ISSN 1009-2722
CN37-1475/P

TR L SR

Marine Geology Frontiers

5% 39 &5 6 1
Vol 39 No 6

T, BT, ENSE, 45, =TI HTR T EA RETT R MG | R RS 3T (1] ML ATHY, 2023, 39(6): 32-45.

TIAN Yuan, CAO Ke, YIN Ping, et al. Distribution, sources and environmental risk assessment on potential toxic elements in soils along coast

of Sanmen Bay[J]. Marine Geology Frontiers, 2023, 39(6): 32-45.

ZNEAFRIEBEERELE=SH KR
R TR XL B o

W, WISk, RET, S Kk
CHp o R Jm T 5 Y T M R 9 T, 5 5% 266237)

B P B AEAETE (PTEs) Sl sk o) AR ARG A = E B, IR
RESN TASKREEALAELENL, ATWIL=Z11E LA LE T PTEs 4% 5 F 44
BRERRR, EZNNELRIANADARKET 36 A3 LB HITTLER LT Y L
MBEBWJE 10 A+ PTEs & Si Al Fe = TOC & 447, #| A4 X WA £ o 54T T R
SRR (LEIERE) (GB15618—2018) £ RAF (EF) A#HF 5 £35% (PI)

BB EZNE T F4840 (RI) AR BITT RERE RN, EREWA, RERHETE
A X T s 2 TR, PR 23 G4 B ARG & AT & (1A >30%), HAR T
BRI G & A (>60%) o bR 23R E B R B RALRIE, iR TE R £
HE2AM LKL RRIARY T R, 13 PTEs kL 2 IR L@ T sdgimey
DoAY, T3 g AR FARK A Hg>Cd>Sb>As>Pb>Ni>Cr>Co>Zn> Cu, Hg T%
BHMEE PESERPESEG L3 LA A 27.8%.2.8% F2 2.8%. Cd.Sb.As #= Pb
5 HH 13.9%.8.3%.8.3% Fo 16.7% #3545 A% E 4. PIMAR F,5.6% 93512 A EfeE
JEF 4, RIMART, 16.7% Wgshiast T ASKEAKF, L Hgfo Cd 2 A TR T 44.8% Fo
25.9%. ABK MR E RS2 AP, Cu.Zn.Cr.Ni,Co.As.Sb £-&% A R KRR, 22 R Lk,
EHEARA R LB pHF R EF9H o, Pb.Cd. Hg 2 &AL REUALBFALEF

KRR =11 B3 B BER ELL TN

hE 52 5:P736.4 CHRFRIRED: A

hill3

0 5l

R IR P B B U R (PTEs) B 2
— BRI, 2 xR MR B W A R A, X

ks HER: 2022-04-24

BBNIRE b B AR I ECHT L T A Al R M BT A

(DD20190276) ; [ 5 &S & R ERORF 1] A 15 Bk 1 “30) 10 = A
A APPSR HBER VLN L HIBIFE” (SQ2019YFE012389); T & i 191 /= i HIBF
FEIE “Fe TR R XA T 11 S ARV sk IR )

e HIT(1989—), B, i, B\ SHGT 5 i i SR R
J7 i AYAFSE TAE. E-mail: yuantian@ouc.edu.cn

*EWAEE: WEI(1983—), B, WA, ST, 32 5 VR T
A WFFE TAF. E-mail: cdutck@163.com

DOI:10.16028/j.1009-2722.2022.132

— TR AR ATEAE, BT, PTEs — B 2Rk R
Kz BB TT R R AR,
T I IR T PTES (197 5 R0 S 55 BRI
HS YL AT R IR E ALK
43, R 2R 6] B2 SR AR 74, IR 2
KR FAE A R A 40 ) o AR [ e 22 54 1
FE, BRI, TR AT (1Y) TR,
TEHIREN T, 2RISR, Y, Y, FERAH %
{9 B 0], I 25 98 1 R P RS, 4% T 25 1o
TR RV BE (5 RIR ML, 7022 76 5 A 25 1) 6 e 1
PR B T OE . 8RR e
T 2 N2 1 1 B, R ) Tl i DO, A0
Bk -4 rh PTEs 15 4 semk A ki | ok
i R I 1) P 7T 28 (25 ()43 R AR T s A, %


https://doi.org/10.16028/j.1009-2722.2022.132
mailto:yuantian@ouc.edu.cn
mailto:cdutck@163.com

F39% 5 6

HITT, 2 =1 1R LHRE A TECR 0 | ORIE IR XS P 33

AR S A U . 3% PTEs 75
el H A, B T ARk e

Sl A T LA SR, o T T R T AR I
3 PTEs 2 A\JIE S H 25551 . nifg
AR S v R 200 2 R BE M 5 0 X, %
JEs A [ SRS HE R R  PTEs S80I Y5 il
T E B R A B AR B
R4 = T2l T K . K2 LR Rk
B/ Sk A B [ 3R K IR A v, O ELYE 4R

Wi Y R PTEs ELAT MERCAR . 5% B |

TP 00 25 15 R o B T A R T R T 4
(R, 285 N T AR 3 7 T v A e
DAL, A X g X -4 P PTES (OBFSE, AL
23 )M REE S AT IR, AT A BRI 45 TR AR )
SRR

VT M X v [ 28 T o 2k 1 (X
—, NV, IR s KPR S 7 %
i, NI xR AR A T R
WA 55— UGV, =1 IV M X (0 2 B AT L
AR T K R T TR AR R G A S R o
WG, SBOT — RGP, W etk T
R EREZH e A RS B
g TV VIS AR A EL A T R T ARG
g PSR B A RN R SRR Y,
T35 HE I WA K U 1 B 2,
IR 9725 A A FLPE R 39 PTEs 35 541, 5 0 &1
RIS W TP A - 52 B A 208 Bh B (PR i
A, AE 3t 22 1 30 AR I], AT Sh o B
TV 2 v P 16 TV R RS, S TR
T 137.16 km™™, [, Ao/ AT RS,
A% T 04 AT b 1 A5 A K T B2 Ak R i K 4
TR R . ASBIFSOE i % SR LU
ERAL ST R ST, T AR IX 48N 48 PTEs &%
AR e AR [ 4 1 P e AR T £
HERSBL, o =TT S R ST IX 5 PTESs BREE S
AT, JE4RIT PTEs (AT RE IR

1 X

=TT WA A, Sl M2
), = TTRBE, AR, S8 TS .
FA R Ll KA AL FE i R A T
(S, YR IRAM TARI A . I P
B TR BATEE AW =R, RS

L4124 m’, 35 2020 4EGEHEE, F1E AT 164.3 77,
B PN A 77 RE 1 558.9 42T, =Rk L 4 il
10.6%. 45.1% F1 44.3% % = 1785 i Ab 7 B
MR WS X, 2R W, B 2R AR, Bk
FHEIRSE T, X RIEE T ZX KT, 247
YJAEREIK A 1 372.4~1 650.0 mm, {HFFKZ=T5 /045
A, 3—9 H K2 5 AR 80% 7, =1
SRR, 2 425 m, Bz 775 m
DX 3P PSS T 2By R K L 1 S IR T B
AL LT | B, LA e AR R OURR A B
KRR o, AR TR 5 R A

2 FRACRESIITTE

21 N SHmAKE

F 5% X 78 Al (28059 22.19 " —29°23 '22.68 "N,
121°28'40.39"—121°57'16.26"E ) ¥ 15 — - fili b e 76
5 (B D, APk (Rt A) L IR B) L AT
(I ©) FES i (Jiik D)4 A~/ k. T 2020
AERAE T 36 A uli (Y R)E R (0~20 cm) .
i HR I 3l PN A ] ) b 550 28 AR RIS ] 1 N 20 3h %
0, DT L TR T vt iR URE S A

2.2 HIEMIKLESR

TR BRI IR XU 25 Sk ik
Si. Al. Fe. Cr %/ Axios PW4400 #4T X 5 £k 75¢
FeIGiE 43 HT (XRF); JTGE As. Sb, Hg % AFS-920
BGHE T2 63k v 647 20 Bl ik; Cu. Pb. Zn,
Ni., Co. Cd % i Thermo X Series 2 %5 B 114 Jfi ji%
AT R i BRI 5 A5 S AR T3 (ICP-MS ) A3 Al i
+ S A PR (TOC) K Carlo-Erba ¥, HHICE 4
BHACINE . IR AR (pH) B 52 2 18 [ K 3R BT
PRAP R (HI962—2018) , SR LA, LK 4R
F, 7K 4 F 2.5:1, WTW pH3110 TR E
JIT A A AE 11 SR 9 RS0 Vg Y Joi 5 38 )
DT
2.3 RIS

FH XS AT S 06 8 R G i e PR A
FrR AT o B PR BER FH 30 mL XA K %
(15%) & FHaEAB I 1 h LIEBRELE . H
PRI 3 )5, AR Stoke JFHL, FHULRFIAIR



34 Marine Geology Frontiers ML T

2023 4E 6 A

29.2°

20.0°
i

e

|

4 B N
>

Jon ‘SMfgs.u/SfU: 5:"*,"‘\ \
\ 1\ s ,"‘ -'(’-ﬁ%?\

A

~

121

122.0°E

1 TEFERRERA
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Table 1  Standard of risk control on soil contamination in agricultural land
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Fig.2 Distribution of potential toxic elements in soils along coast of Sanmen Bay
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Table 2 Concentration of potential toxic elements in soils along coast of Sanmen Bay

ng/g
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Fig.3 X-ray powder diffraction patterns of the soils along the coast of Sanmen Bay (<2 pm)
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Table 3 Content of clay minerals in the soils along coast of Sanmen Bay
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Fig.4 Ternary diagram of clay minerals
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Table 4 Toxicity coefficients and background concentration of potential toxic elements

JCE Cu Pb Zn Cr Ni Co cd As Sb Hg SCHRA IR
‘HAKANSON
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11.3 9.2 0.133 6.6 0.52 0.044
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Table 5 Indices of soil environmental quality
(based on risk filter value)

JLE Cu Pb Zn Cr Ni Cd As Hg

B/AME 010 013 023 0.08 0.10 022 0.05 001
wKE 071 073 056 067 076 090 0.63 0.15
EEME 029 029 033 032 023 044 035 0.03

422 FHEAT

=15+ 350K BF FIE R/ MRIK R : Hg>
Cd>Sb>As>Pb>Ni>Cr>Co>Zn>Cu, Cu, Zn,
Co. Cr I Ni &R, V1 E 4 5% 0.86~0.94,
FiA 7 EF ¥ <1.5, EF {H<<1.5 a[i\ Ny +3Ep
i) PTEs /& F AR AL IES R, Tois (K S) . W AR
JEIR R Hg TR, F2 s 4R 27.8%, thas s A
S N 2.8%. Cd. Sb. As I Pb 23 A
13.9%. 8.3%. 8.3% Fl 16.7% I 3k {37 1y 4% 1 & 4
(#£6).
423 AT 5 HRIEH

WF5E X P 2 15 Y48 5 PLAE AT 0.90~3.35,
11360 5T X KI5 YL A F CF oy E XN Y
PTEs, 7F 36.1% M3 {ii & Hg, 22.2% 1354 R Cd,
25.0% (37K As, 13.9% HUVEA A Sb, 2.8% (K3
K Nio 434 L, WF5E X sk b ViF 4 S s Y
HFIoo R 2N He, 1 P-4 EZ0N Cd M As,
WA ARIE, 86.1%(32 AN IS {4k T rh 4575
PR A, 2.8%( 1A ) By ub 7 Sk = EH 5 U, 2.8%
(LA W RS YL (L 6) .
424 Bk EREIEN

PG A S S HE B E, B, DFSE IX & i 37 1
1% PTEs Cu, Pb. Zn. Cr. Ni, Co. As. Sb ¥4 {k4:
XU Cd TE 66.7%(24 4~ By sl 57 A AR AR 25 KU
33.3%(12 4~ iyl Ar kg v AR 28 XU s Hg X 11.1%
(44> By sl 7 Ak F IR A= A KU 7K, 77.8%(28 1)
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xo6 TEEEAEREEERT
Table 6 Enrichment factors of potential toxic elements in the soil samples
Cu Pb Zn Cr Ni Co Cd As Hg Sb
HME 0.56 0.71 0.72 0.38 0.61 0.48 0.29 0.34 0.70 0.55
EF 2N} 1.38 2.02 1.21 1.13 1.19 1.43 2.80 1.87 5.24 1.72
P {E 0.86 1.04 0.88 0.92 0.94 0.89 1.20 1.09 L.61 1.19
<15 100 83.3 100 100 100 100 86.1 91.7 66.6 91.7
‘ 1.5~3 0 16.7 0 0 0 0 139 8.3 27.8 8.3
EF[X 8] Et451/%
3~5 0 0 0 0 0 0 0 0 2.8 0
5~10 0 0 0 0 0 0 0 0 2.8 0

(s A7 A T AR S XU K, B AT 8.3%(3 4~) Fll
2.8%( 1A 11 3 437 Ak 5 o R R AR 2 XU 7K -
Hg 14 v i A 285 AU 3 A7 46 P e it 30 C 1 i, oo
FO R Ol DT 5 A S R, I Sy YR
ICE

LRGN H5 8 RI A 82.6~260.6, 11
130.7, 7ERTBST 350 PTEs & Ab TR A 28 XU
I BRI (18] 7)o o 83.3%(30 AN) 1yl for b T

AR, 16.7%(6 A4 Il A 4 T A= 25 XU
Ko S TR B KB MK R : Hg> Cd> As>
Sb>Pb>Ni>Co>Cu>>Cr>Zn, Hg fl Cd 435Il 5%
W7 44.8% F125.9%.
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Fig.6  Distribution of potential ecological risk pollution index
and pollution index of potential toxic elements

%:(0.77,P< 0.01)#h, Cu. Zn, Cr. Ni, Co. As i
Z[E) B2 JR b AH 5 R B R A E (> 0.8, P<<0.01),
R X ST R A ML R TR . BR As Fl Sb 5
Al1(0.75, P<< 0.01) 5 AHICHR, X LT R 5I0FK Si.
Al FI Fe Ji7 7R b #H ¢ R B B i A G (> 0.8, P<
0.01). T1fi Al, Fe. Si Fl+ PR WL R %]
FHOE, SRl e R R AT A ) E 22 7=,
AR TE 2655 X BT A R AR e,
AN, TOC oA B s . T WK B RRAE, AN
5% 128 PETs M, 5 TOC B MAMK KR, X+
T2 B I ARG . UAAHEE 1 28 PTEs &
TR ASRCKRIE . 55 225 Pb, Cd fil Hg, HHr, Cd
5 Hg 745 H 4 M 51 (0.47, 0.50, P<0.01), Pb 5
Hg M A% (0.66, P<0.01), BLHI B2 04 EHH
LB AT
432 ERHSHH

F L (PCA) il 3 A4t A /D 1) A8 e i
KI5 5 . 7F PTEs 15 4 5%
S T DK BCHE AR URFAE Y PTEs #1743
2, HE T 43 BT H AT R AR IR L R R ik
%f PTEs JE47 K PR 43 M7, 45 5 W i IS 53 19
7 2 BTHRR AR 69.5% F1 13.8%, RFJT 2 5Tk

®17 ZNEBRTEBERSITE Pearson XK

The Pearson correlation matrix of potential toxic elements in soils along coast of Sanmen Bay
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Fig.7 Box plots of potential ecological risk index
of potential toxic elements
Table 7
Cu Pb Zn Cr Ni Co Cd
Cu 1

Pb  —0.47** 1

Zn  091**  -0.30 1

Cr  0.93*%* —0.59%* (.85%* 1

Ni  0.94%* —0.57** 0.87** 0.99%* 1

Co  0.92*%* —0.58%* 0.87** 0.98** 0.99** 1

Cd 0.17 0.31 0.19 -0.02  —-0.02 —0.04 1

As  0.89%* —0.54%* 0.77** 0.91** 091** 091** —0.02 1

Hg —0.33* 0.66%* —0.32 —0.43%% —045%* —0.49%* 047** —0.43%* 1

Sb o 0.71%%  —0.19  0.55%¥* 0.66*%*  0.64** 0.62** 024  0.79%* 0.01 1

Si —0.92%* 0.59** —0.90** —0.95** —0.96** —0.95** 0.02 —0.89** 0.46%* —0.63** 1

Al 0.82%% —0.41** 091** 083** 0.86** 0.87** —0.05 0.75** —0.42% 0.50%* —0.92%* 1

Fe  0.92** —0.59** 0.89** 097** 0.98** 0.99** —0.03 0.93** —0.50*%* 0.63** —0.97** 0.89%* 1

TOC —0.51%* 0.46** —0.49** —0.55%* —0.57** —0.61** 0.50** —0.66** 0.62** —0.36* 0.56** —0.49** —0.62** 1
pH  0.79%* —0.71** 0.65** 0.87** 0.85** 0.82** —0.16 0.85%* —0.49%* 0.57** —0.84** 0.63** 0.83** —0.64** 1

FE: #Ep<0.017K T2 (R s *1E p<0.05/K 23 WD
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ik 83.3%, BLHHIX 2 A~ OB R4 K2 4L
JTLEFE.
—F W4 PCL 1 W {EA # 0K Cu, Zn, Cr.
Ni. Co. As. Sb #fi#K; JLE Si. Al, Fe Fl pH 1
BRREAT, Al Z W EZANoTER, 75 -5
Bhioh ke, K e R ES RO - HEE
PV SR Si eI E I B B, Fe R EAE
TE T ANFOR Y 5 R, Si Al Fe l 48718 3 ARG HLAR A
Ao 3 pH A4 e BRAL AR A 0%, 32 3 4 b
AN - LR TRRBE S T AR MR 4 4y
B EAr R oAt s BEARL(ER 8. 81 8), #/7E PC1
A B I 2007 (0.77~0.97, -7 0.89), 1 PC2
RBAR A TR AT o HEZ IR S R (36 7)), X
LETE A BRI SR IEAHSCE R (jr>0.7, p<0.01) .
FW] T X L PTEs A B AR KR, 52 2 B+ BF
BT, AU . T pH SR s . Kk
ALK PCL AR B AR £
55 RS PC2 1 Pb., Cd. Hg XA 8 A28
ff (0.69. 0.83, 0.84), *F#4 EF {54 >1, 1M Hg A% #x
K EF {HHE &1k 5] T 5.24, X EE50 K I W32 8 A%

®8 ZEBFEIEEEASTRERM S ERE

Table 8 Rotation component matrix of potential toxic
elements in the soils along coast of Sanmen Bay

[H - #nr et )

A
PC1 PC2
Cu 0.966 -0.103
Pb —0.403 0.687
Zn 0.919 —0.055
Cr 0.937 -0.279
Ni 0.942 -0.282
Co 0.926 -0.319
cd 0.249 0.826
As 0.904 -0.276
Hg -0.239 0.835
Sb 0.775 0.162
Si —0.934 0.288
Al 0.848 —0.234
Fe 0.933 —0.324
TOC —0.450 0.686
pH 0.769 —0.453
RHAIE 9.356 3.146
T3 ZETTRRE /% 62.375 20.973
FHTT Z TR % 62.375 83.349

T BRI NIRRT 223 TR AE3 UGE RS il

TSRS . E IR C AY S1—S5 ¥4, Pb, Cd Al
Hg 1 5 B I (9 8 T - 895 o (H, X T Re Ak 1
sl (o7 B ST P H R S ) A O, EOR B RREHAT HAE
FERIRE AR He JRA TG 3, i KA F BT A
1Y cd A B TS S H2, HS A
S12 uhifof HUREA B I T 3838 118, IR R A
JREEI R =2 5 Pb, Cd TS Y, 25 1l i Bis3E
J T e Cd e e A i T A S 1
serp, R s cdmar e+
HE TOC 7£ PC2 Hr#k far ik 2 0.69, FR WA LA 4b
i A A LTI T W L 45 S B Ak 2 VR I
T EARITTENESE, FiL, PC2AERT Tk, 4
NS ST YN SE TP S/ S el
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Fig.8 Loading plot of potential toxic elements (PTEs)

in coastal soil of Sanmen Bay
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(D=1 4 Al 44 10 F PTEs H,
Cu. Zn, Cr, Ni, Co HJF-I{E I T~ X duf + B 5
Pb. As. Cd. Hg il Sb P4 {H i T 3y 5t

(2)MRPEFE L0 P T 25 21, Klﬁlfmﬁimi
SFE B A R 2 S A 1 RS D A A
SRR AT R CFI4(E > 30%) , 1A SRR
A HEAHXT R (>60%) o FRB =1 TV Y R LU R)F Jit
48 BRI T A MR KA, Y ROF R X
BRI TURRY), B S A TR el
RCE . BEAh, L [E]SF 5 A1 pH £ <5.5, AsmiR P
13, MR R X I pH 24> 8, sk 0,

(3) ¥5 - HEAA BT i B b vfE (GB 15618—2018) 1
WaE R BIR, 8 Fl(Co. Sb %A S %briE) TLE T
PELIAIR T - 408 P05 o s v DRSS O R 1L, AR AT,
— N OL T AT LAZ S . EF {Hi87%, Cu. Zn. Cr. Ni,
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8.3% 1 16.7% I AR E 4. B HERERK
[) Hg TCEAE 27.8% B 521 e 48, 2.8% Muhifi
HhAEE AR, 2.8% MY AP A E R A . WIS TREL
R, 2 NSO TR V5 YR A, 86.1% HIuh Ak
TG YRAS, 2.8% MU N E TG 5, 2.8% 1Y
SR RS G o TR AR A KU AN 2 R R,
83.3% YA AR, 16.7% B350 K A KU

(4) F B4 FIAR G P43 BT R B, 5 IX 1 1
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Distribution, sources and environmental risk assessment on potential toxic
elements in soils along coast of Sanmen Bay

TIAN Yuan, CAO Ke*, YIN Ping, GAO Fei, DUAN Xiaoyong, LV Shenghua, CHEN Xiaoying
(Qingdao Institute of Marine Geology, China Geological Survey, Qingdao 266237, China)

Abstract: The accumulation of potential toxic elements (PTEs) in soil through the food chain poses a serious
threat to human health. Therefore, it is important to investigate the concentration of PTEs in soil for ecological and
environmental safety. To identify the content, distribution, and main sources of PTEs in soils along coast of San-
men Bay, Zhejiang, soil samples were collected in 36 sites in four sub-basins along Sanmen Bay. The analyses of
clay minerals, pH, 10 PTEs, Si, Al, Fe, and TOC in the soils were performed. Source analysis of PTEs was per-
formed using correlation and principal component analysis. Assessment on environmental risk of PTEs based on
the Soil Environmental Quality (China National Standard GB 15618—2018), Enrichment Factor (EF), Nemerow
Pollution Index (PI), and Potential Ecological Risk Pollution Index (RI) was conducted. Results show that the clay
mineral composition of soils in different geomorphic units varied significantly. In comparison, the proportions of
kaolinite and chlorite in the intermontane plain soils were relatively high (>30% on average), and that of illite in
the marine plain was relatively high (> 60%). The intermontane plain soils are mainly from local weathered par-
ent rocks, while the marine accumulation plain soils are mainly modified by sediment from the Changjiang
(Yangtze) River during the historical period. The concentration of soil PTEs shows an increasing trend from up-
stream to downstream in all sub-basins. The order in average enrichment of PTEs from high to low was Hg, Cd,
Sb, As, Pb, Ni, Cr, Co, Zn, and Cu. In addition, 27.8%, 2.8%, and 2.8% of the sites were in minor enrichment,
moderate enrichment, and moderately-severe enrichment in Hg, respectively; 13.9%, 8.3%, 8.3%, and 16.7% of
the sites were in minor enrichment in Cd, Sb, As, and Pb, respectively. PI values showed that 86.1%, 2.8%, and
2.8% of the sites were moderately polluted, heavily polluted, and severely polluted, respectively. RI values
showed that 16.7% of the sites ranked in ecological grade of moderate risk, whose Hg and Cd were amounted to
44.8% and 25.9%, respectively. The correlation and principal component analysis suggested that Cu, Zn, Cr, Ni,
Co, As, and Sb were mainly in natural origination from soil-forming parent rocks, soil mechanical composition,
soil pH, etc. On the other hand, Pb, Cd, and Hg were mainly anthropogenic from activities of industry, agriculture,
and transportation.

Key words: Sanmen Bay; soil; clay minerals; potential toxic elements; pollution assessment
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