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Fig. 1 Seawater sampling stations off the Changjiang River
Estuary in the East China Sea
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Table 1 Information for sampling stations and hydrochemical parameters
Wl R LBEEPN AFEE SRAER i) ORI/ ABVL i REF/C TSM(mg-L™') Chla(ug'L™) POC/(umol' L™y  #3
All-4 1m 29.02 122.74 2017-05-05 17:41 56 538 299 19.1 44 2.4 5942 B
Al10-5 1m 2932 123.00 2017-05-06 6:00 57 53 304 189 2.1 1.6 NA e 2 AR
A9-4 1m 29.77 12325 2017-05-07 14:58 58 51 314 197 33.2 14.4 292+12 UINLTRG i
A8-4 1m 3005 12326 2017-05-08 19:30 67 46.6 307 193 2.1 0.89 6343 UINLTRG i
10m 3005 12326 2017-05-08 19:30 67 547 305 187 6.6 NA 200+8 UINLTRG i
20m  30.05 12326 2017-05-08 19:30 67 492 308 180 9.2 NA 64+3 UINLTRG i
30m  30.05 123.26 2017-05-08 19:30 67 455 327 191 5.5 0.61 25+1 UINLTRG i
45m  30.05 12326 2017-05-08 19:30 67 549 338 19.6 2.9 NA 25+1 UINLTRG i
60m 30.05 123.26 2017-05-08 19:30 67 553 337 19.5 14.1 0.10 NA UINLTRG i
A7-5 1m 3026 12349 2017-05-13 13:42 64 521 323 223 8.8 10.8 28611 UINLTRG i
A6-11 1m 3040 123.99 2017-05-13 17:00 49 53.9 300 200 3.2 23 6243 e 2 AR
A5-7 1m 3078 123.49 2017-05-1511:10 54 643 294 195 1.3 1.4 33+1 e 2 AR
A4-6 1m 31.07 12325 2017-05-15 13:45 55 623 288 19.7 2.6 24 49+2 e 2 AR
Al-7 1m 3225 12349 2017-05-11 16:00 38 61.6 295 179 6.4 23 86+3 B
SS 1m 3071 12281 2017-05-1212:10 19 775 297 NA 3.9 NA 4542 TCH B AR
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Fig. 2 Joint analytical scheme for determination of dissolved and particulate *'°Po, *'°Bi and 2'°Pb activity in seawater samples (modified

KA (29 60 L), A 200 mg Fe* (FeCl, ).
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(10/15) H12°Bi/*"Pb {if B A7 T 1.0 F) 2.0 Z [H] (] 3b),
JITAG FE i R 2OBiA P 1 RS (E A 1.38 (>1), H
] 5k /& T 2°Po/°Pb i JE b (5] 3¢), F I i1 2"Bi 5°Pb
F2 300 P-4 OB W R R A AR o 5 b, AR S
GEIN R A 2 TR A ) A K I 0 ) VT 11 A AR 0 K
TR AFTE B 5 9 2°Po-2""Pb F12°Bi-2"°Pb 1 B V- 0 4,
HLAR e BH Ry 2 0Po A e 2°Pb B {2 75 81 1M 2°Bi A L >'°Pb
I T I 3o R A RRAE

2 SR F) A YOI 3R AR 1Y Chla B4 #2702 C
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2 KIIONMREBFRAFRLEEIGAKPPo, *Bi F*'Pb WiFEEIREX/NMZRFEELILE
Table 2 Activity concentrations and activity ratios of ’Po, >'*Bi, and *'’Pb in seawater samples in the
East China Sea close to the Changjiang Estuary during red tide
Mpo-p  BiD *Pb-D Po-P  Bi-P  *Pb-P  Po-T F'BiT ?'Pb-T
WAL BAL H0po.T /2Ph-T *Bi-T / *'°Pb-T
dpm/100 L

All-4 1m 6.55+0.97 15.9+1.51 21.8+0.83 2.24+0.16 5.58+0.53 5.89+0.45 8.79+0.98 21.5+2.1 27.7+1.05 0.32 0.78
Al0-5 1m 6.27+0.76 3.44+0.41 2.33+0.13 2.54+0.18 3.37+0.40 12.8+0.84 8.81+0.78 6.82+0.68 15.1+0.86 0.58 0.45
A9-4 1Im 1.27+0.09 6.94+0.66 8.41+0.51 3.08+0.21 12.1+1.15 3.36+0.21 4.35+0.23 19.0+1.90 11.7+0.71 0.37 1.62
A8-4 1m 0.84+0.06 7.38+0.89 8.34+0.48 1.23+0.07 7.63+£0.92 1.98+0.13 2.07+0.10 15.0+1.50 10.3+0.60 0.2 1.46
10m 6.48+1.18 13.5+1.28 5.97+0.31 2.12+0.15 11.0+1.05 5.78+0.36 8.60+1.19 24.5+2.45 11.7+0.62 0.73 2.09
20m  6.13+0.42 19.7£2.37 29.7£1.40 2.09+0.12 2.09+0.25 2.03+0.15 8.22+0.44 21.8+2.18 31.7+1.50 0.26 0.69
30m 15.4+0.60 5.34+0.51 9.72+0.44 2.59+0.18 5.56+0.53 0.85+0.07 18.0+0.62 10.9£1.09 10.6+0.48 1.70 1.03
45m 4.66+0.93 13.4+1.60 3.95+0.23 4.51+0.28 3.04+0.36 0.46+0.03 9.18+0.97 16.4+1.64 4.41+0.25 2.08 3.72
60m 7.59+0.29 5.33+0.51 5.07£0.29 5.79+0.34 8.19+0.78 2.93+0.20 13.4+0.45 13.5+1.35 7.99+0.46 1.67 1.69
A7-5 1m 4.31£0.30 2.59+0.31 6.08+0.26 5.21+0.33 8.65+1.04 11.3£0.52 9.53+0.44 5.62+0.56 17.4+0.74 0.55 0.32
A6-11 1m 4.36+0.63 7.68+0.73 4.44+0.36 1.57+0.10 2.01+0.19 1.99+0.12 5.93+0.64 9.69+0.97 6.43+0.53 0.92 1.51
AS5-7 1m 2.81£0.34 8.28+0.99 1.10+0.07 1.35+0.08 6.38+0.77 7.02+0.56 4.15+0.35 14.7+1.5 8.12+0.53 0.51 1.81
A4-6 1m 4.56+0.63 3.12+0.30 1.84+0.12 1.45+0.10 1.13+£0.11 2.43+£0.17 6.01+0.64 4.26+0.43 4.26+0.27 1.41 1.00
SS Im 1.74£0.15 5.06+0.48 2.72+0.18 3.91+0.24 5.74+0.55 6.69+0.41 5.65+0.28 10.8+1.08 9.41+0.64 0.6 1.15
Al-7 1Im 1.86+0.22 4.90+0.59 4.42+0.34 1.53+0.09 6.04+0.73 3.71+0.20 3.39+0.24 10.9+1.09 8.13+0.62 0.42 1.35
e/ ME 0.84 2.59 1.1 1.23 1.13 2.07 4.26 4.26 0.2 0.32
KA 15.4 19.7 29.7 5.79 12.1 18 24.5 31.7 2.08 3.72

FHEIELSD  4.99+3.46 8.17+4.95 7.72+7.6 2.75+1.41 5.90+3.13 4.61+3.53 7.74+3.93 13.7+5.91 12.3+7.65

0.82+0.58 1.38+0.79

L POC ¥ A S i 2k g /K v i e sl AL ) AE W) 10 48
b, #5517 2°Po//Pb F129Bi/Pb 1% F [t 5 POC #k Ji
AL EFR . WNE 4a o, B4 POC ¥ BE (LA Cit)
M 25 pmol/L 3 i ] 100 umol/L, *°Po/”"Pb I FE Lt M\
2.1 TREZ 0.2; 10724 POC ¥ BE 34/ % 200~300 pmol/L
i, 2Po/2Pb 1% i L AE 0.3~0.7 Z [al 9% 3h . Al Wi i
FE ) A= ) B 1) 38 10 B 8% 42 2E20Po 1) 0 S0V Bk, 0 1T
F2°Po FHXFOPb 1 B T G, SRR AR Y R Kk
I A HE— 2 K R 2oPo 1 5 B, A XTI
20B/41°Ph I JE LY Bl POC ik B2 (1938 fin O 3 A 2 B A
PEBY AR, ANTE IR 52 205 W0 5 5 T 114 e A ) i R 20K
PR R AR A= 1 £ 1 3R 2 K A4, 2°Bi2 P 1 FE L 1 A2 4k
0 R BRAE 0.5~2 Z (i) (& 4b), 1] WLIFWEE 9 Ak
Py i 0 3860 I AT 3 iR OB OPh 2 [ 1 T AN
SEMFERAE . BB AL, £ % 4 Hi29Po/2°Pb F12Bi/°Pb I
JE HLBE POC e AR fb S B 22 57, i — Fh T RE Y
file T, B AR & AR HiT2Po/2Pb 1% J HE AR AR AT BE 2 i 19

WKL 40 T A 19 5 W) T BL (B AR, FR 2P0 B R
1K, 2Po/Pb L AFL Y AR ARLRF 23 2 455 5504 i 1] 5 HL )2 iy
F20Bi 2 5 A A, {K2OBi~Pb H H 4k 45 4 i ] AR 4
BCH AT RE I 5S L AN O, B S R AR 0 2R T A T R
Wy A AT S TR, T LAV 1 R 2 °Po FILELBi AH
X F20Pb W /) o s, FRATIF A AR R Kk
AR LI 285 5, PRI Ik b s i T AN Ry — s Ay 5 B 1 3
WHEWT .

Xf21°Bi-*"Pb F12°Po-*"Pb 1 AN K F , WL 4
6] 75 — A FEAE R B R B2 (45 m, DL A8-4 3 vy f4i])
JKAK | 29Po/2°Ph F12°Bi/2Pb 1 B [t 2414 A F) 1.5 LA
=, 1B POC ¥ F2 ) 3R B B AROK P o XA IR)Z K
210po Fl12°Bi AH X F21°Pb 4o ] 19 25 0L B G2 L 7 R Vg L
TR Yang 250 I, X — B 42 F WA 2°Po F12Bi 4=
R UKL 3R 2 — 1 238 ek P K Bk e, Bl 2 TR
FEAE TR JZ AR v R A T 0 B g, 3 {4 R 2 /K A
H 210Pg 1 20Bi A X F20Pb i b, 3K — AT AT DL A AS-
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Fig. 3 Histograms of the total *'°Po/*'°Pb activity ratio (a) and total >'’Bi/*'°Pb (b) and the box plot of radionuclide activity ratios (c)

during red tide outbreak in the East China Sea close to the Changjiang River Estuary
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VA A 2T BE VR BE RN TSM MR B2, W] A3 HAE H42°Po, 2"Bi il
29Ph Y 43 B R (K, )19, 3% 3 45 TPo., 2"Bi il
29Pb 3 FfA% 2 1 3 E AR A, Hh K 20Po 2R A6 iy
3.06x10*~7.11x10°mL/g, FIHE N (1.99+1.99)x10° mL/g;
K2Bi {78 1L 75 Bl o~ 1.15%10*~ 5.72x10° mL/g, F3J
B4 (2.18+1.74)x10° mL/g; K,-*""Pb AR L5l fy 7.43x%

b
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3.0 R, AT SC R i A (7] B 0 e 7K AR e R 24 R i S
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F 3 kM Po, Bi F17'Pb 5 B R EL AR Po-""Pb Fn
2|0Bi_2]0Pb E"]ﬁ@?ﬂ, %
Table 3 Distribution coefficients of °Po, '°Bi, and *'°Pb and

fractionation factors of '’Po-*'"Pb and *'°Bi->'’Pb

K&'"Po  Ko'Bi K'Pb
Wi Bz Feopr,  Faipy  Froi
mL/g
All-4 1m 7.71E+04 791E+04 608E+04 127 130 0.97

Al10-5 1m 1.93E+05 4.65E+05 2.61E+06 0.07 0.18 0.42

A9-4 1m 7.29E+04 S525E+04 1.20E+04 6.06 436 1.39
A8-4 1Im 7.11E+05 S5.02E+05 1.15E+05 6.18 436 142
10m 4.95E+04 1.23E+05 1.46E+05 0.34 0.84 040
20m 3.70E+04 1.15E+04 7.43E+03 498 155 3.22
30m 3.06E+04 1.89E+05 1.59E+04 193 119 0.16
45m 331E+05 7.77E+04 3.97E+04 834 196 4.26

60m 5.43E+04 1.09E+05 4.11E+04 132 2.66 0.50

A7-5 1m 137E+05 3.80E+05 2.11E+05 0.65 1.80 0.66
A6-11 1m 1.13E+05 8.18E+04 140E+05 0.80 058 1.98
A5-7 1m 3.56E+05 5.72E+05 4.72E+06 0.08 0.12 0.36
A4-6  1m 120E+05 1.37E+05 5.01E+05 024 027 138
Al-7 1m 128E+05 1.93E+05 131E+05 098 147 0.62
SS Im 5.75E+05 290E+05 6.27E+05 092 046 0.88
FoME 3.06E+04 1.15E+04 7.43E+03 0.07 0.12 0.16
BRI 7.11E+05 5.72E+05 4.72E+06 834 11.93 4.6
FHME 1.99E+05 2.18E+05 6.26E+05 235 232 1.24
PRfEMZE  1.99E+05 1.74E+05 1.27E+06 2.68 299 1.1

20Bj [ ORI PE~2Po 1Y RIURLIG PE 1 R s PR, G R
A3l 67 B S ) K AE KR, A9 AR L (AL-7,
A7-5. A9-4, Al1-4 Fl A8-4 ¥ i 1 mJZ. 20 m JZ .
30mJZ2 . 45 m 2 M1 60 m )2 ) K K-2Bi > K-Pb
BRI ; T4y 6 NFESL (A6-11. SS. A10-5. AS-7. Ad-6
T A8-4 V5479 10 m J2) L K,2Pb > K,~"Bi i 4%
fiE, AT LAV 1 A0 2R 1 3 2 P T AL A K — 2 0 )
K B0 AR S R AT SR 38 B0 1 2B Y IR 5 P 5 T
20Ph [ RFAE

&5 % A A7 1 T 1AM 2R U6 o o 4 K AR R
20po, 2°Bi F1¥°Pb 3 Fi % R 41 L R A5 TSM ik JE Z [H]
IR FR . BT s R, B 5837 5200 0Po . 2°Bi Al
20ph 3 A% R L R S TSM Wk B 22 R A7 B i
ARG C ZR, FRIU H 5 Z1 19 < JORE 0 I 2 Ve 880
fiEt-21, 2P 5 TSM Jox 5 R i 22 1] B AH 5C £ %5(0.70)
K F2Po( 0.62) F12°Bi( 0.54), 7 W] 2°Pb 43 it 17 K 32

7.0
65t y=-1.6x+62
: 4 R=-0.70; P=0.004
6.0 - y=-0.67x +5.63
- ¢ R=0.54; P=0.036
=551 4y ="072x+5.60
N u R=-0.62; P=0.013
o 5.0 1 ° -
= 2 °
4.5 =
m 210
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A 210pp
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Fig. 5 Correlation analysis between the distribution coeffi-

cients of >'°Po, 2'°Bi, and 2'°Pb and the TSM mass concentra-

tions in the East China Sea during red tide
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FH T 7 B 1V UKL ) 21y ) 2 3 A 1 R ik 254
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¥ Z A H S — 1 25 5 0k ) 5 R JRE 58 559 1) 5 — A
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(£ 3). RS EFY, TR W LE [ B B> Po.
2B Fl12°Pb A4 of F2 v, {6 1] T 23 BR2Po Fl2“Bi.
11T AR 57 K T, Faey KT 1 AIRE B9 A4N) BT B
Z T Fuw /DT 1 BIFEGELC6 A ) (FR 3), IAE A B &
- R R BB S W A 2 Al AR O B ) U A AR K
A UKL ) %2 OBi( A FLOPb) (1) 35 R IE PR B AR .
AN, IR Fpgpy KT 1 F Fogm /N T 1B RE 5 B2 30T
— 2, ULBH2Po FN2°Pb 2 [A] ) 4318 I T A7 AR 45 ) 22 7
Mo MSEBMERF, KT 0 2R 1 R i 5% 2% 300 1) K 44
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Biogeochemical behaviors of *’Po, *’Bi, and *’Pb in the East China Sea close
to the Changjiang River Estuary during a spring red tide event

Zhou Wenqing', Zhong Qiangqgiang™®, Zhou Yuehua®, Wang Qiugui’, Wang Hao?, Du Juan®

(1. Key Laboratory of Ocean Observation Technology, National Ocean Technology Center, Ministry of Natural Resources, Tianjin 300112,
China; 2. Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China; 3. State Key Laboratory of Estuarine and
Coastal Research, East China Normal University, Shanghai 200062, China; 4. Xiamen Special Education School, Xiamen 361008, China; 5.
School of Environmental Science and Engineering, Guangzhou University, Guangzhou 510006, China; 6. Research Centre for Eco-Environ-

mental Engineering, Dongguan University of Technology, Dongguan 523808, China)

Abstract: The *'°Bi-*"'Pb radionuclide pair is considered to be a new radiotracer for particulate carbon dynamics.
Due to the very short half-life of *'°Bi and the difficulty of determination, we have very few knowledge about the
biogeochemical behavior of *'°Bi in the ocean and whether there is a *'’Bi-*'°Pb activity disequilibrium. This paper
reported the observation results of dissolved and particulate *'’Po, *'°Bi, and *'°Pb and their activity ratios in seawa-
ters in the East China Sea close to the Changjiang River Estuary during a red tide event on the spring scientific
cruise organized by National Natural Science Foundation of China from May 5 to 15, 2017. The results showed that
the *'"Po/*'’Pb activity ratio varied from 0.20 to 2.08, with an average of 0.82+0.58 (n=15) and the *'’Bi/*'°Pb activ-
ity ratio changed between 0.31 and 3.72, showing an average of 1.38+0.79 (n=15). This phenomenon indicates that
the activity disequilibrium of *'°Po-*'°Pb and *'’Bi-*'’Pb was ubiquitous in the seawater. More specifically, there is an
obvious excess of ?'’Po and *'’Bi relative to *'’Pb in deep seawater, which implied that *’’Po and *'°’Bi might be re-
leased from sinking particles in the middle and deep layer of water column. By calculating the distribution coeffi-
cients and fractionation factors of *'°Po, *'°Bi, and *'°Pb, it was found that suspended particles in seawater tended to
preferentially scavenge and remove *'°Po and *'°Bi, comparing with *'°Pb. Similar to *'°Po, *'’Bi showed a stronger
particle affinity for marine suspended particles than *'’Pb, and the increase of phytoplankton biomass can promote
the fractionation behavior between *'’Bi and *'°Pb, supporting the idea that *'°Bi-*'’Pb can be used to trace particle

processes in the ocean.

Key words: coastal sea; *'’Bi-*'’Pb disequilibrium; red tide; fractionation factor; biogeochemical behavior
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