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Fig.1 The sampling sites of river-born suspended sediments, surface sediments, pore waters in the mangrove wetland,
Bamen Bay, Hainan Island
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2.2.2 228Th  228Ra 50g ,
3 228Th_224Ra
50°C , Gamma (Canberra s ,
Be3830) 28Ra *Th , 224Ra
12h, . 28Ra , 22%Ra
A 338.3keV (11.4%) 911.2keV , 2*Ra
(27.7%)  969.0keV (16.6%)  ; **Th 2087
583.2keV (31.0%) *'*Pb 238.6keV , Webster (1995)
(43.6%) , 20h
3 ,*®Ra - , Beck
28Th 28T , , 228Ra (2007) Krishnaswami (1982) ,
28Th , (7) 3min ,
s A% 5min; , Colbert
A =T "Ra | oxp(—Aus, t)—exp(—Ams, ¢ .
28T lZZsTh _ﬂvzzsRa |: ( 28pa ) ( 228Th ):I (7) (2008) 10min ,
0 , 24p 4
+ 37 eXP(—ﬂqstht )
228 228 4 2h -
7 lzzxka ﬂzszh Ra Th ; )
Azsza Azsth 228Ra 228Th 5 3
AgZSRa AngTh 228Ra 228Th 5
; 28p, 3.1 24Ra  »Ra
5.7a, 28p ’ 1 2%Ra Ra
0 0 (2010/4—2010/5)
AZZS Ra _AZZS Ra b (7) AZZSTh (201 1/8)
2.2.3
Colbert (2008) 18.2-28.9.
20104 ’ 43—16.9
’ LY-4 HSL-4, I,
’ 23.3, 13.3 , 2%Ra *Ra
, 4% ,
; Coulter(LS-100Q) 8.8—22dpm/L  0.35—0.73dpm/L,
1.6—9.8dpm/L  0.03—0.29dpm/L ,
2.3 24p, 23R, (224Ra/223Ra AR)
, 345, 21—42  26—49
s 3 2 228Th 228Ra
52 104 152 20.1 25.0 299 345 7 2 28T
, 4L , 7 228Ra , Th  *®Ra 3.5+
, 50¢, , 0.8dpm/g 8.8+1.7dpm/g, 228Th/**Ra
2h , 0.27—0.57 28T 2Ra 2Ac ,
0.45um , , 2287h/22%Ra
2241{a 1

34.5

228Ra , 228Th
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Tab.l The activities of ***Ra and **’Ra, and the **Ra/**’Ra activity ratio (AR) observed in the pore water of the mangrove wetland
(°E) °N) *Ra (dpm/L)  **Ra(dpm/L) **Ra/**Ra
BMWI-M1 2010/4/25 110.798 19.603 18.2 13+0.64 0.39+0.06 34 A
BMWI1-M2 2010/4/25 110.798 19.603 21.2 15+0.64 0.73+0.09 21 B
BMWI-TD 2010/4/25 110.798 19.603 28.9 22+1.5 0.67+0.18 33 C
4BMW2-TD 2010/4/27 110.795 19.618 18.9 11+£0.34 0.46+0.06 24 D
4BMW2-M 2010/4/27 110.795 19.618 23.9 17+0.52 0.67+0.10 26 E
WCWK 2010/5/4 110.800 19.603 19.1 8.84+0.30 0.35+0.04 25 F
LY-5 2010/5/4 110.793 19.624 19.4 14+0.77 0.50+0.06 28 G
LY-6 2010/5/4 110.791 19.626 20.8 12+0.87 0.51+0.05 24 H
LY-4 2010/5/4 110.795 19.620 23.3 17+0.71 0.40+0.04 42 I
HSLI1-1 2011/8/13 110.782 19.621 43 1.6=0.07 0.03+0.02 49 J
HSL1-2-A 2011/8/13 110.794 19.614 5.9 4.3+£0.18 0.16+0.07 26 K
HSL1-2-B 2011/8/13 110.794 19.614 11.8 4.9+0.23 0.12+0.04 41 L
HSLI1-3 2011/8/13 110.795 19.613 13.3 5.1£0.43 0.13+0.01 39 M
HSL1-4 2011/8/13 110.795 19.620 13.3 6.3£0.35 0.17+0.02 37 I
HSL1-6 2011/8/14 110.794 19.610 15.0 9.8+0.46 0.29+0.09 34 N
HSLI1-5 2011/8/14 110.798 19.603 16.9 6.5+0.44 0.15+0.03 44 C

£2 XEWRLMBZFRYA PTh. PRa WILLFEMTE A LLE
Tab.2 The activities of ***Th and ***Ra, and the **Th/***Ra activity ratio observed in the riverine suspended sediments in the
Wenchang River

(°E) (°N) 28Th (dpm/g) 28Ra (dpm/g) 28Th/***Ra
1 2008/8 110.766 19.625 4.4+0.89 7.8+£0.90 0.57
2 2010/4/25 110.752 19.635 3.0+0.84 7.0+0.92 0.43
3 2010/4/30 110.732 19.653 4.0+0.64 11+0.69 0.37
4 2010/5/8 110.753 19.635 2.7+0.64 10+0.69 0.27
+ (n=4) 3.5+0.80 8.8+1.7 0.40
, 228Th/228Ra 1; , , 228Ra
, ’ 28TH/228Ra , :
228Th/*®Ra 1 (Moore et al, , , 2287h
1973; Olley et al, 1997) , 1.9a, **Th
, 0, 28R4 28R4 , 22871/
, 228T1/228Ra 1 28R4 ,
, 2871 /228R 4 ,
3.3 28Th  *Ra 3.4
3 28Th  22%Ra 4 2010 4
28T 22%Ra 0.53—
1.3dpm/g  0.67—1.4dpm/g, 228Th/*2*Ra 0.54—0.81 , 17.5—330pm
0.72—0.92 , , , ,
,  **Th/**®*Ra 10.2%—23.0% , 15.1%—51.1% ,

0.27—0.57 ,

25.0%—74.7%

(1999)

>
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Tab.3 The activities of 2*Th and ***Ra, and the **Th/***Ra activity ratio observed in the surface sediments in the mangrove wetland

(oE) (oN) 228Th (dpm/g) 228Ra (dpm/g) 228Th/228Ra
4WM6-1 2009/4/12 110.804 19.593 0.99+0.07 1.1£0.1 0.86 P
4WM6-2 2009/4/12 110.804 19.593 0.54+0.05 0.67+0.04 0.80 Q
4WM6-3 2009/4/12 110.804 19.593 0.53+0.05 0.74+0.04 0.72 R
GHQ-2 2010/4/23 110.796 19.607 0.69+0.03 0.83+0.03 0.83 S
GHQ-7 2010/4/27 110.795 19.618 1.1+0.1 1.2+0.04 0.90 E
GHQ-8 2010/4/25 110.798 19.603 0.81+0.06 0.96+0.03 0.85 C
GHQ-9 2010/4/25 110.798 19.603 1.0+0.1 1.240.05 0.87 B
GHQ-12 2010/4/25 110.798 19.603 1.3+0.1 1.4£0.1 0.92 A
x4 OHHRRHOTRMILBEEFIRE S TER
Tab.4 Porosities, grain sizes, and clay, silt and sand contents of surface sediments in the mangrove wetland
(um) % % % *
GHQ-2 0.54 330 10.2 15.1 74.7 S
GHQ-7 0.63 69.5 19.0 29.3 51.9 E
GHQ-8 0.75 50.5 14.6 40.3 45.1 C
GHQ-9 0.81 32.0 17.7 47.3 35.0 B
GHQ-12 0.68 17.5 23.0 51.1 25.0 A
*: (Subcommittee on the Sediment Terminology, AGU, 1947)
2 2 2
, : Bega
3.5 , (125—500pum)
3.5.1 2 20%  ( 7.2)
Webster (1995) , 70%
Bega , ( >25)
, 2.6g/cm’, ), alb=
R 208,  Webster (1995) R=128, 3.0x10*  Ae=1.1x10°dpm/L, 5
(2) R Bega
3.0
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—~~ i 4 AR
S20 STRIFTRYD J/§/+ 0.36—0.40,
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Fig.2 The effect of various salinities on the measured and ! Beea /
modeled dissolved ***Ra activities for the sediment sample g ’
collected in the mangrove wetland Bega /
224Ra
3
Bega ( 125—500um) 224Ra >
, alb Ay, ®)) 0=0.6, (6)
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Tab.5 The comparison in desorption between the sediments in the mangrove wetland and in the Bega River

Ao 28Th
alb (dpm/L) “Ra_ (dpm/g) (dpm/g) s
/ (<63um)* 1.4x10* 6.6x10° 4.1 7.0 59%
/ (125—500um)* 0.9x10° 3.7x10? 0.25 1.0 24%
(Imm)* 5x10% 48 0.030 — —
3.0x10* 1.1x10° 0.44 1.2 35%
*: Webster et al (1995)
34.5 1995), 9)
’ Ky =—ox P ©)
3 0 1, (6) bS  py
Ao R , : s Pw . lg/lem’; pg ,
, 2.6g/cm’
3 )
a/b=3.0x10", 9) Ky S
22 . ‘ : Kg=4.0x10/8, 3.6
5 ‘ B |
£ 20 3.6
" 10 3.6.1
%% 1 2 3 4 5 6 K, 11 *'Ra
IRHERE 2 3
3 24pa i
Fig.3 The effect of multiple leaching on the measured and 2244 -3
modeled dissolved 224Ra activities for the sediment sample 4 224 ’
collected in the mangrove wetland Ra Ra Ky
“'Ra (Moore et al, 2011)
7 ’ 2R, ’ , 224Ra
( 223Ra, 228Ra 226Ra) Kd ,
, 24p 4 ,
, 28T ,
: s ’ K, ’ 24p 4
, 224Ra 228Th , ,
, 24p 4 ,
, alb 229Ra 229Ra
Ao,
3.5.2 Webster
Hancock (Webster et al, 1994, 1995;  Hancock (2000) Zeck
Hancock et al, 2000, 2006), - . **Ra-"**Th
o, (8) : 0—0.25¢cm ,
-1
a >
o= [R +£} (8) , 24p.,
e Ky 28Th , Sun (2001)

(Webster et al, Barn
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, 24p o 28T,
, R 10cm
12.5cm ; Barn
, 22%Ra 30cm
28Th , Krest (2003)
Everglades ,
10—50cm 2*Ra
28Th , 50cm ,
24p 4 , 24p 4
228Th , Cai
(2012) , 0—4cm ,
2241{a 228Th
, 224Ra_228Th ,
Ky
, Ky
3.7
, g 24p 4
0.44dpm, (ps)  2.6g/em’,
(D) 0.63, 1L
962g, 1L
*2Ra (P) 4.2x10°dpm
4.5 ,
i 24pa (4,)
,  1.6—22dpm/L, K, 10y 6
Ke=t 0% (10)
psdy (1-2)
3.6.2
24p o K,
, ) 4
) , 224p4
Ky Ky ,
22'Ra Ky S
K,=8.4x10%/S; Ky S
: K=4.0x10°/S
Rama (1996)
, Ky
, Sun (1998b) ,
Ky Krest (2003)

*o6 TAHBERK > Ra FEEITEIELL Ky
Tab.6 The distribution coefficients (K4) obtained by the field
data of ***Ra activities in the mangrove wetland

Ky (cm’/g)
BMWI1-MI 18.2 32
BMW1-M2 21.2 28
BMWI-TD 28.9 19
4BMW2-TD 18.9 39
4BMW2-M 23.9 25
WCWK 19.1 49
LY-5 19.4 30
LY-6 20.8 35
LY-4 23.3 25
HSLI1-1 43 2.8x10?
HSL1-2-A 5.9 1.0x10?
HSL1-2-B 11.8 90
HSL1-3 13.3 87
HSL1-4 13.3 69
HSLI1-6 15.0 68
HSLI1-5 16.9 45
900 *» BIWHEIR
750 B AEINSR
50 K= 0%10%S m BARIRSCE
S 600
§ 450
:" K,=8.4x10%S
300 (R*=0.71, P<0.01)
150
0
0 5 10 15 20 25 30 35
HE
4
224Ra Kd

Fig.4 Comparison in distribution coefficients (Kq) calculated
in two distinct methods based on desorption experiment and on
the field data of **Ra activity in pore water

B

0.8—1.5mg/L R )
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(Hancock et al, 2000; Sun et al, 2001; Krest et al,
2003; Cai et al, 2012; Cai et al, 2014)
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Fig.5 The ***Ra/**’Ra activity ratio for the pore water samples
collected in the mangrove wetland
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Tab.7 The values of maximum exchangeable radium content and desorption ratio in different regions

y:
(dpm/g)
2%Ra 4.1 0.59
Bega , *»Ra 0.12 0.45
Webster et al, 1995
( : <63 pm) 22Ra 1.2 0.26
2%Ra 2.0 0.30
224Ra 0.24 0.24
Bega , Ra 0.0088 0.18
Webster et al, 1995
( 1 125—500 pm) 2Ra 0.14 0.16
28Ra 0.32 0.30
224Ra 0.032
Bega s
2Ra 0.0064 - Webster et al, 1995
( : 1 mm)
28Ra 0.016
224Ra 1.2 0.4
Amazon 28Ra 0.8-1.8 0.3 Moore et al, 1995
22Ra 0.4-0.8 0.3
224Ra 0.30
Ra 0.041
North Inlet 0.4 Rama et al, 1996
22Ra 2.5
228Ra 3.1
224Ra 0.16
Everglades - Krest et al, 2003
Ra 0.0038
24Ra 0.0533 0.07
Spiekeroog Ra 0.0038 - Moore et al, 2011
228Ra 0.0367 0.05
224Ra 1.4 0.38 Gu et al, 2012
224Ra 0.44 0.35
#x8 AREIREMMY K, SHENER
Tab.8 The relationship between distribution coefficient (Kq) and water salinity in different regions
Ky (cm’/g)
Hudson 0 2.1x10* Liet al, 1979
Everglades 0 10>—10° Krest et al, 2003
Hudson 35 235 Lietal, 1979
Bega , ( 1 <63um) 0—36 2.7x10%/S Webster et al, 1995
Bega s ( 1 125—500um) 0—36 3.4x10%/S Webster et al, 1995
North Inlet 23.4—37.0 16 Rama et al, 1996
Waquoit 5—30 90—1100 Gonneea et al, 2008
Indian 0—23 5296 Cable et al, 2009
0—35 8.4x10%/S
Ky
4
b 8 b

35 Ky 24 22%Ra ,
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EFFECT OF SALINITY ON RADIUM DESORPTION FROM SEDIMENTS
IN MANGROVE WETLAND, HAINAN

GU He-Quan' ?, ZHAO Feng®, JITao', WEN Ting-Yu', ZHANG Jing', DU Jin-Zhou'
(1. State Key Laboratory of Coastal and Estuary Research, East China Normal University, Shanghai 200062, China,
2. South China Sea Environment Monitoring Center, SOA, Guangzhou 510300, China)

Abstract The desorption of four natural radium isotopes (***Ra, **’Ra, **Ra, and **°Ra) from sediments affected their

behavior in land-ocean interaction in coastal zones. According to indoor experiment and field observation on **‘Ra
activities in pore water of sediments, we studied the effect of water salinity on radium desorption from bottom sediments in
mangrove wetland, Bamen Bay, Hainan. The results show that the sediment contains 0.44 dpm/g of exchangeable ***Ra,

228
1

which corresponds to approximately 35% of the total “"Th activity. The field observation data revealed an inversely

proportional relationship between the distribution coefficient (Ky) and the water salinity (S): Kq = 8.4x10%/S, which is more
representative of the real behavior of radium desorption from sediments as compared with the results of the experiments.
We deduced that the ***Ra->**Th secular equilibrium was approached in the upper 25—40cm sediment column. In contrast,
the deficit of **’Ra relative to its parent **'Th occurred possibly in the mangrove wetland.

Key words radium isotopes; sediments; distribution coefficient;

salinity; mangrove wetland
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