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Characteristics of Radium Desor ption from Sediments
in the Salt Water Environment
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Abstract: Radium diffusion from sediments to overlying water is one of the important sources of radium isotopes
in ocean water. A series of laboratory desorption/diffusion experiments were conducted to help elucidate the
characteristics of sediments on *’Ra and **°Ra desorption and diffusion, which included 1) ***Ra and **Ra
desorption from sediments in water of different salinities, 2) %*Ra and ?*°Ra desorption from sediments of
different grain sizes in water of the same salinity, 3) ***Ra and **Ra diffusive fluxes by observing Ra enrichment
with time in the overlying water of incubated sediments. The experimental results show that thereis an increase in
the amount of ?**Ra and ??°Ra with the increase of salinity from 5 to 30, and Ra desorption is strongest at the
salinity of 25. Under the same salt water condition, **Ra and ?®Ra desorption activities of the four grain sizes
(2000~1000 pum, 1000~500 um, 500~250 pm and 250~125 pum) of sediments are very close to each other. When
the grain sizes of sediments are larger than 2000um, the **Ra and ??°Ra desorption activities are slightly higher
than those of the sediments of the above-mentioned four grain sizes. When the grain sizes of sediments are less
than 125 pm, the ?*’Ra and **®Ra desorption activities are much larger than those of the above-mentioned five
grain sizes. The average diffusive fluxes of ?*’Ra and ?*Ra of sediments from Jiaozhou Bay are
0.85 Bg-m?.d* and 0.022 Bq:-m™2.d’?, respectively.
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AR, ABLFE T b A 2 1) AR 3 SR ) £ T
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N ?°Ra BRI T IR R Z DU 0 b 5 8% T 37
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SLEGRETT, 5 RFE: BB IR K Hh i B 1 B
FIERAR K SR TR -5 7K 2 fh B 1) AS R 38 0 6 114
R, IFSE T Langmuir 25 (1985) 56 T4 it W Ffit/
i W IS 7 7 JLRD E1) L /NS A BsF 1) P9 gl 5 A A 4538
FhE K A ERBE, AR A AR WA N, (EE 0 Y i
BT UUBR P A2 e AR pH A R T4 i A0 ;
TR Fe Al Mn U0 0 A7 25 10 il 1) e
Beck 4(2013)s:4utit s W, fLB/KAY pH X451
W 56 /e i AT T R, L ] DL R 6 Y
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[ 2, Webster % (1995) 7 ¥ 2445 AU v 2 [& 1 ok i
(<63 um Fl 125~500 pm)*F 46 i 19 1E H, Beck 45
(2013) R FH 5% [ 3 5 J& S0 1A Mk V0 Btk 5 i 1 [T 8 4 P

ZBU(Ky), 15 HVRLEE <63 um Al 710 pm A4 23 it 2 500
2 20.0 L - kg 1 0.95 L « kg%, AU THT 52 e i iz
FE/IN, WL R Ty, A WY FT BEYE /N . Gonneea
% (2008) % FHUT A 2 1 A48 1) “°Raffi iF 34~k
A PR ER AT R, EBERE N 5 WA RLRECH
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YIRE, FES RS £ O AD, 1 B K E L =
15 7 OB FLEBUK R B JOSE 5 . 2011 4 12 H,
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B PR E T, BABFE AR T . BT R R
SEPPURLATHL, FIARMEDR AT 0% 20, W 0T R 4y
A 6 MkiZk: >2000 um, 2000~1000 um. 1000~
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BECEII{H) 550 5.17 Bg « mS, 8.23 Bq » m™,
9.93 Bq - m?>, 11.08 Bq - m>, 15.48 Bq - m™,
16.28 Bq - m>; Xf T ?*°Ra, AlalihfEE (5. 10, 15,
20, 25, 30)TXF K B TR BE A W B (O Y418 4
%% 1.31Bg-m?>, 1.36 Bq- m>, 1.82Bq-.m>,
1.94 Bg-m>, 3.15Bq-m>, 3.34Bq-m>, *Ra
P W82 355 25 T X R B °Ran RIS BE, X5
JE 1T v X TR AN R R R AR A, L *Ra
A RO S (P RafER ZPTh (92 1100 1.91 4,
il Z°Ra ik 2°Th (19232 1K ik 7.5x10% @),

R RS B SRR R OC R LI 1, AT 1 H]
LB, H—HS M 4 90 i A8 L AR,
Bt 25 8 B (32 T3 0, 2*Ra il 2°Ra il I 116 13 S 444
T, U R R, DR R AT R Y
RailiZ . Hw K& REE SR AN, KRR 51
JERR, B ac# R nag, a0 e E g
Ca B F ] B 4 IO R 0k 2 1T | B 3R ok
10 @R, £hE M 53813 20 B, **Ra il °Ra
FR) e W RSB S I o e, RSN 1 A ER BE 43S 1
i1 0.39 Bq - m2H10.04 Bq - m3, {HFEER S 20 3
nFE 25 BF, 2*Ra il *2°Ra YAl 1% 5 1Y h0 R 5
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Tablel ?**Raand **Ra desorption activitiesin water of different salinities

2Ra fiEW i BE/(Bg - )

25Ra fiE W i BE/(Bg - )

+h e

R — e e EATIT o Ry T FATIT
5 4.84+0.29 5.49+0.31 5.17+0.33 1.16+0.15 1.45+0.16 1.31+0.15
10 9.86+0.45 6.59+0.32 8.23+1.63 1.40+0.15 1.32+0.15 1.36+0.04
15 11.42+0.45 8.44+0.37 9.93+1.48 2.01+0.17 1.62+0.17 1.82+0.20
20 11.15+0.46 11.01+0.43 11.08+0.07 2.31+0.19 1.57+0.16 1.94+0.37
25 17.20+0.57 13.75+0.52 15.48+1.73 3.99+0.23 2.30+0.18 3.15+0.84
30 18.45+0.51 14.10+0.53 16.28+2.17 4.16+£0.22 2.51+0.18 3.34+0.83

T psu R SEFHERBE 07, J& practical salinity units A9 fRiFK
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1u bk B A AR AL AT R BT AT, B R i W 1 Ptk
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W BEBN A 5L Y Ra. *°Ra it ik Y
SR TR S R A e M, & B Ra,
°Ra 1 5 R 2 ] B A AR SR A0 £k M 56 R (P'Ra
r’=0.9553; **°Ra: r’=0.8216, & PE/KF P<0.01) (&l
2), VLEAUTARR Y 65 [R5, 26 A At W A 52 55 7K AR i
FERER BN ER, %R, SRR
S W Bt Bt =2 38K
22 AFEHELZHET *Rafl “RaWIEBReEs

WL 6 SR TTRRFE R — R B (R 28)7K
R B FR 525, 1S *2*Ra Fl “°Ra 1 W 1 FE 4%
R 2, XF ?*Ra, AR[FKZL(>2000 pm, 2000~

1 *Ra. *RafBREFESHENXR
Fig.1 Relationship between #Ra, ?’Ra
activities and salinity

1000 um. 1000~500 pm. 500~250 um. 250~ 125 um
DA K <125 ) 5t By 1 T R ORI A A W T R
CE#MH) 4%k 431 Bg-m™., 350 Bg.m= .
3.84Bg.m>, 297 Bg-m>, 3.62 Bg-m™, 10.77 Bq.m’>;
XFF #°Ra, AN [AREZR I 6T R A LR A R A A
W 355 J3E (- 24 18) 4351 0.75 Bg-m ™3, 0.39 Bg-m 2,
0.51Bg-m™>, 0.56 Bg-m™>, 0.66 Bg-m™, 1.49Bg-m~,

K 3 MUTA R 2 UK Y **Ra. #°Ra ik
JE 5 WoRDRL AR ) R K, B 3 F H, *Ra il “°Ra
il W i S OREJE 06 R T AR, 38 S R
4 A~k %% (2000~1000 pm ., 1000~500 pm. 500~
250 um., 250~125 um)f ***Ra. *°Ra fiff W it 45 12
I RigE > 2000 pm 1Y 2Ra., 2°Ra il & = T F
W4 ARG, AT RE R SRR A TR ALBR R K,
FLBUK ) B BK AR HGE A HAE Y, AR 2
1) 5 R P9 B K A R RISk <125 pm /Y
?"Ra. “°Ra it 3% i KT Bk 5 A kigk, K
SETUR R R/, L SR TR RUBR, W BF 1 445 [
RLZ Bk, R 8 21 RK A W e A 5 ) 47 2%t
% . Beck %5(2013) & ¥ 3 R L 2R AT AR 5 0
{18 W61 Y 53 i 2R 50 (K o) 7 A A 5 Y TE 2 M AH DG 6 3R
(R?=0.94), ¢4 LHUIEY L R m B, g 4R
[) 57 2 RE 7 560 A L

2 *Ra, *Ra FHBWEESHEMELNE
Fig. 2 Correlation of **Ra, **Ra
mean activities with salinity

%2 FEKGTAME 2Rafl ®Ra RIREE

Table2 Desorption activities of *’Ra and *Ra from the sediments of different size fractions

A% Rl ZRa NS EI(Bg - M) RafiEiE /(B - M)
pm B2 S g s My FEE S g s My FIMH

>2000 4.99:0.28 3.63+0.42 4.31+0.68 0.85+0.08 0.64+0.07 0.75+0.11
1000~2000 3.88+0.21 3.12+0.36 3.50+0.38 0.50+0.09 0.28+0.06 0.39:0.11
500~1000 3.75:0.24 3.93+0.43 3.84+0.09 0.49+0.07 0.52+0.06 0.51+0.01
250~500 3.27£0.25 2.67+0.39 2.97+0.30 0.74+0.07 0.37+0.07 0.56+0.19
125~250 3.31+£0.27 3.92+0.43 3.62+0.30 0.78+0.08 0.54+0.06 0.66+0.12
<125 9.49+0.39 12.05+0.47 10.77+1.28 1.39+0.10 1.59+0.1 1.49+0.10
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Fig. 3 Relationship between ***Ra, ?°Ra activities
and particle sizes
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AFER G . WP RS . Ak b) . R AR
9, BT SRR, B BOE /N TR
() *Ra il “°Ra fig 286 . 7E B /NRIg R, YA
JETRAR RPN R /)N, **Ra il *°Ra fif i 5t
KUE? NHIE FArHr, Rrgoslsly, b2 m AR,
R Rl Uk ] 25 Bl B/, AT Rapy B, =3
MEEEEME R AERE, AR TiE— B Sc Rt
5o
2.3 Y ?*Ra 1 *°Ra B¥ BB E

BT T 2 A/ A W S 0 AE JLARD B L /NS 8 B ] P
5E i (Langmuir et al., 1985; Gonneea et al., 2008),
FRLA, 55— B BOIn A TCER K AT G 5%, XA EL
F BRI UTRRY) A B LR R AR, 3
BAEHIABIE, 6 B E s, TP LK b
SRR R P 5OE g5, RN &l i — AN B
TR, fLBRK iR A R Wk B T K. ORI
s R A T 7 28 3 o L BRE AR (Th) Y B 48 3 A48 1 A
ARG SR B TR FLBR K T, SRS 7R R 22 B4R
FFm BB KRS B, 2% Ra B4 Rk, 78

4 SRR LBk IR A *Ra. PRaEE SIERHBMXR

Fig. 4 **Raand *®Ra diffusive activities of sedimentsin relation to different incubation periods of time
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Table3 Diffusivefluxesof ?**Ra and **°Ra from sediment samples
I H 158 258 35 FINE Beck 45(2007) Garcia-SolsonaZ§(2008) 2 (5 2245(2011)
*Ra }J“’_ﬁflﬁ? 0.98 0.82 0.74 0.85 0.47 053 0.38
(Bg-m™.d™)
Ray” %}ﬁli/ 0024 0021 0020 0.022 0.28 0.04
(Bg-m~-.d™)

o] e PRE—FERY, FIME K 0.022 Bgem?2.d?, #Ra iy
iy PHGE B 2 Ra/h— B0, & T PPRa i
j:;ﬁ- HORAE, FEUKMART PPRa TIN5 A8 i v
= AR o FH AT I, BR R 2R A P A TR /N2 52 )

jy Hy HoB R — N EERE,

0 2 4 . 8 10 AT A5 R 5 Beck 45(2007) . Garcia-Solsona

o] 25t 55 (2008) F1 5 o 24 55 (2011) Y S 36 45 HUAH L4 (3 3),

- ZRa ¥ HLiE RE— DB REE, B
S 6 Garcia-Sol sona % (2008) 1) 22°Ra 4™ i 1 1] i fi K,
B4 N 22Ra AR BT R AT, HL O AR T R

2' A #Ra ¢ #iGE B AE— MUK b

T e T FRLAE 3 /ST h R 53 47 (Mastersizer
3B 2000 7YKL 43 AT SO 45 L), R 3 DL Ak

10- A Vs N N N N =g N,
- HorhFE, EANK B ab (Kl 5). 3 MR
j':;(, mi R 2 AR 25 5, IR R B Y ROE A
Ty AR FE LA

5

0 T T T T 3 %%

0 2 4 6 8 10
RLED

5 MMMNEMEEAE

Fig.5 Grain sizedistribution of sediment samples
2~3 L ZEWIN(170~260 h), HINE KA Y
"Ra KA #*Ra (R 1R FEAR TR B, HL
MELHAIE TR o T PPRa Fi A s R AR 12, Sfl
KA 2Ra TR A2, TEE E I
W R A R TR (B 4), A HUS )
Hb, R ATEAE

SR R R IR A B KR b i 4 ) 67 3R Y
P I AR [6) 37 R i Bk, R4 BEDKIA
A T 57 2% 1 9% il o () ) 72 Ak AT DA SR8 L 28
7 (Garcia-Solsona et al., 2008):

I, = (340 Age | )A—-€") +1,87° (1)

2, Lo LTS24 B 220 0t B 2] B B K A 5
(9 EAF B (BA), Jair A24E MY HGE B (Bg « m™ - d7Y),
A SRR TEAR RN, Age 2B AR B A LA (M) .

W 55 — > B I I B 5 A W T AR S ) B i
ZIEREAE 1o, MRAEHS A (D) FHILE Bk &
ANREFRRE) Jaie (H, 3 MVLBIFE Y 2*Ra fil *°Ra
PHGHE 0L 3. 3AUURY P Ra b HuE R AH 2
AR, FHEZ 0.85 Bg-m?.d™, **°Ra i it L

KA £ B X TC AR ) vl ) 7 2R A i W A
RN, 2*Ra il 2°Ra 10 i R -5 K AR B B IE AR
KR o ETXRHIE T SR A ORI R UL, R EE A
53417 20, 22*Ra il *°Ra ) i W 44 IR 45 b 2% 12,
B 20 #0151 25, **Ra Fil 22°Ra i fifk W% B3 IR A
iR, TEERRE 25 [, 2*“Ra il #°Ra i i I 5 3k
AR F KA

LR /N U AR v R TR R Y i Wt A TR

SR, AR RS B OB R B AR /N, #*Ra FI
22oRa i W HL IS I, (AR R M SE R . UE T
WOHEWE TR A, TER)— KRB 25T, 4 Ak
4% (2000~1000 pm, 1000~500 pum. 500~250 pm.
250~125 pum) I Y **Ra., °Ra fif W I B 45
BEAT; RiZR > 2000 pm (9 ***Ra. “°Ra fif W 1% B 1
F Bk 4 ARk, kg < 125 um Y **Ra, *°Ra
FRWE G FE KT ik 5 Ak,

5 TR A6 2R T A 23R R /N S i L A
B — N FEE R E . ARSCR A 3B IS TR
Y, #E TR LR, R AR H AL, T DA
ERE Y HGE AR . 2Ra il #°Ra 194 HGE i
SEFE 43 ]2 0.85 B m2 . d 1 0.022 Bgem2.d Y,
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