Ha7% Mo T bES

202542 H

Haiyang Xuebao

2 e Vol. 47 No.2

February 2025

HOAM, XAREE, A . o E m A 2 Pu IR S AR bR BT [J]. 1A, 2025, 47(2): 56-68, doi:10.12284/hyxb2025014

Huang Yanan, Liu Zhiyong, Guan Yongjing. Research on the sources and trends of »****°Py in the northern South China Sea[J]. Haiyang Xue-

bao, 2025, 47(2): 56-68, doi:10.12284/hyxb2025014

h [ H AL B A Pu B SRTB S T L A B R R

FrE-, AEFB, EAaR

(. BT ISR FBE 5k an Rl 2f 24 Be, 100 BT 5300015 2. il Kaf HEPERR 2 B, TR Bk 519082; 3. i K2 T
SEE2E SR EBE, LI RN 215123; 4. 7 PR 2% R4S TR RSB, 19 7T 530004)

FEEE . A U 5 o b B K B LA AR U0 AR A R 2020Pu IR B UE E L 2OPu/Pu R T I B AR
wipy ZAREEF 283 AN MK HATEE, AHLE T RERP*PuEX EBAK KE K ETLR
MUBREHENRA P REE R AR REGTRBARERENA, B2 ARINE (GF) M
RFFEHE ALY (PPG) ZWEALMBBR A AETFEFE TP Puly TERE ., FH, RIELHE
BRI AR Pu R FIEEAA NG RRE S H IR R EAEMRNEMER R XERARY
AW EHAE 5 Pu b E R KR A 2 BWR, 24 EIEMR MR, TR
HH Py R EXERE LA EATETTRBEAD™Puth XA W EF, SFLAEH P
2Py AR AR ERARAMRELELRFEMRNEREXR A AP T LHEAP Pl & K

F W xR AT IUAR W e LA
K. 2Py B i RIE
FESES: P753 XEtFREL: A

1 515

2011 4E3 H 11 H, BT 9.0 KM= LAY H A48
By BRI At R0, #8558 — ) (FDNPP)
FHOO H AP O 28 1 1 ™ BTG gy, JUH R BR R
FRIREIC AR B 2R A T RO HE R AR R 2 BUA
i UO,, 1H 255 = 5§ T I HEAT 32 > & 29 6%Pu
TR G S AL W AR A A5 3 A 52 40 ) 52 o7 M 8
Yy 256 t %MK, WDk AR B A% O A (2.9~
19) x10°° PBq f9**Pu. (1.0~6.4) x10 PBq [ ****Pu Fl
(1.1~12) x10™* PBq A *'Pu**( 1 PBq = 1x10" Bq) .
SRMT, A N Y J2& 2023 4F 8 H 24 H, H AR BUF TG
PR o 2 R B R0, AR B e ] K 2R o I 94 7 5 [
SNSRI, SR I AR A% L AR AR PRIl i
7800 t 157K o PRIk, HEE TS PR A 3R A% M D TR K

%5 H #3: 2024-07-08; 1&1T H #A: 2024-11-01,
BEL£WAB: w75 KRR 350 H (602021239517),

TEHS: 0253-4193(2025)02-0056-13

St A B A TS Y G AR S . o, 20 20py JE AR
BN o BUNYER R, TR ARG DAY & £)5, &
FRAE Y IR A R, IR Y OO PR &0, B2
Hh ] A K A kU0 5 R T LR I S AT TR A K B
W IKIRZTE 200 m LAVRD, B AR 0 KV K
A P U L S e VA R ) M — R T, M P
AT S E RS Z 8], P FHr i P
85 RIS A 0E AR 5 430 Oy B 9 sk | T P IR 9 ke A 1
A7 FE IR 3 25 KA, AL 2R3 RN SE I 114 X B 1)
T, B R e R RE R e 2 B H AR HEE S
JK 7 T 5 T ) X3 2 —

VR VE PR EE (192 20Pu 2 U PR R (FPu 2
AN 24 110 a, *Pu 2L N 6 561 a), EEORIE
AN 22 (1945-1980 4F ) 4Bk 543 K% R 5 (GF) Al
KV 5 % (PPG) A5 . UNSCEAR™ (K & [

EE R : HWA(1986—), B, W R IEFHE A, BFFEI7 o [ 07 R b BR AL 2 54204 . E-mail: highttee@163.com


mailto:highttee@163.com
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

28 BAGAE:  E R AL AP (R IR AR A BT

57

S FARET RN R4 ZE L2 A T2 10.87 PBq [1927*°Pu
e AR K A5 Aarkrog™ £l 1 PPG [n] Ji ] v 1l ¢ ik
AYZ9 2Py @29k 2 PBq. Hamilton®™ {3 122%Py i A
S ERVEVE A B 245 12 PBq, Hi b 8.6 PBq #9>*Pu iF
A K, 29 5 PBq H9>20Pu iE A b A 1 g 350,
T VAL U SR Ry AT PV SR 1) — R 4y, AR
AR IR R R Y, A IR E ks
BIUT IR (BN, AR R A ) | B
AN G AN W AN 21 97 F T %7 3 S N 3 N = R
RGBT SR &), KW, m s
T 3B A BIF 9 96 T B 85 o B R M ER Ak A AT N
M EAR S i (L 1) U R AEAZ L 8 [l - e v
RIT PR 4, 3 b i Pu s Pu 1 LU AH
BT IR G 3 BT, SR, E R L
Xif F2020pu [ ST A B LR RGEIW, 45 X A 4 22
FZ AN AT AN TG A, AN A RR i v 20pu 45 £k ke 34
MZEA IR AL T25 H o PR, A S i X g g L
T SR B ML 3R A R i TP 2 20Py LI B MR EE L 29Pu/Pu
JEF B A A o0Pu B2 R o S B0 E AT HER AT
L3 Sy A ok 1 9 b 30 o S8 R 55 KR S rh 2020py 1 o
U5 TR . BRI SR A R B AT g S A — S R
2%,

T I AL T B2 0Pu BE BB R TR TE &k F
(4919 T SC R T R ot e B Sl 87 3 B 43 A AE
14°N DAt A i 3 (451 4, 60 v o 3k . T NS L v
TRV RS L RMSTE  BRIL T sk | wRUE
130 Vi ORI e 5 3 VAR ), kTt 283 AN

70°  80° 90° 100° 110° 120° 130° 140°E

40°

30°

20°

1
0 5001000km —  TTTTTTTTTTTTTTTRe- ---
| IS I

FE i, BE G RAE K IR 1~4 988 m A2, 1% 1 S ke 5
A5 I ] 5 5 40 a, 2 86.6% HYKE S AT 2011 4F 3
A 11 HfE SR LR, 2023 428 H 24 H & 5%
FEBOHE — RN HE O 5 K H . T R AR R
M R B R AL 200Pu LI B SR B
20py/22Py J5F- AR FI 20 20py B GE A AR S A0
S0 0 R g K (32 KK AR ) I (4 1) Oy e 21
BB . RE A SRR | I ERL | AL AT R R 0
BIRL) . W 5E (A5 5 5 DL ) AT B (3R 2 BT
YI+RERE DRI ). B & R 2opu (R 1k EEA
AB TSV (o 35 0) AT 1572 (ICP-MS Fil AMS); Horr,
JECHE £ 45 B 7 T3 A (TCP-MS) 1 32 A% 5 AF XoF 7 261,
B FREARYE 1z A8 5 100 8 T 15 7 (AMS) 3R
i B I ARRT A, AR B E B 2, IF RIS K I8
FE SR AT 5T . B A, HR S ICP-MS B A9 43 A
], AT L 43 Sk 22 38 38 H2 050 F SRR 5 55 1 MR B A
(MC-ICP-MS). i3 J¥ filh 7y i AR A 55 5 7 1R i 3% ( SF-
ICP-MS) FURLPY A AT F B G 55 B 14 T 33 A (1CP-
MS/MS). /N [] 52 56 2 AR i S AR 28 3 A B (TAEA-
368, IEAE-443, UKAEA. NBS-947, NIST-4334
F1 NIST-4357) 31k, [7) B A S {5 fir A 04 3048 1 58
CIETE

3 aRNITE

3.1 FEIREE 0Py SRR Y IR TR
VTR R B AR A P 2oPu/Pu JR T AR =2 BT LA RT A
FHE R B R UR, 102 PR AN [R) 6 Sk 9 2Pu/”Pu Jit £~ LT
22 5 W& 00, i an, PPG 3 IR 1Y 45 AF >“Pu/*°Pu Ji
T HAETE 0.30~0.36 =[]0, [fij 4> BRUTKE i FEAEPu/

IKIF/m

1 I R R OPu SR A il 0243 A

Fig. 1 Spatial distribution of ******’Pu sampling stations in the northern South China Sea
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Table 1 Information of **2Pu samples in the northern South China Sea

s PPy 2 SREEARAY M MR 7% FREESIE EZBUN
1 FZHEK 1984-1997 9 oY n.a. MARIS
2 RIZHK 2007 1 SF-ICP-MS NBS-947 SCHR[14]
3 FZHEK 2014-2015 36 oY na. SCHR[15]
4 FZHEK 2014-2015 1 MC-ICP-MS IEAE-443 SCHk[16]
5 K (RIZHRE) 2012-2013 19 MC-ICP-MS IEAE-443 SCHR[17]
6 W3 2018 1 ICP-MSHIAMS na SCHR18]
7 W3 2018 11 ICP-MSHIAMS na SCHR[19]
8 AR 1996-1997 1 SF-ICP-MS na SCHR20]
9 TIRYIGRIE ) 2009-2012 28 SF-ICP-MS TAEA-368 SCHR21]
10 DURPI(RIZHERE) 2012 3 SF-ICP-MS NIST-43341 SCHR10]
11 =KL 7] 2013 44 SF-ICP-MS NBS-947 3CHk[22]
12 =KL 7] na. 3 SF-ICP-MS NBS-947 SCHR[23]
13 =KL 7] 2018 13 ICP-MS/MS NIST-4334 SCHk[24]
14 =KL 7] 2021 17 ICP-MS/MS NIST-4357 SCHR[11]
15 =KL 7] 2022 36 SF-ICP-MS na. SCHR[25]
16 FEVRY 2006-2010 25 SF-ICP-MS NIST-4357 SCHR[26]
17 AR 2009-2023 7 SF-ICP-MS NIST-4357 SCHR[27]
18 e 2021 5 AMS UKAEA SCHR[28]
19 )2 MK 2019 23 ICP-MS/MS na. SCHR[29]

H: na T MR SCH B35 B . MARIS (Marine Radioactivity Information System): https://maris.iaea.org/
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Fig.2 The variation of ******Pu concentration in surface sea-

water of the northern South China Sea over time
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Fig. 3 Vertical distribution of 2*****°Pu concentration in

seawater column samples
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Table 2 Diffusion rate of 2***'Pu in seawater column samples
R B HRE&FR v—PPG/ (ma™) R v~GF/ (m-a™") R BOA0p I G /m BHCHR
1 PRIE R AQ-7 9+0 0.99 8+1 0.90 600 SCHR[26, 37]
2 AT AQ-13 14+2 0.92 8+1 0.66 300 SCHR[26, 37]
3 PHALRT DR-10 8+1 0.78 7+1 0.78 598 SCHR[26, 38]
4 SRSl DR-13 81 0.66 91 0.75 405 SCHR[26, 38]
5 R R ST 4 PA-4 15+1 0.80 13+1 0.90 1000 SCHR[26, 39]
6 FAIUIEE 4 PA-5 15+1 0.81 13+1 0.89 1000 SCHR[26, 39]
7 [} S IRIAGE PA-7 8+ 1 0.65 6+1 0.63 200 SCHR[26, 39]
8 LIRS PA-9 5+1 0.63 5+0 0.80 400 SCHR[26, 39]
9 oy IEvACS PA-10 5+1 0.49 5+1 0.58 200 SCHR[26, 39]
10 [FafemlatitiE30 SEATSII 12+1 0.92 9.84 0.91 500 3CHR[17, 26]
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Fig. 4 Comparison of diffusion rates of *****Pu from

different sources in seawater column samples
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Fig. 5 2Py and **Pu/**Pu in surface sediments of the

northern South China Sea
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Table 3 The correlation between ****°Pu (x) and ***Pu/*’Pu (y) in surface sediments of the northern South China Sea

5 WA n R IS PSS e PN
1 y=-0.002 1 x (1/x) + 0.269 25 -0.854 Rt PivitPS 3Cik[21]
2 y=-0.0022 x (1/x) +0.271 44 -0.705 L) PivitPS SCHR23]
3 y=-0.001 24 x (1/x) +0.249 36 -0.536 Rt PivitPS 3CHK[25]
4 Y =0.018 4 x 1g(x)+0.275 91 0.599 L) N i:ES SCHK[41]
5 Y =0.034 7 x lg(x)+0.238 175 0.439 Rt N i:ES EN P
6 Y =0.040 2 x 1g(x)+0.233 187 0.486 U+ 33 TEAHG ES TN
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Table4 The correlation between particle size or organic matter and ****'Pu

Jr5 TiH X[ WG T n R P
1 B4y 0~20 um y=-0.013x+0.388 47 -0.281 HAHE
2 B4y 20~30 um y=-0.038x + 1.303 9 —0.904 HAHE
3 B4y 40~180 um »=-0.0005x + 0.185 8 —0.445 HAHE
4 A HLF- 0Py 0~1% y=0.173x +0.107 21 0.400 MBS
5 HHLE-Pu 1~10% 3 =0.050x — 0.029 45 0.644 EAE
6 AT Py 10~20% y=0.014x - 0.100 3 0.954 N PS
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L
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Fig. 6 Particle size distribution in surface sediments of the

northern South China Sea
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Fig. 7 Vertical distribution of *****Pu in sediment cores from the northern South China Sea
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Fig. 8 Comparison of sedimentation rate and apparent

diffusion rate of 2*"**°Pu in sediment cores
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Research on the sources and trends of *****Pu in the
northern South China Sea

Huang Yanan"?, Liu Zhiyong’, Guan Yongjing®

(1. School of Environment and Life sciences, Nanning Normal University, Nanning 530001, China; 2. School of Marine Sciences, Sun Yat-sen
University, Zhuhai 519082, China; 3. School of Radiation Medicine and protection, Soochow University, Suzhou 215123, China; 4. School
of Physical Science and Technology, Guangxi University, Nanning 530004, China)

Abstract: This study compiled data on the *****°Pu concentration or specific ratio-activity, ***Pu/*’Pu atom ratio,
and *****Pu flux or inventory in seawater, corals, shells and sediment samples in the northern South China Sea. The
239+240py sources and trends in surface seawater, water columns, surface sediments, and sediment cores in this area
were presented. According to the two end member model, global fallout (GF) and the Pacific Proving Grounds
(PPG) were currently the sources of *****’Pu in environmental samples investigated from the northern South China
Sea. Meanwhile, according to the migration model, it was found for the first time that a positive linear relationship
between the water depth corresponding to the **°***°Pu peak concentration in the water column and its migration rate.
The correlation between the organic matter content or particle size of surface sediments and the *****°Pu specific ra-
tio-activity had a segmented nature, showing positive and negative correlations, respectively. The numerical result
of the *****°Pu chrono-marker sedimentation rate in sediment core samples was usually greater than or equal to the
maximum apparent diffusion rate of relatively exchangeable **°***°Pu in the same core sample, and there was a signi-
ficant positive linear relationship between the sedimentation rate and the maximum apparent diffusion rate, the im-
pact of the maximum apparent diffusion rate of relatively exchangeable »*°***°Pu in the core sample on the sedimenta-

tion rate can be ignored.

Key words: ****Pu; trend; northern South China Sea; source
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