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Abstract: In order to investigate the temporal and spatial changes of the offshore sedimentary processes such as terrestrial material
input and sedimentation rate in the context of human activities during the past 100 years, the radionuclides **U, **Ra, **Th,
“%Ph, YK and '"'Cs in surface and column sediments in the Bohai Sea region were analyzed using y energy spectrometry. The
horizontal and vertical distribution characteristics of radionuclides in the sediments of the Bohai Sea were obvious, and the
radionuclides **U, **Ra and ““Pb in the uranium decay series were unbalanced. **Th and *°Pb were significantly affected by
sediment grain size and organic carbon. The correlation between **U and **Ra, **Th, ""K was obvious. There were significant
temporal and spatial differences in the ratios of **Ra/**U, **Th/**U and *’K/**U. The influence of terrestrial input of Bohai Sea

sediments extends from southwest to northeast. Affected by rivers, the sediments in the northern and southern Bohai Sea material
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input were unstable and fluctuated significantly in recent decades. The sedimentation rate calculated by the *’Pb,, and ''Cs dating

methods in the Bohai Sea in the past 100 years was within the background value of the sedimentation rate research in the offshore

China. Spatially, the sedimentation rate was at the same level in the northern part, central part and southern part, among which it

was relatively high in the northern part. Temporally speaking, the sedimentation rate of the Bohai Sea fluctuated with time in the

past 100 years and showed an overall increasing trend, especially since 1980, under the influence of human activities, the increase

was significant, corresponding to the changes in sediment input.

Key words: radionuclide; sedimentation rate; Bohai Sea; sedimentary environment; evolution; geochemistry.

0 5lH

AT VA S8R 4 Bk A IO A B U — Y AR 1Y) R
X, L i AH VR O B 32 N 2R TR s i i 5
HELA B W DR 6 A 4 4516 B AR RN 22 i
S A2 Ak 45 Oy ik 5 2R M (Callaway er al.,
2012). 3 JL 472k, Vi b X Tl Ak Ak A Ak % R
XoF AT VA S A A A R B R ), PR R AR
SITR(TRITI AR N0 RN T S AL S TS N SRk LR}
A ISRy WS RITRE Kb A i T o EA O 0 N e
2015). VLR RIGHE A KT R MR A HE
S VERE R AE N — KB IR O R i T H AR A 1
T AR R R R AR R AT OC R L I AN TR
% 25 0 MR Ak 22 R T 22 5, 3 SO W SRR A v
S PR R S 5 A AR R AN [R] B A% R i VE DTN
RS AIF 5 B A ) 1) A ]ORN 7 53 500, PR T 32 28] of ik
Z ) X (Gulin ez al., 2014) 3 V¢ PR ER 85 BF 58 b
149 490 T K V5 RS I W R R A ) R, DG R X Y
TS 555 0 708 o PR B A R B B, T DA TR B i i v
A EAE AN 20 3 5 e B R (AT,
2011). 75T 1 W B R U5 J5 T, RAR B % R *°U |
2Ra P Th, UK 25 i H Bk Ak 2 4 v T LIRS
TR 5, 48 7 3 v DT AR ) >k R 28 1k OO 45
2020). 75 35 16 4y Jo7 35 96 7 T, S VA% R DL LR
12 AN 32 50 BT S R 4 2 B Bk b R
SR PERZ 2 2P M T A% R W Cs 75 AR B
fi) RRE 0B S5 R ML M AT 52w I S5 M 32
(X 1114, 2008 ; F 48 F1 F 22,2011 ;Du et al.,2019).

I ER L AR 2 B RIL AR A B BT IR ok A
14 Pl R e T g A AT R S 1 Il 540 B B T R A
i, Bl U A VR B (IR IBUIAE L 2010) . @it 1Y
PR FR 322 Sy Hy b B 8 Vi A 0 R N 1) B
WAL, T 1L AR 2 B b 2 ) AR B I U R L LA A
T2V U T RT3 VS R B Y Ry R A I (B IR
B4, 2016). 24 [ K A9 BF 5T UE S92 i A2 BTN
Bl R X 8 1A T 4 DX 3 A B T R R AT

TSR ARGE o BT OB O R R S R S A
A BRI E AR R, N ZETE S5 o T R A B v AR
W 5% i 6 UL 36 . T 0, A 5T DL i O 0 5 IX
A O N | A D S N e o 3 O R =
Y X35, A i 4Ry e R I e O RR A b S
SRR R 50U P Ra 2P Th 2Pb K il ¥"Cs 19 7 &,
G3 BT TR PR A 2200 43 A5 R AT 45 6 DR R B FTTT
FRAAE LB o3 A, 48 35 3T E AR R g 0 R A7) ok U5 RN
TURH A8 4k, DL Ry 30T 96 0 RR AR 5% 36 AR R O A
1% B 11 e 07 A 5T (A O s

1 AR Rs ik

1.1 #HEEE

AT DO RE 5 T 2016 4E 10 A R &, Hid
RIZUURRPIFE L 26 4, 73 A0 T8 A8l 5 AR DUAR
PIRE & 34, W B ) AR AL P e B ), o e i
TN R e I S 0 vl P ) = ST e VA o
K1 f s, AR R U0 AR A il 62 BHOL ., BHO2 F0
BHO3 (% 7K % 43 51 & 21 m .55 m A1 16 m. I L9 Fl
A R Je 2 R, RIZFEMREREY
5 cm, HORFE 5] 50 mm B AR A L BE S A R
B, K EZ) 30 em, 3% 1 em 18] @ B35 U0 |, R 46 B 5
I A8 9 AR A B i A 2 A I bRl B R S
PR i 2104 i (] S 6 2 R AF
1.2 Skt

TURR ) vb B T30S R 4% 25 ) T s 2 8 y BB IS X
(A5 . GEM-MX7080P4 ) il & . J5i 4 UL B K i 42
i HE RS O PR R B AR R SR U
B0 A T R AR R A AR
HRRE i I B ) 5 R 2 B s ) ) B AL B A
1 2 VA I [B) 2E5K R TR B AT T B RS T
RO 25 T, I th % 17100 5 7 2 [ 58 07 B, D0 4 fif
6] A 24 h, W0 5 45 AL IE S SR AR B B DT AR T A
IR R OR T RE L ART RIS — SO0 A o U E



5 12 3

e B W LU0 oS R 3 435 B HOR SRR B8 0 4505

117° 118° 119° 120°
B BRSE DX 3ok S ok 3l 32 70 A
Fig.1 Sampling sites and study area

720 bR e IR (4% 5 - CI130621) iy o [ 34 R 2
WFFE Bt il 25 b a2 . H bR 2805 B2 TH 5 09 RRAE 04 BB i
29 K, U (F 4K #*Th) : 63.20 keV ; *Ra:
295.20 keV.351.90 keV .609.30 ke V 11 120.29 keV ;
Th ( F & *Ra) : 338.70 keV . 911.20 keV A
968.80 keV; ?°Pb: 46.50 keV; “K: 1 460.82 keV;
Cs: 661.66 keV. R H] 4> fig U v 1 AR 158, I
25 J DL BE R, B DARE 5 5 4 45 20 FE & b s
B2 LT B A

TUA AR R 38O B A (5. 1.S13320)
MR, B— B (0.5~1.0 g) 19 LR UL A 9 i
FE R MA 10 % H,O, F1 HC1 2% B A #L 5 4= 9
5 R N 54 S, FH Atk Pk & rp ok AR R R
FH R T ASCHE R i R AT 4 B R M E AR B
Y57 1 UU R RE B B I LR B Y B K
0.02~2 000.00 pm , M #2550 LI R ROR B E
25 R R A R 22N T 2%

TR A HL o B A T R 5 B AL (B 5 : Vario
EL cube) il & . Zexd Mt B BE L3 0 5 A9 DT A4 B
di, R A O 53 22— 43 B K7 W 6 R G it o 00 A
a (10~20 mg) T By AR o4, 3ERE FI, B 5 7E T2 28 b

FN T 60 CHET 2= E E . IS5 2R DT 5 & R
Yk

IR JE(m)

121° 122° 123°E

2 %

2.1 HERBRYPHHEZESEAKTE

WF o8 KSR UT Y i M R R A R
F B Chr o i 22 5 7 A 9 A n 2k 1 s . 3R 2
U ALY O S R A% U P Ra, PP Th, °Pb, “K
MYCs o ¥ & it 4 Bl A 37.64 Bqekg '
25.06 Bqe-kg '. 42.22 Bq-kg ', 71.89 Bq-kg '.
690.00 Bqekg 'l 1.84Bqkg 'l 1 A5 R A% R A F
i, " Ra #A X F B R U = 8L, 7P M X T &
R P Ra b P 4% FR & & 09246 AT DL, Cs
AR S R KR K, Wik 47.83% K A8 S R B R /N AR
9 10.49% , Bl B R R AEALIE bR R DR
H P50 L Ra L, P Th, Pb K F1 Y Cs 19 F 35 5 & 43
5k 27.93 Bqekg ', 28.18 Barkg '.37.79 Bqkg .
79.40 Bqekg '.678.00 Bqekg ' i1 1.76 Bqrkg . 4l %
AR FNG R AT, F R P Ra M 2P AT TR K
¥ 2200 R Ra g ) A% 2 S i AR R R AT D
WICs AR S R B K, Ik 39.78 %0, YK B S R B
ANAUH 716 %l R AL R AR AT

WEIE X3, 3R 2 DU b 25 TR A R B A
TERR .3 25 5 FEAR DU b 45 O P 38 1 22
SRR U R R Cs B R R 2 U AR
DU h Y A R YK B AER B VIR Y
A TE BB A Ak i TE R DT AR A



4506 HIERRL2E  http://www.earth-science.net

46 %

F1 BEBNRYPHHMEZELEBq kg
Table 1 Contents of radionuclides in the sediments of the Bohai Sea(Bq-kg™)
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FERE T {8 37.64 25.06 42.22 71.89 690 1.84
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Table 2 Contents of radionuclides in coastal sediments of China(Bq-kg™)
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Fig.2 Horizontal distribution of radionuclides in the sediments of the Bohai Sea (Bq+kg ')
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Fig.3 Vertical distribution of radionuclides in the sediments of the Bohai Sea
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Table 3 Pearson correlation among radionuclides, TOC and GS in the sediments of the Bohai Sea

ey 220Ra 22Th 210pp, 0K BICs TOC GS
L) 0.930™ 0.690" 0.412° 0.495° 0.637" 0.055 —0.261
2Ra 0.681" 0.368 0.369 0.522" 0.015 —0.173
22Th 0.506" 0.369 0.414' 0.542" —0.549”
RIEHE 210Ph 0.462° 0.515" 0.6577 —0.670"
0K 0.682" 0.185 —0.231
WICs 0.135 —0.197
TOC —0.916™
28y —0.680° —0.302" —0.237 —0.223 —0.054 —0.551" —0.726"
226Ra 0.695" 0.325" 0.436™ 0.412" 0.706™ 0.886"
22Th 0.399" 0.568" 0.331" 0.346" 0.588"
HEAR A 210P 0.300° 0.012 0.112 0.321"
R 0.511" —0.007 0.547"
W0 0.030 0.331"
TOC 0.535™
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Fig.5 Vertical distributions of **Ra/**U **Th/**U and “’K/**U ratios, as while as TOC and GS in the sediments of the Bohai Sea
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Table 4 Sedimentation rate in coastal seas of China

WhoTiEs Rk JIRLEE BERL A IR
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A 20ph¥TCs  0.57~5.70  H /NS 1999
EHEE POPby;¥Cs 0.30~3.17  EREMEZ,2011
M 2OPb;Cs  0.64~1.74 XIS, 2008
K 20Ph,, 0.44 ih 52 5 %5, 2018
b v 20ph,, 0.20~1.00  PF&%F,2012
LI 20ph,, 0.07~13.20 24§45, 2009
KIETHF  2OPby'¥Cs  0.43~0.48  k4Hk%E,2017
Ko 20ph,, 1.36~4.11 iK%, 2009
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Fig. 6 Vertical distribution of “’Pb,,,"’Cs and the chronologies of the sediments



%12 1 b BRAE  BE DUBU rP T A 3R S A B R TR B A2 Ak B i g 4513
*5 MRRBIEEERTRER
Table 5 Sedimentation rates of study areas in last 100 years
R 21Ph,,~SR 1 [ 21Ph,~SR - {8 W(Cs-SR - 29Ph,-MAR i il 219Ph, - MAR F (i
(cm-a’) (cm-a™) (cm-a™) (kg-m~?-a) (kg-m?-a”)
L 0.08~0.73 0.35 0.38 1.46~13.16 6.34
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o [ TR 0.07~7.25 — — _
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= 5 3 25 0 B9 5 AT 5 (Lemoine ef al. , 20153 Du
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Fig.7 Variation of MAR with time in study area
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