ISSN 1009-2722
CN37-1475/P

VY ML ST RIT T

Marine Geology Frontiers

9538 B 7 W
Vol 38 No 7

FWET, TAKEL. H MR 2 OO E 68 15 RPN LG~ 45 75 D). PR TR T, 2022, 38(7): 63-74.

WANG Xiaoyu, WANG Yonghong. Evaluation of heavy metal pollution and their magnetic indicators in beach surface sediments in Rizhao

City[J]. Marine Geology Frontiers, 2022, 38(7): 63-74.

HRMEMREARMES BTN EEFIET

s i
C1 VPR R 2RI Bk B 2224 058, 75 55 266100; 2 M RAN2E SN H AR HE T E ALK =, 5 266100)

W ERRBA LA HIE BT ARG, LR ERBRY T THELETE (Cr,
Ni.V.Fe.Zn.Co.Pb) #9423 47M X, -8 A 3 B BRIGHOE AT 5 FR VAT T 7046 B AT
Stk B ITAR M 04 Bk A RAT RALREAC B e B N EEF AKX, &R AW, PR R BRI
FENBRBR, R ELBATABRETEIRRGE, E2BITRREILAFT L ERIET 2,
FIMRARIA R E N R B RS TS AE S F 284 5 M A — B, BBk 09 dh A &
A %ok (MD) ey £ R A Rskmetkadh, B3 FARSHILEL ELELTHE
JEEARR M, T AR RIRE R T WAL T Ok

KBEIR): TRILRL s E o fbos 77 F BN RRIUAR s s B R

hE 5 2S5:P736.4; X55 SCHERFRIRED: A

0 515

I 25 VT b DX 388 1 AL TR (94 1, YA B X
TS Y O IX, b 4 IS e R L A
M FIXEVA B, Bk B 7 A 3 i TS ey
22— TR B O R 4 R S e 1
LEAHs” W BHE U b 1 T 4 R 7R K AR 4%
PR AR S LR, 3t — R A AL R
P P TR AR K v, BT 6 B BRAE F 0k
T R K B2 (R AE B R, Bk
YR SR TR 4 T 43 R 15 et TRRE T4 h
O 2F 18 1 %W 22 [ Limbe 76 Fe. Mn. Ni
s 8 il e 4 A T 2 0 A B R TI 0k K2 43T, 0
PR T A R VS Y U s xR KwaZulu-

Wis AR 2021-02-19

BENTE - [ K U R BRI O o 3 AR B ) B 3 AT
G IR R TR T A B B R SRR LI (9 K 1D AR R Y IR A
(2016 YFC0402602) ; IR [ 8B4 354 “BE TROBI IRy ik i B it 3=
ORI RS AR I REMEIZ T (41376054), “riv IR R 46 U8
JB DX T A R e A R PR DR R 9 (41176039)

{EZB v THEF(1993—), B, Wi+, T8N FREPEDBLE T i AATSE T
k. E-mail: 511612315@qq.com

*BIIEE : EKLL(1969—), 2, Tt R, 32 B NSl P o BRI 45
FFTHIHISE TAE. E-mail: yonghongw@ouc.edu.cn

DOI:10.16028/j.1009-2722.2021.038

Natal {##fEHP Cr, Cu, Cd %5 7 F &R LR &
SEA TN i B 407, 0087 1 4 T TS ok KT B
HAFAE = ) Cr 1 Hg V5™ . Bpgar™ | b
pria™ g™, e we o At
BRI 2 2 [ AR 2 R R L
TREE A RIS Y I, I 20 H ) T 4 75 ek
T T

S 52 AR T 0 4 R 5 e 7 SR HH M BR
S A ML G TFBOR ST, IRk, % PR
R (R O AR 2 BT 00 L S g
S RIS YT 4 Ak, B PR R B ROk IR
W ) B 4 R VS e R O, B T R FIRICR. B
A e E AR
F B HEME BOTRFT, ik e 57 PR B 2 0 T 4
RIS YIS R R ASC AR R AL
SR, AT T R TR T AR A A R
S IRTEYAE I FI IR R 7 I T H R
KRV E &85 P 045 R Ve

1 B X AR
IR H T TE R ER X, 5 MR

At BRI A AR Fooh R 1R, Bk
RIER—HR . R R R R


https://doi.org/10.16028/j.1009-2722.2021.038
https://doi.org/10.16028/j.1009-2722.2021.038
mailto:511612315@qq.com
mailto:yonghongw@ouc.edu.cn

64 Marine Geology Frontiers ML T

202247 A

H R A O TR L AR, e b P B, I
SEMRATE R, (X P9 R R A S AR AL
I, MR BRI L T A BT | (T 5 S 4
VLA AR T 53 A A RS /N R
FRFJ5L, VT 10 3 X T A IS AT 11 = F
BFSE X B T IR B m K X, B2 i
L, K ZIEL T, 4—8 AT FI AR iR, 9—
WA 5 A BEATALEIZR AL KL AR H IR A F I 0
Wt Rk, L T s O B MU 9 T R B, SR i
7 1.21 m, F3 5807 4.23 m, F342% 3 m, 53
W1 M NE [, B e swom Y B s Ak

119°82'

37°47

35°46/ |

ZAETHE E—-NE—NEE J5 [, #/14 ENE [, Horf,
W IR A N ], SR 10%; CH KR A S 0], SR
9%:; IR LA E 1] 7 3=, MR 23%, 32 2= KGR, 4
4 4—9 A, BF5E X8R 2L SE 18] XUR R 3, 10— 4R
3 7, LUNE [k 3",

VEAERIR AT T I AR B R T B L X A
FR U, VR BE 7.31 km, FERF 225 m”" L %Rk
FEMFRE, AORIER . FEA KSR,
TRE MRS IR ™ S, ) g e 452 ot bl A ™ B, Vg v
KAt AEtEHES (B 1),

119°24'00" 119°24'36" E

(a) bR R HETS 15 (b) VeIt RS 1
1 MREMAERNEERLE

Fig.1 Location of the study area and measurement sampling points

2 TAEFHEE

2.1 FFHNTIE

2,11 BRAntrABEEA R () ME

DA AR BRURG Ak 238 (i) D ot 152 25 328 9% (] Bart-
ington MS2 141k R AY, #5HiL Bartington MS 2D 3% [
PR, ST XSRS VIR i T . 4
AT 2% VR J52 LT M 2 TR DT AR A 2 R e, DU oA

o7 A (B B X5 5 L T AR T 1) SR, A T Xk
(WU ] S AR ARAL | HEZK A 55 )t 22 18 fin 4t
FUOE, TR 247 A kB, W) I 7E g A W) 5 504 P
Trimble Geo 7X GPS XJiZ s WAL AR#EATIC % (18 1)
212 #HawiRE

FE 2018 4% 9 1, XPHF5E XS it 47 R A .
5% DXl v 4 B2 55 43, BB 100~200 m R 53—
FRAEARAER I . B 2RE T F XU Foe, 5P% 10 m
BN T AURE S, EAREIZREE I, 7E HURE 5 (1 9
BUNTRERIZ 5 em DL R Z VIR (2



E38EH T

EWET, FF: H IR R DU E S R 15 o Sl 65

800 g), B AR LA IT B £, 78 5 &8I (P1—
P5) b3 22 MR (A 44 LU PA-B, A T
LR, B SRR ), BRI & 5 3548 Trimble
Geo 7X GPS XJiZ s A AR A Tic sk (K 1) .

22 ERIE

221 EEEREEF AN E

PR SRR TR, BR oRiA2 >2 mm (1Y%
A1, i 0.063 mm JE BT &, 2 J5 HH sk
TEHUERE S 22 J 1~2, 0.5~1, 0.25~0.5, 0.125~
0.25. 0.063~0.125 mm & 54~k 2% 110 4B 5 o
fifi FH OLYMPUS SZX16 1A # 5t 2% f 3 5% W 5 %)
WiF2h 0.5~1, 0.25~0.5, 0.125~0.25, 0.063~
0.125 mm MY UTELY), DL IS [ 47 4% 11 L PN A9
P W) o Al O

B2 5 g Bf SRS [E, B 1 7 AR 1 RR
&, fd A [E Bartington MS2 #E4LRAL, £ MS
2B SR Sk, 7E 0.1 F1 1.0 K5 5 Gk % 4 w4 1k 5%
<20 fH A 0.1 KR, >20 {1 1.0 K5 5E) T, 2 5%t
110 AN X B (AR (0.47 kHz) REAL R xie) RS
(4.7 kHz) BEALZE Oyng) HEA TN 6 o BRAEIINBERSL,
AR S B ) RG AL SR AR AR R 5 2 A BT A
B AR, B e, T CH EE 2R

fii ] D-TECH 2000 22 4% 1R #% 4% Fl1 Minispin Ji¢
i 1AL, #E 0.04 mT /) B EE F 100 mT 958
ARGV T, Xl X G2 004 TR R TR 1 (ARM)
R0

6T ik v s 13 ASCARR R S Xk 2 it o i Ay
1.5 T, =20 mT, =100 mT, =300 mT Ay %37 . Jitifin
W% 2 )5, S M Molspin JiE % % A6 I %)
SIATEFR TG (IRM) I . KR e 1.5 T #id
FARAHHY IRM BEFR R R A AR F# (SIRM) .

VI RS EE G I 3 W, BOFHIE.

i FH R B A ST R S B 2 BT SR AR
(xtase) B HE R BCS 100v S a00) S AW Bl Wi 1 AL R
XARM-FHEILR y B FLIES L xarm/x )

Xtd% = Qvie — xnf) [xie X 100% (1)
S_ = (SIRM—IRM_ka) / (2xSIRM ) ,

k=100, 300 (2)
XARM = ARM/0.318 4 (3)

222 TEEBAEMNERITERYN
2221 ELEEGENE
TE XA 8 /17, SR FH R AR bR v

BERPTEY 12 Fh 42 )8 70 2 09 I 2 F 7K i B Jk
A SR RS (HT 803-2016) ) A4 5 B XA
ST R A B Y, 2 5 T 36 [ Agilent 43 A
19 7500C HLJEHE G 55 B 1A BT (ICP-MS) XA
i/ Cd. Cr, Co. Fe, Ni, V. Zn, Pb [J & & 17
W

W B v, BEA R 3T IR SR 3 K, IFH
] 5% 30 V6 16 o DO FR ) 1 43 43 BT A E ) 5T ( GBW
07314) A7 RIS, 3 YCP A7 i g6 A A X i 25 12
TE 5% LA, [N 98%~102%
2222 EEEGIH

AR S M 32 AR FE £07% (Geo-accumulation In-
dex Method, lgeo) KA BIFFE DX 358 14 5 43 Ja 75 YL
Bo Toeodt—FMAIF T KPR VTR Hh 7 4 J 15 e (4 2
SRR, #0120 TR AU 4R T
RN AR

Igeo =10g, (Cy/kBy) (4)
;€ 0 4R S 3

B, HIeE BRI AE TS S(H;

kR % R A 25 T RE A S A AR AR
S R, — Mk = 1.5,

R oo FUBAE /N, T LU i 42 Y
TSYTREE N T NP (1),

£1 ESESTLBESR

Table 1 Heavy metal pollution degree classification

Tgeo i 1H] Bl

Igeo <O FREES
0<lgo <1 KIS
1 <Igeo <2 (CEYEREYS
2 <Ipeo <3 s
3< e <4 R
4<Igeo<5 GIREYS

Igeo > 5 FeE GG

it A OEURT R L AR
W EHFETHE R H TR SR Y
B SR B T 0 T TS T A 4R,
ARSCHAELL HRTTRZE BRI 1 R (5K 2)
VER S ALK IEAT ST X R JZ DA B 45 s 5
P

%2 EERSHTNERE
Table 2 Background value for heavy metal
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Table 3 Heavy metal contents in surface sediments of Taoluo Beach
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Table 6 Comparison of heavy metal contents the study area and other beaches
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Table 7 Correlation between magnetic parameters and heavy metal content
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Table 8 Linear fitting between y and heavy metal
geoaccumulation index
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Evaluation of heavy metal pollution and their magnetic indicators in
beach surface sediments in Rizhao City

. 12 1,2%
WANG Xiaoyu ~, WANG Yonghong
(1 College of Marine Geosciences, Ocean University of China, Qingdao 266100, China;
2 Key Laboratory of Submarine Geosciences and Prospecting Techniques, Qingdao 266100, China)

Abstract: Seven heavy metal elements (Cr, Ni, V, Fe, Zn, Co, Pb) are tested for the surface sediments of the
Taoluo Town beach, Rizhao City, southern Shandong Province. The geoaccumulation index method is adopted to
evaluate the pollution status by heavy metals. At the same time, Both the in-situ magnetic susceptibility () and
indoor magnetic parameters tests are carried out with the magnetic parameters of the surface sediments. The res-
ults show that the overall pollution situation of the study area is quite weak, all are non-polluted or lightly pol-
luted by heavy metal elements, and the sources of heavy metal pollution occur mainly in estuaries and on beaches.
The distribution characteristics of the field volume magnetic susceptibility k and indoor mass magnetic susceptib-
ility yare consistent with the distribution pattern of heavy metal content. The grain type of magnetic particles is
multi-domain (MD), and the magnetic minerals are dominated by ferrimagnetic minerals. Based on the high pos-
itive correlation between y and heavy metal content, a magnetic diagnostic method for heavy metal pollution in the
study area is proposed.

Key words: environmental magnetism; heavy metals; pollution assessment; surface sediment; beach; Rizhao City
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