)
GS%DJ_\E_ 7 N VA W40 B3 2023 4E 3

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol.42,No.3  March 2023
Knowledge Web

DOI:10.7524/j.issn.0254-6108.2022071702

SO, MR FS, AT, S5, [ AR 5 - T U 75 8 2 UURR ) B 4 5 Y R AiE BRI BT (). R85k, 2023, 42(3): 769-778.

GUO Yu’an, CHEN Xiuling, CAI Binggui, et al. Characteristics and source analysis of heavy metal pollution in surface sediments of Huangqi
Bay, Dinghai, eastern Fujian[J]. Environmental Chemistry, 2023, 42 (3): 769-778.

EREG-BRERENFRYDESR STEFER KRN

;?E@):L%],Z ]1}'1:‘ %&5}4\1’2’3 *ok ?;‘S*%ﬁlgﬁ )]_f, ﬁkl,Z ;‘U] ‘;‘}‘—\\1,2 )% }/?\1,2

(1L ARG M Py A A — s P PR AR R SE g, RN, 3500075 2. fRARIIVE = BB 22 Be , ARM
350007; 3. i HIMIE K2 s BLAH 5T B, 4 M, 350007 )

T E ERMATTOBUYE S E R IR I 2 0] 5340 B R A AR A AR IR B IR SR R AR A S
VIE G- HBIEE AR IX, A EERBYNESRE S, AP RIS EEAT LESR
23 (Al AR LA, PR TIEE MR 7R (PMF) E A H R 4R oL R 75 Yok . fF e s R %
W 5 W -TE I VS R Z VLAY V. Cr. Co. Ni, Cu. Zn, Cd. Pb¥J{H 435K 86.55. 61.50, 13.50,
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Characteristics and source analysis of heavy metal pollution in surface
sediments of Huangqi Bay, Dinghai, eastern Fujian

GUO Yu’an"? CHEN Xiuling'> ™ CAI Binggui'*’ LU Xin"?
LIU Jie'? ZHOU Ling"?
(1. Key Laboratory for Humid Subtropical Eco-Geographical Process of the Ministry of Education, Fuzhou , 350007 , China;
2. School of Geographical Sciences, Fujian Normal University, Fuzhou, 350007 , China; 3. State Key Laboratory of Subtropical
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Abstract Quantitative analysis of heavy metal sources in sediments and the creation of spatial
distribution maps can provide a scientific basis for the treatment and restoration of the marine
ecological environment. This paper examines the heavy metal content of surface sediments in
Dinghai-Huangqi Bay, investigates the spatial distribution of heavy metals using the Nemero index
and geostatistics, and quantitatively describes heavy metal pollution sources using a positive definite

matrix factor analysis model (PMF). The results show that the average values of V, Cr, Co, Ni, Cu,
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Zn, Cd, and Pb in Dinghai-Huangqi Bay surface sediments are 86.55, 61.50, 13.50, 30.42, 30.60,
116.58, 0.11, 39.94 mg-kg™', respectively, which are higher than the background values of coastal
shallow sea sediments in Fujian Province. The Geostatistics and Nemero index show that the spatial
distribution and pollution characteristics of V, Cr, Co, Ni, Cu, Zn, Cd, Pb contents are different. Of
them, V is slightly polluted, Cr, Co, Ni, Pb are moderately polluted, while Cu, Zn, Cd are heavily
polluted. However, both high-value areas and heavily polluted areas appear in human activity-
intensive areas, demonstrating the common characteristics affected by human activities. PMF
analysis showed that V in the sediment comes from the natural source of regional rock weathering,
Zn and Cd elements come from domestic sewage discharge, Ni, Cr, Co, and Cu elements come from
the peeling of metal coating on the surface of the ship, and Pb elements come from the oil leaked
from the marine traffic. The natural sources, domestic sewage, industrial, and traffic pollution
contributed 19.3%, 28.3%, 43.4%, and 8.9%, respectively, to heavy metals in Dinghai-Huangqi Bay
sediments. The ship metal coating flaking off was the industrial pollution source with the highest
contribution rate.

Keywords heavy metals, source analysis, positive definite matrix factor analysis model, eastern

Fujian.
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PE A LU, B 2 FE 4 S U5 YR X TR, 28040 43 vk RN 240 BT (R R 1 O vk IR A AR R R B 15
Yo R B BTk R, R ARECE A B 7 3] BR ) A5 R 1A I 2 R ) BRI S A M T AT AR AR (PMIF)
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1 MBS 5 ( Materials and methods)

1.1 WFE X HEDL
G-I TAL 4 26°17—26°22, 254 119°47'—119°577, SR & A5 M AT 7 VT BL, 2 > 9% 8
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Fig.1 Distribution of sampling sites in Dinghai Huangqi Bay
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Table 1 Pollution assessment level of Nemerow index

P

42
S

WA £ s Y di B 1Y BZERE
Néméro Composite Pollution Index Pollution levels Evaluation results
Py 0.7 1 HIEA
0.7<Py;4<1.0 2 T T (B RER)
1.0<Py;:2<2.0 3 RS
2.0<Pgy4<3.0 4 UGS
Py>3.0 5 wiGY

1.42  IEERRFER bk

1E E S0 M X 740 B s (PMF) J2& /i 25 22 Bl 2% 5 Paatero Ml Tapper 7E K438 (FA) B 364l T & &
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2 AW AT A5 2 H AR sR A Q 1 e LAk M K 2 de L3R 1S 2,
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TN, FRZEFE MR e RoR. a N - BRI SR AR B TTRR I REAS B s ¢ e i 4 8 28005 b i
/GG i e R/ W (L R

Xowo = Gaup X Fpue + €40 (3

n n 2 n n
0= (ﬁ) - = 4
o1 o Vi =1 =1

O, wy BVERS £ AREGL SR A TC R RO AN 1,0 S bn v 22, € b 4 Jm DT 238 Sl & i, MDL 2y
TR BRET, AN 5 A r

5
UijzgxMDL(CSMDL) (5

U, = y(6xC)+0.5xMDL (C > MDL) 6)

2 455 545718 (Results and Discussion)

2.1 - B U v G R 0 A AR
T A2 T - B0 U V5 o 4 B AT R AR R e H I A B (3% 2), @ T -B IS b V., Cr. Co. Ni, Cu. Zn,
Cd. Pb LK M 4 JE & &40 5k 86.55. 61.50, 13.50, 30.42, 30.60. 116.58. 0.11, 39.94 mg kg ',
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8 Fh i 4 B L R -1 & B AR A T R iR DU 1S 5P VORI P OS2 & B o I B
1.34 £%F01 1.30 1%, Cu, Cd A& 5405 1 5B/ 2.15 4571 1.76 £5.

R 2 M-SR A E AR R RRIE (mg ke )
Table 2 Heavy metal content at sample sites in Huangqi Bay, Dinghai (mg-kg™)

\% Cr Co Ni Cu Zn cd Pb
e/ ME 11.55 3.33 223 2.76 2.33 40.42 0.01 3.36
HRAE 119.50 106.71 18.68 4530 209.10 404.56 0.72 113.04
FE 86.55 61.50 13.50 30.42 30.60 116.58 0.11 39.94
AR 34% 42% 33% 42% 91% 43% 79% 35%
AT R I TR e 79.8 57.4 11.81 27.4 21.9 95.9 0.08 37.1
o E TR S 71 61 12 24 15 65 0.065 20

5 5 R ABUR B S S SRR A 4 R S 28 R R B, CV<15% R 55781k, 15%<CV<36% #*
TR R EEAR A CV>36% Fm R AR AE 20, B A8 7R T 50%, 22 B PR v 8 4 @ & B o 8] A A AN 40, SR
FEAE SRS YL B g g - I 75 V| Cr. Co. Ni, Cu, Zn, Cd #l Pb JCZE WA 5 RE0 518 34%. 42%.
33%. 42%. 91%. 43%. 79% Al 35%. H:i1 V| Co il Pb 4 1 %548 5%, Ni, Cr. Zn 19748 5 2 BHL, 4
TR 42%., 42% il 43%, BB BT 36% K AR S Rl Cu Al Cd #9728 55 R B0H J2& 5135 91% A1 79%.
IR - VS Cu A Cd 1 3 23 ] A A AN Y 5, 32 AN FER 52 K, AAAE A WA 0 s U .

P T - B U VS SR JZ DR I 4 s & i ZS ) 4n A nl 1 (81 2), V., Cr, Co. Ni TG & & & i IE X
AR AR AR FN PE S, FE A I 1 v (i DX IR TP, L 22 R AR/, Cu AR B AL, HAE
R ) Sk Tk JXUR (LTA22) FI1IEE VS PN A T AR A Sk (LIB31, LIB32) HY A W i X Cd 20 A 5 HAb T &
FEAE LU I 00 22 5, JHL v (1 DX 3228 1 A VA A e 0 O e %) R T AR 2 R v, B Vg A =k (LIB32)
B U6l BEURES Sk 3kt XL (LIA22) &b Po fIGAA X AR VG 5 RNV P Hb 3 i 2R 8 40T 3, 96 V8 D op 3 fi 7
B, ARG R = s (LIA22) b v il g g b i Sk (LIB32) 3R ECH B S S B Zn & 1 B9 IRME X 23 A
P AL LA B A6 A ZE 0 X R, 3 (L X 43 A 7 H s U A R TR A RS Sk (LIB32) , A A A5 3k (LIB31) K&
IR AL FRUT e B v s (LIA21) | 3 6 BRI Sk ok XU (LIA22) BRFIIT, B2/ 5l 4590 (LIAS) Al FfR f
HEFEH X BT (LIAG) FORE A5, LR Zn W] B8 5 Mii2 FR5H 55 AR T s HETS 4.
22 EEJRIGYRHE

3 A PR B TR ) I A JE R A T TS Y A SR AN T R (36 3) . X M- B T TR W A T
AR AN nT 0 (35 3). AR V S/ NRIS Y8 B0k 0.23, S K BRI Y35 500 1.53, HBL7E R
R (LIAL4). 428 Cr /N RITE YL F8 20 0.08, Fe KI5 YL 40h 2.58, HH I AE B Ui FRAD
Sk ik XU (LJA22). F 42 Co e/ NFATIG YL B0 0.30, e K PAIIS YL 8 500 2.52 H BUAE V4 o s it
W (LIA13). 48 Ni i KI5 Y48 500 3.36 H B 7R I 7 b B IS8 (LIA14) , Fe/NER TS YL FE B0 h
0.20. 42 J& Cu JC R MY B K LIS L35 500 9.68 JT H BUAE 8 Iz 445 Sk 3k XS (LIA22) , e/ IG5 Y48 4k
Jg0.11. LB ICE Zn BTG5 YL 48 B0 B N 4.89 FF H IR 78 B s AR AT Sk 3k XUk (LIA22), S/ IME
0.49. T 4xJBIC K Cd BT YeFs B K AE 13.27 30 78 B Uy B AL S 0% XUk (LTA22), ¢/ ME N 0.18.
£ JEICE Pb HLITIG YL B AN 3.24 H 07 8 Ul A0 Sk b JXUis (LJA22), die/IMECH 0.1, 25 BTk
S T - P U VS 4 JE 5 Y B 3R, Hoh HE 42 JE J0 & Cr. Cu. Zn, Cd. Pb A5 K BRI YL 6 503 H 0 A
B U R XU A Sk PN, 56 B i U Lk JAURES Sk ] REAF PR & JB IR A V5 4%, Cr. Cu, Zn, Cd. Pb W] REAFTE AT
JRI5 Y.

P A T - v U VS TR ) T 4 I PN A 2 5 YL FR BT A1, ST V. Cr. Co. Ni. Cu, Zn, Cd. Pb (T35
TGS YL FE Ko A 111, 1.49, 1.82, 2.25, 1.42, 1.41, 2.13. 1.14, “F-2 A5 5 Ye 45 %50\ 25 BEAR 1 Ky
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Ni>Cd>Co>Cr>Cu>Zn>Pb>V. FLIG5 Y45 £ e S Wl — Al s A5 Gk e, A R T 1 BD R WIAEAE
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T 1H, 200 & 72%. 80%. 83%. 85%. 74%. 83.3%. 90%. 78%. JL & V. Cr. Co. Ni, Cu. Zn, Cd,
Pb L5 G5 Y850 o 1.34, 2,11, 2.20, 2.86. 6.92, 3.60. 4.90, 2.25, H:rf 8 FiC R ILE S T5 Y485
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Fig.2 Spatial distribution of heavy metal content.
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Table 3 Heavy metal Nemero pollution index for sediments in Huangqi Bay, Dinghai

\% Cr Co Ni Cu Zn Cd Pb

SR BT YR AL 1.11 1.49 1.82 225 1.42 1.41 2.13 1.14

e/ NI YL AR AL 0.23 0.08 0.30 0.20 0.11 0.49 0.18 0.10

IS NCRTIRGEIE Y5 1.53 2.58 2.52 3.36 9.68 4.89 13.27 3.24

ZRaTs AR R 1.33 2.11 2.20 2.86 6.92 3.60 9.50 2.43
15 YAER RETGY LREREE S LREREE S RSy HVSY HiSY E5Y PSR

2.3 TSYORIET

7R SCR B [ AR 28 JRA (1) PMIFS.0 X i V- 28 UG V2 1) 4 J A7 SR R 41T #R T 1 8 4 A TR 43
BT AR TR 2 X6 A0 T YL PR AT R A BT, Ay b A 1 2 5 2 X DR - B3 T 2 Ui 6 535 1 TR 4, 2
Q (HE/MEA T B2 5. AR SR T 1—7 A F AT, R Robust #5138, L5t £ kis 57
R AP 4 AT 98 V., Cr. Co. Ni, Cu. Zn, Cd. Pb (A Z%L 2 KT 0.8, &H] PMF 14
SR, BB AR 3.

Factor Factor 2 Factor 3
100 7 >

Factor 4

soff

60 [~

40 N

Contribution rate/%

20 1

NN 0 NN

\% C\r\ ] Co\ Ni\ \ Cu = Zn C(i } /\{Pb
B3 AV g T Tk
(7 Factorl fU HAAYE . Factor2 RARATEHEG I, Factor3 fAR TG Y4, Factord [REASE TS YLIR)
Fig.3 Factor contribution blots
(Note: Factorl represents natural sources, Factor2 represents domestic sewage sources, Factor3 represents industrial pollution sources, Factor4

represents traffic pollution sources)

HE4TIRH, VITRTF 1 BTTERE R 50.4%, I F 1 W EFICE. AR BRI i
V EZR A F A BT ECA A KRR B SRR R, 25 A e - B UV VIR IR HE K
AR S5 A, KWV Z NN R 80, TRk A T X 0a A e | sid R A A XA By B
SRORVR. BRI R 1A X3 A KA Y H SRR

Zn Fl Cd Xt 4 4~ R F 245 A1 . /Y BTk 2%, (H 5 7 2 A9 STk R 0 8 T A IR T (33.1%,
69.1%), i Zn Al Cd JHF 2 M ESFICE. Zn fl Cd HEE5F, W Zn A1 Cd (723 (8] A5 A4 4], 7]
AER A AN MUE. 7E Zn 1 Cd 25 8] 5345 vh (BT 2) 3096 35 29 78 2R AU s 30 s (LIA22) b g iy i3 A
MRSk (LIB32) , AR A A 3k (LIB31) R I =8 = {E, Uil Zn F1 Cd JC R AFTE A W b i) A 5 4,
Zn F Cd WG E F8 53 51 3.6 F1 4.9 o BRI — o5 28 VA Sk | AR AN AL) Sk R s 30 s ok XU S 2
FIEH B AR X, N A 7= A 1 T Sl B A e kXU R B 22 S HE TS A T, AT A T TS K R B2
o HE A T8 HE AR X B E B Zn M Cd % E 4R T R AR 16 15 /K o HETS Al B E AR
o, FEURFRHLIX Zn F1 Cd 5% . 5 UL FIRTAET K A TIHE R, Zn A1 Cd JC R 25 5 1R X IR TR AR SR i
AKX Zn F Cd 15 5%, B AT AT Zn F1 Cd TR P ER A FAE TR 157K, Sead HEM 8 DL iC A
H RS 22, R 2 AR AR T HETS .
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Table 4 Heavy metal elemental source contribution

JLER SRR HF2 HF3 M4

Elements Factor 1 Factor 2 Factor 3 Factor 4
v 50.4 13.0 329 3.8
Cr 72 21.4 71.4 —
Co 27.8 10.7 45.8 15.7
Ni 10.8 13.2 70.7 5.3
Cu 0.7 31.6 66.7 1.0
Zn 26.6 33.1 29.3 10.9
Cd 30.9 69.1 — —
Pb — 34.6 30.6 34.8
FEXT TR 19.3 28.3 43.4 8.9

K+ 3 H1, Cr. Co. Ni. Cu H ERICE, HITHRE 25 H 71.4%. 45.8%. 70.7% Fl 66.7%. H Cr.
Co. Ni, Cu # % [H] 434 AT, Cr. Co., Ni JGZ Al X IR ARE s AR e AT H 30 B S o5 {8 20 A1 (R AR XS 3
5], BB AAEA G X B R ER, 454 Cr. Co. Ni By H 35 3 248 5 R4k, A Cr. Co. Ni ¥5 YL 1 FU
75 Cu fE ARG = PE S (LIA22) FIi v P o e Bk XUt 5 3k (LIB31. LIB32) R S s fl, A S
REOCH = AR R Cu ZAME SR T PRI . Ni, Co. Cr FE 9 R HIE N HW A HAL & 4, 2
B T AR R R B SRR 5 2R FAR G 80 S 25 A IR ZE AR U L bl ) 4 TR 1R 2 . 780 T i i)
FE RS | IR0 S AR U L S i X P A SR AT, A ke ) A 5 e R 1) A R T 455 A
53k, BT 1) 3 30 1 Sl U XIRZE ) e AR W LRI TE R A, DA 5 SO A 4 1 4 B A R B U 2 BRI TE
HApE B 15 R EHRBIICE B Cu F1 Cr. T E 48 Ni. Co. Cr Ml Cu 2k A T L& & B Ik ZR17%.

¥ 4 v, 4R Pb M TTRk R e i (34.8%) W EFILEK. ARV Pb FERIET TG sh &
A HERC . P A 5 UV AR AU = 3 s (LIA22) g v A o s sk XU 53k (LIB32) 230k B W i
{8, Ry 2548 SRR, W] Pb 23 [A] 53 Af AN 345 255 B 0ol B vy s 1y Y A9 o A Sk Sy 5 308 8 il i 1 <« [
B R AP A T I Bs) 55 20 2, R TR B AR 455901 3 1 sh 0 26 il ARSI AT A rh S R s % Pb 1Y
HUEL, AN E 42 B, R Pb Bk A T g b c k@ okt i B TR R, T 4 2R
2T HERO.

HE— 2 MR 1 T 8 45 TR 1) R4 SO0 SRR R R R Y S AR BTR 4 B Rl DR B, - B AR
U5 A IEHETS R . Tl T 8 5 R A 38 HEAICUR () A5 X BTk 530018 19.3%. 28.3%. 43.4% Fil 8.9%, Hirf
DT IR A e 14 R Tl T G Y5 3R B 0 T - U6t 7 o 4 S 5 e R A7 Tl Vs YL s

3 4518 (Conclusion)

(1) i) 7% 7 V-2 U6 75 3 2 VLR T 42 )| V., Cr., Co. Ni, Cu, Zn, Cd. Pb JUE AY-F-3 & 8
A T VRV TR T (L, 28 W T - 9 U Y 8 A 4 S 5 L.

(2)#E4:J& V. Cr. Co. Ni, Cu, Zn. Cd. Pb [y 7% it %5 [ 43 A 4R B 22 R0k, (H2 A\ P e & 8 1 &
(B DX 2 H BEE PP AT Bl 2 4 X HL S 0 O e A — 50k, 2 A o 4 J 2 0] 0 A 52 NS TE sl g K.

(3) R4 A B 5 B ml 0 VO AR BE TS Y Cr, Co. Ni, Pb ¥ EET5 % 1 Cu, Zn, Cd N 5L,
I F R R T A AT B R R ICT 4 Aok, 8 PR 4 J& o 375 Y 52 22 R 2R 5 W 1 Vg - B S R Vo2
Bk [ XA A XL AR A AR TR 4R Zn A1 Cd JC R FE Bk H TA G HES JR; Ni, Cr, Co #1 Cu &
ZORA T Tl T5 4L B4 8 P 2R A T A @ HEROIR. 4 i Y I i A X 5T ik e s 98 Tl s 4
TR FI NS T AR 17 By X6] 7 1 - v U 745 T 4 Jam U e AT 22 S ), i S PR B85 YA A2 rh X b 1 A i ) .

HOg: ORI R SR AR AR AL B
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