slight potential ecological risk level. Pearson correlation and cluster analyses demon-
strated strong correlations between OC and Cd, Zn, and Hg, and the main sources of pollution are sim-
ilar.
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Figure 1. Schematic diagram of sampling points in Daya Bay in autumn 2023
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Table 1. Investigation and analysis of Daya Bay in autumn 2023

F 1. KEEEE 2023 ERFFES 2

TR A FAIWIReS TS ZIRbriE
Cd. Pb. Cu. Cr  FKJESE TR M6 LA i ?cu&qggi% sepeip  GB173784-2007
ik zn IIRTRMA NN oS s GB173784-2007
Hg JRT9MTR T 7{2‘2‘\; SeRELE GB 17378.4-2007
cr Te RSG5y e e L i e ?Cu&q&?}]??% yepeip  GB173785-2007
VOB Cd. Pb. Cus Zn  KMETREUDOEEE g tAS L GB173785:2007
Hg JRFRATE T 7[?2?% et GB 17378.5-2007
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2.3.2. KL 2023 FESBRET
1) BEARMWEZ HTRE0E
DR A TH B IR KV Y < JR AR AT S AN, ASCRAI S ARIE 2 T 80%4[3], DS
P AKARAEAEAE VPN BRI, 7L GB 3097-1997 (/KK ARHAEY [4]
0. C

I :%Zn:li =EZ—'

i-1 nig S
K UASEAREMEZ R THREG ORI TARMERREG GO | Ms B sSEll PR L, ug/Ls Si MR
| A RV ARHEE, ng/L. ZIRSCHERS], | BITRE RLTS B0 SOk i L WA 2.

Table 2. Grading standard for water quality evaluation of arithmetic mean multi-factor index

3 2. BARESEFRECEKBITHN S RIiTE

UNGIEIE 1590 7> PARYE KRB
1<0.2 T ZHTH AR, AN E A L ERR R
02<1<04 GINCRE KB SILERRAER AT b R4f
04<1<0.7 LIRS AN S H R A v — M
07<1<1.0 Hh S e P T5 R A %
1.0<1<20 ERETS 2 — 843 T I R 3o v B
1>2.0 FEE G Y HR 50 T H A bR v ) LA B L W7

2) M B A
AL 45 HE7E 20 184220 60 4 e Muller B8t FFL TV /AR B h R T 5 L P 1 22 LA 4T
Hit AR

C
Yoo =100: | 755 B,

Xb G BRI MPTS IR E & R & f(mg/kg), Bi 2RI E SEIcR | KT SE, 1.5 ZHZ M RIE
TR SRS K e RO A s SRR IE 2R 8, HVP 2 [6] WA 3.

Table 3. Geoaccumulation index (1_geo) classification levels
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Table 4. Background reference values and toxicity coefficients of heavy metals
F4. EERHNERSREREHRY

ZH | HE 1 B % K
Parameter Cu Pb Cd Zn Cr Hg
Background reference value/(ug/L) [8] 10 5 5 50 100 0.20
Background reference value/(mg/kg) [9] 6.44 21.67 0.027 26.01 22.35 0.011
Toxicity coefficient [10] 5 5 30 1 2 40

Table 5. Classification standards for ecological hazards of heavy metals
5 BEERESBEMNE

E! RI EAEHERE
E, <30 RI < 150 LT
30< E/ <50 150 <RI <300 HaE
50< E <100 300 <RI < 600 5
100< E! <150 RI > 600 R 58
150> E| 5

2.4, RIE S S RESH

R FT R N K VS - 4 JB 15 e 2 (B A s e 2, % 2023 4 BN KD S 4 R 48 B0
HEAT A M 0T 5 R HT
2.5. BUEAbIE

AR Excel 2010 #HATHHEALH, SPSS 21.0 #4741 4041, Origin 2022 1 Arcgis 10.0 #17%:
K.

3. &R5i1T1ie
3.1. K& 2023 FHEE LB T8 9 HHE

Xf 2023 K E VS i oK b B S BT U S, AL L 2, WS AR 6. i
K& A 4 8 Cd Ak, Pb A HH 280 87.5%, % JC & (1135 & & H K2/ 7 A Zn (36.5ug-L ™) >
Cu(25ug-LY)>Pb (2.38ug-L 1) >Cr (1.4 ug-L %) >Hg (0.072 ug-L ™).
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Figure 2. The composition of heavy metal concentrations in seawater of Daya Bay in the autumn of 2023
B 2. KIEEEE 2023 FRREFKFECRBIREHRK

Table 6. Heavy metal contents in seawater and sediments of Daya Bay sea area in autumn 2023

3% 6. 2023 FREXLZ B KFMARNTNEERESE

/K (ug-L™h TR (ug-g7h)
e EE] TIIME FrifE 2= 3 P bRk %

Cu 2.1~-3.0 2.5 0.3 1~34 11 11

Pb ND~6.65 2.38 2.02 41~72 60 11

Cd ND ND ND ND~0.13 0.06 0.04

Zn 12.6~93.1 36.5 26.8 59~127 92 21

Cr 0.8~1.8 1.4 0.4 29~55 46 8

Hg 0.067~0.078 0.072 0.004 0.022~0.050 0.034 0.009
H: “ND” RRARMH; K P AR HAE S TS BUE D9 HAS HIR G 1/4, oK. SR Cd IRAS AR ST
I ERUAE A FA R ) 172,

MR AR, MEEABEAT IS, R HAR 5 FotR S H = miR SR A, ik 3 5
o BEAR B 2023 SEAKE G K E B m RN R IR R B R AR ARy 5 458 R L0 FUR I — 2K
RIS O S LN I SS H BE JT 5[ 11] . TEEIEALIX HOIIR, Cu. Pb. Cr. Hg &AM, WRER
I A% T RS A A T X DA SR B N AL, IR A5 G % . Chen 55 A\ [12]4F 7E & L
WRRR =PI EERTRY S+ Cus Pby Crioam &/ R,

X TCERIEAT MY, KT Cus Ph & B MR sk b & 17 DY ) J 1 1, S AR T R o 8
KH By, SR G ek hr SWO4 & B i fm, M DU A AR i T IHEAF e e, Tk ke
Xt Cus Pb AEFERZI o Zn MK eIk b 8 e DG J& 75 Ry s 1, FESie a1~ B F) 58 S Ve e & AR i v
BT AE AR S RN T, AR S A R TR B 5 G i [13]. Cr I8 S E X B0
IrE Mo E IR RS TG &S, FEr/ MRSk, Cu. Pb 7E MBI B (B M. P RE2
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Figure 3. Spatial distribution of heavy metal content in Daya Bay sea area in autumn 2023

3. RILEEHE 2023 FREBKEERAETHNHE

Xf 2023 FERKFE R IR ZIR b E &R & BT E o, AR K 6. K 4. JIRES
JE Cd 1IN 50%, HAtT R HFE N 100%. FHE&EH KBNS HN Zn (92 ug-gt) > Pb (60
ug-g 1) > Cr (46 ug-g %) > Cu (11 ug-g %) > Cd (0.06 ug-g 1) > Hg (0.034 ug-g ), ¥ GB 18668-2002 (iF*
GURPIRREY [16]18FEH, 2023 4FEHKZE KGR E U — 5. W H b Al 24 2 0T 7015 3 (0
BRI E SR E, 2023 E#kZE Cu. Pb. Cd. Cr. Zn. Hg 7> M%) 1.77 % (Cu 5 51E 6.44). 2.76
f%(Pb 15 5{H 21.67). 2.06 £%(Cd 5 {H 0.027). 2.07 £5(Cr T 5t{H 22.35). 3.54 fi%(Zn ¥ 5 {H 26.01). 3.07
f5(Hg 15 5¢1H 0.011), AWF7EH 6 Fh 55 @ 58S 8 S E, U2 i B 52 B A IS 32 .
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Figure 4. The composition of heavy metal concentrations in sediments of Daya Bay in the autumn of 2023
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Figure 5. Spatial distribution of heavy metal content in sediments of Daya Bay sea area in autumn 2023
E 5. KIEEE 2023 ERREFRRYECRSETHANHE

3.2. RIEFHEE RSN

321 BAMEZETIEECE

Xt 2023 FEAKZE KB HEISGHE K o R S B AT TR, PRIV 7. AWFFUH %S Cus Pb. Cd.
Cr.Zn.Hg JR IR EU /N T 1, FORI(E R 2 N 745 £ Dy 0.001~0.730, “F- 34545y 0.305,
N 0.4, RINZIHEMTER, KRREF. 5 2015 FUSCRSFEA[I7TH AL R, 8 HFRZIFRIG L
KRR, HAKTA FGFES .

3.2.2. W RIBRCE

XA T TSR B A B AR AT IR B, PRI 7. BRFCIA A 6 FhEE 4R i B R HCF 1
He A Pb (—0.81) > Zn (=1.51) > Cr (—1.55) > Cu (—2.72) > Hg (-3.47) > Cd (—4.34), h ZMIEHI/NT 0,
U 2023 FAKT R IR Z TR TIERIRDS, K2 ELBI5%.

Table 7. Parameters of heavy metal index in seawater and sediment of Daya Bay in autumn 2023
F#7.2023 FRRERIEKRSRRNECRIERSH

FAEZ N T 165 U B4
o
g FEE (e FEE
Cu 0.207~0.296 0.253 ~6.229~-1.146 -2.72
Pb ND~1.329 0.475 ~1.371~-0.546 -0.81
cd ND ND ~9.221~-4.143 ~4.34
Zn 0.252~1.863 0.730 ~2.157~-1.045 -151
Cr 0.008~0.018 0.014 ~2.240~-1.298 -155
Hg 0.335~0.390 0.359 ~4.106~-2.921 -3.47

33. KEZE 2023 FHEESRBHEESEENRIEE

PRV e o5 B J@ AT TH 5, 15 2 KSR & e BT L G /A Eo XF & ulhifir 2 M e <
BTN, 5B SR AR A IR AU Rl RIEARGE, U0UZb AL s i e AR S RS, FR %
WM. H% 8. K6 mUEH, Sulifi¥NEMAESEERE, BELED.

KL HG 7K H Cu. P Cd. Cr. Zn. Hg iX 6 P 55 < J 78 75 A2 245 KU i 201 3B HE 7 8 Ph (4.27) >

DOI: 10.12677/wpt.2026.141003 28 VIS Y 3


https://doi.org/10.12677/wpt.2026.141003

i

Cd (1.67) > Cr (1.53) > Cu (1.14) > Zn (0.53) > Hg (0.41), #KE & @ BEASKETREI /N T 40, B T&%
TR AR A B S5 2 o TR 3 7 1 75 4 S VB TE AR A8 AU H R H0h 14.87~23.47, “F¥{H K 18.80, 43zt )
T 150, BRI KMV V5 K o 46 i e 7E AR 28 XU Ak T 3L K-
KBHIREZZ VY Cus Pby Cd. Cry Zn. Hg /NFHE &8 i e £ S XS s BP9 EHEF A Hy
(14.37) > Pb (2.38) > Cu (1.27) > Zn (0.73) > Cd (0.03) = Cr (0.03), %K & J@ e A 2 KU Ha %/ T 40,
BT RS KSR S A E 4R BB AES TR 9.35~19.10, “FIfE N 14.04,
B3t/ T 150, PRI RS 3R 2 DA B 4 ST E AR S U AL TR K P

Table 8. The degree of ecological hazards of various heavy metals in the Daya Bay sea area

*8 AIEBHREECRNETSRERE

JLER K E! ERRERE TR+ E! HERRERE
Cu 1.27 LT 1.14 B
Pb 2.38 B 4.27 B
Cd 0.03 B 1.67 B
Zn 0.73 L2 0.53 By
Cr 0.03 LT 1.53 L2Y
Hg 14.37 LEX 0.41 B
25.00 r 25.00 r
20.00 Ff 20.00 F
15.00 F 15.00 Ff
o x
10.00 Ff 10.00 F
5.00 500 F
0‘00 L 1 L 1 1 1 1 J 0‘00 1 1 J
N N < N OO N < N O < N O 3 N <
O O O O O 1 « « O O O O O ««H « «
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Figure 6. The potential ecological hazard index of each station point in Daya Bay sea area in the autumn of 2023

B 6. KA 2023 FMEFE KRB EESEEEY

34. RKIEFHEGRISIRESN

3.4.1. Pearson 4341

XHURRA Y 4 5 S HEAT AR S A

Cd 2&EFIEMRK. 5 Zn BEMNEF LMK, HRTURMRMEARE.

SERIE 7. PRI Zn 5 Cu. Cd REZIEMAX, Hg 5
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Figure 7. The correlation among heavy metals in the surface sediments of Daya Bay

7. REEBERERRYTESRE 2 ERBEXME

3.4.2. BRI

BN DU B oRIR, PRI HLRR (OC) A& 15 % 51 4 & (M R Al UE i r= A ey, it 28404t
X AN TG Gt AT 402 T8 75 G e K 0 V8 Vi3 ml R AR S A AR AR ML o SRR H 45 SR DL ] 8.
MBI EH, EEEE 0.6 B, 7 KI5l LIy Rk 4 #%. 2B—#0 Cu, 5 _#% K Cd. Zn. Hg. OC, f
=R APb, FIUEA Cro TR S ik Pearson HSCHESHTAHEL, B OC 5 Cd. Zn. Hg HARKRT
S, DR OC SR EE&mA R =N AeR[18], X 5HFM[19]. HEHR[20]15 AHHE—FL.
M Pb 5 Cr % m—#%, UiAHIXMFNA] RefFAE S HAL TR AR KIE. Pearson AHPE 2, Cr 5 Cu.
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Figure 8. Cluster analysis of pollutants in surface sediments of Daya Bay sea area
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Zn JTTRALETEERREANE( 400 0.59 1 0.64), HIEFK e, Cr ZIBps h—ik, HIEF
Pearson 73T £ SGEPI MR R Z AR R, MELMCR, T8I Hr 1 2T 2 208 B AR AR U X
RS, RRIIPTHTRNLGERW. F, B Crl5 Cu. Zn 2rhaELiEFLD, (HATRERHAlTR
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