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Abstract: The transport velocity of radioactive pollutants in groundwater is an important parameter for
predicting whether they pose risks to the surrounding ecological environment at nuclear test sites. It has
been widely reported that Pu(IV) adsorbed on the surface of natural colloids(i.e., formation of plutonium
pseudo-colloids) has faster transport velocity than that of the porewater in porous media. However, how to
accurately obtain the relative transport velocity between colloids and porewater remains unanswered. The
previous single-point method(i.e., using only one data point on each of the two breakthrough curves), lack
of the theoretical support, is considered as only a rough estimate. This method cannot even be used in many

cases. For example, when there is little difference in the transport velocities between colloidal pollutants
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and tritiated water, the effluent concentration peaks both appear in the same test tube collecting the

effluent(i.e., they have the same effluent volume). Note that the transport behavior of tritiated water(an

electroneutrally inert tracer) is consistent with that of the porewater. In a long-pulse transport experiment,

the breakthrough curves exhibit prolonged plateaus rather than showing concentration peaks. As there is no

concentration peak, it is impossible to compare the transport velocity of the two pollutants. In this study,

the mixed tracer sources containing plutonium pseudo-colloids, tritiated water, and Sr** were injected into a

column packed with porous media(soils) to conduct a transport experiment. The column effluent was

collected at regular intervals. The breakthrough curves for plutonium pseudo-colloids, tritiated water, and

Sr?* were obtained after their concentrations(or activity) in the effluent were measured. The results show

that the transport velocity relationship between plutonium pseudo-colloids, tritiated water(TW), and Sr** is

v(Pu)>w(TW)>v(Sr?*). The quantitative relationships between relative transport velocities still need to be

accurately determined. The negatively charged plutonium pseudo-colloids were electrostatically repelled to

the center of the pore channels. The electroneutral tritiated waters were uniformly distributed within the

channels. In contrast, the positive Sr** ions were electrostatically attracted near the channel walls.

Accordingly, the expressions for the relative transport velocities of v(Pu)/v(TW) and v(Sr*)/W(TW) were

deduced based on the parabolic porewater flow and the differences in the electrostatic interactions between

plutonium pseudo-colloids, tritiated water, Sr?*, and the negatively charged pore-channel walls. The

accurate relative transport velocities were thus determined by using all data from the breakthrough curves
of plutonium pseudo-colloids, tritiated water and Sr**: v(Pu)/W(TW)=1.4, v(Sr**)/w(TW)=0.58.

Key words: soil porous media; plutonium pseudo-colloid; Sr?*; tritiated water; electrostatic interaction;

transport velocity

iR A% 7 A B BR B R i R (NS 45 )
HEA KT FK )2, IFBE MR KGR B, 8 R i
DI 300 A 25 P 5 1 T e KU 2T, b K Pk
SRRV G ) 0 S A% T AR VT AG 0B Bl Be ) R AR
Boim e MU 1) — A S8 Sl E DURUE
SPPIEBAEE . RIBAKRCRAE R 1 nm~ 1 pm) 7£
MR K Tz AAAERA BT PuCIV) B 5 0 B
PE, By 5 R A4 3R T 0 Re G AL, fR 26 DLW R 3
iz A 3 1T A= 1 A B (R ) G A (O R B I 4 ) T 2
WA 7 b 7K e 25700 B gk, R B A A i AR SR
S5 e 11 2 B A ) S R

WFoE 46, LB A T IR TE S 1 Pu( V) |
Am( 1) . Np( V) LK #9428 B 3 2R U190, 5K
S HL PR RIS M R B ], s FS R i AL B
K- B 3R R T A
e o N S I AT SN T CE NN L/ (R CPN
EEA R A iz B R 0 @R, RSP R s
R IG5 G 0] DL BT 1 (matrix diffusion)
B i A U100y T e A RUBBE ) 52 ), e 25 ) o 7
FL B30 T A B O SR R g, PR U L B S
T RE B 1 X8 (o DK o A 1) HEBR, 45 R
F IR P T B AL B K s B i %, LR

SRRV ri iR D T e 1 P DN A R N Y
PR R 25 1]

BRREY s R ERAR O 2
I8, EATS A O B ) 1) R figp o I A AT 3
LU AL BRUK 918 3% 3 AR 2 A, B A 5 B TS
W CAnBR B A ) 5 AL B K itk ) T 9 A4 X i
Fodi R o DU WL B 1) o B8 3 R0 22 53 U0 —
FOORECAIAG T, BeA BISBERLA SCRE > 1719, 7 2%
o 15 i 2 R TS W T A e L e JEE R K Y e
L e 2 o8 7 4 B A AR RS L (ELAR S B AT IR A AR
X is B A o I BB TR AU T TR A W I
5 2% b — R A A R TR 5 2k —
ASFERL SR, FTRE S EOR M M 25 o BLAh, BT
28 M LUBG RE W — > i W (E e, PR S R AR
ZYSP LM . BN, 5 RS BRUR K B
12 F% R 22 BN ORI, 7 B R L e R ) D L L
A — WA Al b, RO A [R] A4 8 L R AR DT 190
Kk b sc g, 8B M 22— DR EF G,
A W e B2 P2

FI AR K PR 358 v, T A 0 11 AR A J5 1) 2 ThT 249 A
SRR g R PR P20 T R R R AR A A o B L
B3 38 as B I O e P L B RE TR ) 7 A R



570

Btk Sty HaTE

HEJF B4, B0 e R ) 3= 2 43 A A FL B 38 4G oL
X3 DRy e i X s 4 K O R K (B A
TE K TR R R A SR A ) L B R ) 2 B
LG ALBR K PR Y iz A% R 0 SR L B E A
FE S, Se2+ U] A i R W 5| 2 B2 A7 7 3 3 BE B
14 DX 5k (ot DX 387K O T i 1 ) L T R 3% B R A X
(38 8% o e, AR B IS PR RN S JE BE (] (1)
HL AR FH 22 5 B4 P S R AL B K I B, 4 B S TR
JE R /R 7K R St/ K R e 8 23R ) e ik 5, 3 i il
FH 28 3 i 2k 1 BT AT B8 IO W A4 LA

A T AR RIAR 5 75 G 4 55 L B 18 B 1 )
1 i 22 5 R AL B K T AR, A ST BRI A AN
Sr2* 55 5T K [R] AH X 32 B8 3 e (A TR 3 it P A S
0 WS 1Y 2 07 it 2 B0 HE B v (Pu) /v(TW) I
v(Sr?) (TW), fiff g DA AE B B 5 3 TG 2k o ff BUAS:
15 Yl A 0] AH X 328 B o S 0 [n) B OB B A BR B4R
St i K TR A s BRI I AR AL B A i
(R A, S8 TS e ) (38 B SE 00, T BE . St
SR VR B (0% ), RS HZE B e .

1 SCIEERs

1.1 U FKF

Amicon Ultra-4 10 kD #& 3£ 4%, Millipore 2\ ) ;
D/MAX-2500 X §F AT LI, H A 2 k202
15 Axios X §F 28 58 6 G i,
ASAP2020 Wz B 1, Micromeritics 2\ A ; Zetasizer
Nano ZS 44 K k7 B B %, JE [E Malvern 23 & ; Wal-
lac 1414 ¥ M I JR 3% 1%, PerkinElmer % 5% 47 PR 2>
Fl; VISTA-MPX Hi JEHE & 45 3 1 IR i 1 & 31615
{X (ICP-OES), Agilent /A ] ; ELEMEN HLJ&HE & 45
B 7K 3% 3 (ICP-MS) , Finnigan MAT.

2-WE Wy B — 55U B (TTA, 2658 99%),
Sigma-Aldrich 24 7 ; Sr(NO;),. NaNO,., NaCl, Na-
OH ¥ T 34 v T 45 40 A7 4l 38 500 1 ol 5 A 7K o %3k
53 R K 4 ZE AR B AL S ) o

W T 8 b R S Y Y R AR S BRI,
i J B L T ) A 75 YL is B8 S 5 b iy AL
B2 A 5 CRLAR 300~ 700 um, T [A] ) A1 4 3 e 44 (i
AR <300 pm 1Y 1 A SR .
1.2 TEREARE

- M8 e A R B 32 B A AR 8 150 g M
i Je 4 - SR i CREAR <300 um) 5% 7% 21 B 55 B AR
e, I HC W 25 BR A5 ER, B A5 3 80 (15 min) |

o[ =% Panalytical 2\ A ;

U Bk 7E <1 pm 1Y 1 )2 - 38 5 A Ak 77 YR T
B Y — B b AR IR (4 °C)EAE; B 5 0388 75 43k
S G A S8 i A B B W (25.0 mL) 43 B 5% R = V1B
RUE O, 25T 50 C oL T EFrE . &
8 o A BE VT MR S (267 + 6) mg/L, i B AT HRL
15 2% P i B 10 8 B AR S VR . B IO A M AR
FH T il £ BR e 1
1.3 TEFALEA RN T IER AR RIE
1.3.1 b2 RAE HHERE S WAL X S 2
T 580635 I 4 50% (i 404, T IR A9, 15%
BHAT, 11% B, 6% 1IEK AT, 5% Jrfit 41, 4% [
A, 4% BREAT, 2% N, 1% A8, 1% EERT,
1% FHoAth o+ 3ERE S 9102 B4 i XS 2588
B A2 60.48%( S5ttt 3%, T [F]) Si0,, 10.44% ALO;,
8.95% Ca0, 3.55% Fe,05, 3.25% MgO, 2.37% K,O0,
2.04% Na,0, 0.44% TiO,, 0.10% MnO, 7.78% %2
LIS
132 HERWERL A L R A 5 A A A AR A R
I R /58 B A I R W BRHCAE 77 KRR SR
D 58 B . FH BET b 2 1A ARk A 331 W% A 45 3 2
S RG-S L B A 5T R A i A A L 2 1 AR
439 15.7, 69.4 m?/g, FLARFLS 58 0.022 5,
0.263 cm’/g,
133 JRRAR 3 AR B R AR g KR H
LA B o B W A ZH B - 0.002 mol/L Na, pH =
8.5, 100 mg/L - HEfe A . I45 1 4 1 it 1A A 42 Ry
(460+78) nm, H AHXIF4 7€ .
1.3.4 FRmBE s g BB R T E
Wk v B A, ph 7 ) OB 3 5 BROBLAR K F 10 um
L 43 o Fh 9 oRORE B FL A A 43 S0 /) F 10 pm
149 £ 43 R - 498 e AR B V7 Y FRL 8l LAV (=2, pH=
8.5 1 0.001~0.5 mol/L Na*) .
1.4 SEBEMR.Sr* mKRE RERIR

P4 Ab 5 9 2°PuC IV ) 75 0% % A 2R DY 98
&0 L % T v g e A B TR R R, R T e
5 min, ff} 0.5 mol/L NaOH i# ¥ i #% & 3% & pH &
8.5, MLV R kg PuC IV ) I B 380 -+ 458 Jie A 2 18 A2 1
(BN S AR PP I . Pu( V) 5 4 38 e A 2 T A ik 42
FA B L8 1, A ARG B R I A PP S R
= SOPu(OH), [, 4 if & (1) fi 7K F1 Sr(NO;) , 45
S T B B A4 v, B BR AR L Sr2L i
KR G R BRI o TR A 7S B TR Y 28R - EVBR U
R 1x107° mol/L, 48 JiE 44 ot i ¥k &£ - 100 mg/L,



55 53]

P 45 R EFLBRAY BT SRR MR L Sr2* | SR (Y 18 B 6 22 S

+ S s LT 5 571

o b 1% FE R 800 Bq/g, Sr* ik i 247 0.006 5 mol/L, Na*
e FE 7 0.01 mol/L, pH= 8.5, 4 5% Pu(IV) 4li fk Fll 4k
i A il & %) T 1 48 R T 2% SR [5].

RS T A R R, IR G R R St E L
S B AETE (c(Sr¥) /e (ST) >98.2%), F W
ST AN 2 LA W B 1) - 9 fie 1A 3 T 1) A2 AR 1Y B
BAFTE, R A 1) 2 T 47 336 P B e A 17 3¢ T
LM Se2TR] 7 AR ) R 5 AR R 23 52 i £
Ji A T S+ 5 A K AR X 2 B B . SAIESE Pu(IV)
R W A AE b M R AR R T, 58 B LA R 56 UE SC B,
SERFIAZFK 1. W1 mL SRR B V2T 10 kD
B S ok R, B RS T BA R DR R IR B £ K
A PuCIV) 3% o U B 22 08 0 A8 JRC S, 28 o ) 4
Pu( V) . H #=(co—cp) /cex100%, 7] 75 0% [} 7¢
+ e AR R PuCIV) (RS ER ) 78 80 B R & 77
Wy L CED B S BR AR 20) o o 53 501 R
SVER VR BE | KA MR B o AR 1 AT BRI AR
BEIRWH PulIV) FE RS AETE, B 7R B
c(Na") Xf Pu(IV) I JE 2552 AR K

1 BRI AR VR VT W B A A R A R T Y

Pu(IV) 4

Table 1  Sorption percentage of Pu(IV) on soil colloid

in colloid suspensions

c¢(Na*)/(moleL™") % c¢(Na*)/(moleL™") %
0.002 99.6 0.20 99.3
0.012 99.4 0.30 99.2
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0.11 99.3 0.50 98.6
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Fig. 1 Zeta potentials of soil porous media and soil colloid as

function of Na* concentration
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Fig. 2 Breakthrough curves of plutonium pseudo-colloid, Sr**, and tritiated water in soil porous media
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