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Abstract: In order to study the adsorption kinetics of key nuclides from nuclear power plants
on marine sediments, the adsorption kinetics curves of *Sr, ""Cs, *Mn and “Co on three
kinds of sediments were obtained by static batch experiments. The experimental data were
fitted by multi-stage adsorption kinetics model. The distribution coefficients (K,;) of *Sr,
¥7Cs, **Mn and *"Co on the three sediments are 1.8-3.0, 71.5-128.0, 23.1-167.0, 160. 0-
188. 0 mL/g, respectively. The K, is good agreement with the experimental data, indicating
that the adsorption behavior of three sediments can be characterized by the first-order
adsorption sites. The key parameters of adsorption kinetics were obtained, including adsorp-
tion rate constant, desorption rate constant and maximum adsorption capacity per unit.
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Table 1 Analysis of mineral composition and organic matter in sediments
w/ %
TR — - —
A pagss A glefa A I fRf e e £k EER N
N1 20~25 10~15 15~20 10~15 25~30 2 6
N2 45~50 10~15 10~15 3~5 1 20~25 1 5
N3 40~45 10~15 3~5 - 35~40 2 6
£ 2 UL LA o b
Table 2 Chemical composition analysis of sediments
w/ %
TR
SiO; Al; Oy Fe, Oy K,;O Na; O CaO MgO
N1 56. 3 20. 6 4.7 1.7 1.6 0.6 1.3
N2 73.6 10. 8 3.1 1.2 1.1 0.8 1.0
N3 60. 8 17.5 4.2 1.5 1.6 0.3 1.1
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Table 3 Analysis of chemical constituents in seawater samples
N AL IR IR AJEAE/ (mol « L1
e HL AL/ mV ot Mn Co Cs Sr
N1’ 170. 4 8.3 3.2X10°8 3.4X10°8 2.0X10°° 5.7X10°°
N2’ 162. 3 8.3 2.0X10°8 3.6X10°8 1.8X107° 6.1X10°°
N3’ 179.1 8.2 3.1X10°% 3.7X10°8 2.1Xx10°° 6.1X10°°
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Fig. 1 Adsorption kinetics of nuclides on different sediments
2R B B A BT R R R I R A SR B PR Y A A5 I 23 B R K
W R )z, 3 B0 R Y W R R Table 4 Distribution coefficients
W AT I 7 Cs 55 Min7E W B 5oF 78 o 3 3 % AF of nuclide adsorption equilibrium
T HE R Bl S I R A5 bR s R R T A2 . e
. A [E¥ 3 LR A /Bq 1
OB I 2+ S W B o o 15 0 A Ka/tml. - )
R A B A 1 I R 3 5 T Co 7 AN ) "Sr N1 2 300 3.0
OB b 1 082 B 3k 5 b s DR B A 4518 R Y Nz 1535 1.8
1 P 5 LA e R N 2 050 X
73 BE 28 BCRE SN HR AN [R] A Jo 0 A% 2K 169 WK B E H7Cs N1 4725 109.0
T+ JE A5 BT R AZ 2R B Y EDWLAA I L B2 5 Nz 4 526 7.5
M BT RR ) X A% 2R W B BE 0 1 A T A A A L N3 4786 128.0
Jot 4 SR A ) R O BR A AR W) LA R KS 5 ) "Mn NI 1840 1670
S5 2 T TEAS [] PR BT 45 10 2 B i 1 Wi B B A7 Nz 1823 1440
BORZEIM o X ity 78 305 30 W o~ A6 F 71 AR A% % 19 N3 1360 23.1
SR R R R MK, o 190 158.0
A \%4 N2 1675 160. 0
= RV
K, A—A." m N3 1690 188. 0

Forbr e AL Sy W BB ST 45 IR ) [ AR AR RS BE L Bas A Ry
PN R B BE . Basm Ry B A BT . g5V R
A B, mL. 254 5 3 e R EAE R T3k 4,
Wk 4 PR, SrfE R UL B R R
1.8~3.0 mL/g; Ky (¥"Cs) iy 71.5~128.0 mlL/g;
K,(*'"Mn) 2}y 23.1~167.0 mL/g; K, (*Co) K
160.0~188.0 mL/g,

D Aoy 3 Uil 85 4 2 i

Horp, SrgE N1 UUAUY 1 i W% B & f ks
N2 b W B fe /D 5 45 6 W B Bl ) 2 2 B ) B &
B AR AE N1 5 N3 GO 1 0% B s, 78 e 2 %
BF B BE (24 7 d AT W B R 25 AN K W 22 S
T BB B (2 7 d JE) A A AL



412

Bz Sictey H4azg

AP0 A% R 45 B AT W . e 3 A A I
W N1 5 N3 W GE 7 By 22 51 3 2R I8 T A Bl
BiE . i N2 il T4 O 297 #) . Fe, O,
(ALY UL AL &y i, #H
A 55 I W B B . TR B, X F T Cs, 78 PR I R
B Bt (29 7 d i) W B o R 25 18 K 7 15 0 Y B
B (7 dfg) W Bk & A B 22 50 . J A D TR ) AR Oy
AL S HE 20 . AH B, CoTE Fir 151 W B B B
AR 22 591 28 W W B S R g N1T>N2 >
N3, 23 A1 Jit 5] Sk = Fof 370 B 4 % °° Co 1) 45 W i B
ik 5 5 S N1<<N2<<N3,

1M Mn7E = Fp T B4 b W R 47 o 57 S,
PTCsIA R AR R N3 Ay W B o A /)
e 5L R A DL AR R AR K RE pH LA K My
IKE B TR 5 T AR NS JURR P A Mn i)
W R i O R i — 20 Y S 0 E AT T

2500 (b)

2000 1500¢
o L
Z'1500 1000
1000 ~
< ~ 500t
500
0 of

2.2 HEBESHYMEER

PEZ U EIPIER S NIE-2 % SN
DURRW b iy W B o 7 ffy £ A7 10045, © 0 A Y
ZHFNFERS, B THEUEHNSEA 3, il
B SAETE 2 S B, T T 2 500 e
WA S AT . SR A
ORI 0y R b 3 oty R 405 ROR R T2 1812

#5 CHBEBSH

Table 5 Known model parameters
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Table 6 Fitting parameter values of each nuclide

(33 LY kn/(mL g ' eh 1) ka/h™! gm/(Bq s g ) Kq/(mL+g™ 1
90 Sr N1 0. 707 0.217 1. 823108 3. 259
N2 0. 257 0.120 3.221X10° 2.137
N3 0. 680 0. 237 6.711Xx107 2.872
137Cs N1 49. 224 0. 408 9.913X 106 1. 211 X102
N2 43.953 0. 544 5.723X10* 8. 081X 10!
N3 49. 500 0. 368 1. 144 X107 1. 352102
Mn N1 26. 709 0.134 9.992X10° 1. 989X 102
N2 63.223 0.422 2.443 X108 1.502 X102
N3 3. 786 0. 146 9.831Xx 106 2.594 X 10!
%9 Co N1 18. 127 0.065 7.642X10* 2.793X 10?2
N2 7.677 0.029 1.097 X 10° 2.651X10?
N3 1.182 0. 005 4.772X10° 2.362x102
H:Ka=kn/kn

R4k 22 % Bt 5l g 2 A B, 21 WG Bk 38 -
BF A3 TE R A Ko 8 Ry W B 3 238 85 5 i Wi 3 2
R LUAE XL I A5 19 2 84T 4 i Je kB
W BT Ky {55 S5 i i Ko (H4F 6 85
4 LIS S B RE I WA % R AR TR
MW B 2 gk . iR 6 WA SR,
OSr T CsTE A UL W b iy W B A 2 %R R
AHZEAN T U B =R i AR ) 6 S 17 Cs 114 W BT A3
BrJe AR R By 2 B0 A (R 0 W B A O O X T
"' Mn, " CofE = F L ARy - 0 W BFT Ak 12 328 48 5 4K
FAAE G 2200, B = Fh DU X M, *° Co i 1
B AE T 7 2 AN TR 1Y 26 30 e A ) i 9 B A
5=

[ B s 485 5 FA 5 JOT A5 1) SR A7 e KR S i 4y
SR RIS 2 AU X A (Sr T Cs) I
L0 AH [ ) W BEE A T O 2B A e R R FT e
R 2 T -7 [ A 5 R B K 7R W B Bl 2 il
2 rp 2 I T O W B R AR 5 i 2 = A g AR
X R (O Mn, " Co) & B H A [m] 1 W B 1 1 7 =8
B I R 2 PR s A ] A B A L R A SR Dy B
R Wz BT 8 B A o 2 o P A [ R R N L 7R

Wi 2y =7 il £k v 3R B N B W B R O T
Coly M B

3 & i

WS RE — R T A R S, s,
0 Co " MinfE AN [ ¥ ¥ T AL Hh 1 TR B 3l ) 2 51
5 0 T AR 1 2l ) 2 il e R T 22 O Bt Bl 0 A
RUPEAT R A5 DL 4518

(1) "Sr.""Cs.” Mn." Coff = F Ui L 1)
AT BBy 1. 8~3.0.71.5~128.0.23. 1~
167.0.160 . 0~188.0 mL/g;

(2) R —HR M 3h Iy R A Ko 55
BT Ko 8RR A WA R MY -
49 W2 B AT S AT ER — U B R L AT SR AIE 5

(3) BRAF T & FE i Y W B B ) 22 RS
W 6 3 5 R A W R R A R B A B R T

NS

=

SE K
[1] Koarashi J, Nishimura S, Nakanishi T, et al. Post-

deposition early-phase migration and retention be-



414

Bz Sictey H4azg

(2]

[3]

[4]

(5]

havior of radiocesium in a litter-mineral soil system

in a Japanese deciduous forest affected by the Fuku-

shima nuclear accident[J]. Chemosphere, 2016,
165 335-341.
Kurikami H, Malins A, Takeishi M, et al. Cou-

pling the advection-dispersion equation with fully
terms to
model Fukushima
prefecture[J]. J Envir Radioact, 2017, 171: 99-
107.

VERR IS S S N NN B B
Sr-90# L HEFIFE R M ()], - 824, 2017, 54
(3):785-793.

F RS SIS NI I S DU
Sr-90BH #iF B i B i 52 L) 1. % 4 5 3 8% % 4R
2018,18(1):330-334.

Tipping E, Lofts S, Sonke ] E. Humic ion-binding

kinetic reversible/irreversible sorption

radiocesium soil profiles in

model V[ : a revised parameterisation of cation-binding

[6]

[7]

[8]

(9]

(10]

by humic substances[J]. Environ Chem, 2011, 8(3):
225-235.

Shi Z Q, Di Toro D M, Allen H E, et al. A general
model for kinetics of heavy metal adsorption and
desorption on soils[J]. Environ Sci Technol, 2013,
47(8): 3761-3768.

22505 - TR 4 R B IR R ) g 2 R T A
RIS [D]. TN A B T k2%, 2018.

Dittrich T M, Reimus P W. Uranium transport in a
and reactive

crushed granodiorite: experiments

transport modeling[J]. Journal of Contaminant
Hydrology, 2015, 175-176. 44-59.

Dittrich T M, Reimus P W. Reactive transport of
uranium in fractured crystalline rock: upscaling in
time and distance[ ] ]. J Environ Manag. 2016, 165
124-132.

TR AR B &y 5D T AR dE R
2#,2004,





