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Abstract: The speciation and solubility of americium in Beishan groundwater and Southwest
China groundwater were calculated using a newly developed geochemical model CHEMSPEC
by Peking University. Influences of pH, Eh, different ions and presence of Si on the specia-
tion were investigated. The results indicate that americium exists as trivalent Am([[[) in the

two different groundwaters and the species significantly changes with pH values. Under
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acidic conditions, americium mainly exists as AmSO, , Am(SO,); and Am*". While in neu-

tral or weak alkaline conditions, the main species is AmCO; . When the solution is in strong

alkaline condition, most of americium exists as Am(OH),. When Si is present in the Beishan

groundwater, the main species is AmSiO(OH)%" in the pH range of 6. 5-9. 7. The concentra-

tion of different ions also have an influence on the speciation distribution of americium, and

in the order of HCO; >F >SOi” >Cl .

The solubility of americium is greatly affected by

pH and HCO; concentration. When pH value increases, the solubility of americium decrea-

ses. The solubility of americium in Beishan groundwater (pH=7.56, Eh=164 mV) and
Southwest China groundwater (pH=7.50, Eh=0 mV) are 2. 01 X 10" " mol/L and 1. 60 X

1077 mol/L, respectively.
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Table 1 Equilibrium and thermodynamic data for Am
il 2% (Species) k2% 52 % 75 #2 (Chemical equation) lg K
AmOH?! Am*T +H,O=AmOH?" +H™" —7.3
Am(OH); Am** 42H;0=Am(OH) | +2H " —15.2
Am(OH), Am®* +3H,0=Am(OH); +3H" —25.7
AmF?* Am** +F~ =AmF?* 3.4
AmFg‘ Am?t +2F :Asz‘ 5.8
AmCl* Am*" +Cl™ = AmCl? 1. 05
AmSO, Am’* +802" =AmSO/ 3.85
Am(SO,), /\m'*’JrZS()Z‘ :/\m(S()L)Z 5.4
AmNOZ Am** +NO, =AmNO?' 1.33
/\mC(): Am** +HCO, :AmC(): +HT —2.5289
Am(CO;), Am3++2HC();:Am(C()?,>; +2H" —8.357 8
AHI(C()g)iZ AmHJrBHC()3 :Am(C()g)g +3HT —15. 787
AmSIOOM) " Am** +Si(OH), = AmSIO(OH)?* + H* L
Am(OH); (cr) Am*" +3H,0=Am(OH); (cr) +3HT —15.2
AmCO;OH (cr) Am*T +H, O+ HCO, =AmCO; OH(cr) +2H" —3.128 4
F 2 L =5 I 7K B0 g R K A2 2R R
Table 2 Chemical composition of Beishan groundwater and Southwest China groundwater mg/L
1 7K (Ground water) Na' NH/ Ca? K Mg?" Fe?
k1l (Beishan) 1036 0.12 183 15. 95 50. 4 0.033
7 Fg (Southwest China) 4. 17 0. 058 66.53 2.50 5.59 0.18
b 7K (Ground water) Cu?! Mn?* Lit Sr Al HCO3
4k 1l (Beishan) 0. 000 1 0.022 0.0112 0. 715 0. 06 130. 9
Vi (Southwest China) 0.196 0.024 0. 068 0. 247 220. 88
#1F 7K (Ground water) SOz F- Br- NO; cl- pH
4k 1l (Beishan) 941. 1 2.2 0.000 1 32.6 1193 7.56
751 (Southwest China) 44, 34 0. 46 10. 18 5. 40 7.50
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(a) . (b)
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Ca) : L 7K 8% 43 181 3% 5 ( After modification of the groundwater composition) ;
(b) : 4 F 7K %4> & 7 (Before modification of the groundwater composition)
Bl 1 Am ZEdb st R K o g RS o> A
Fig. 1 Americium speciation distribution in Beishan groundwater
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Fig. 2 Americium speciation distribution in Beishan groundwater(a) and Southwest China groundwater(h)
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Influence of Eh on americium speciation distribution

in Beishan groundwater(a) and Southwest China groundwater(h)
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Influence of different ions on americium speciation distribution

in Beishan groundwater(a, b, ¢, d) and Southwest China groundwater(e, f, g, h)

HEMESWRESAHNEE, B F SRR
B HCO, Mk AT Am (1 Fp 25 52 i £ Ry
W, A 8 10 mol/L B, HE R AW &
WO IF IR REAL, 58] 10" mol/L B, B R AW
WRERERRAL 3 2 4 DMEE S, & i, PUFh s
T Am B A SE W 1 K /NEY y HCO; >F >
SO =>Cl 3k — 7 55 3% 26 B & F1 Am JE i
BC A WY B8 01 K/ A AN TR) 32 222 B AE

F SO MF . EAEENEHEQ3/6 i E
TAbil 3 5T K AN B T Am [ B 2
SR NG R A IR S F O
R R BETE 0~50 mg/L AL F W b & —
SERM AmF fife, HH S Bl F o E NI &
MG K, 24 F Ay BT ¥ B2 35 3] 50 mg/L B,
AmF”El’J/“EEILJ¢§U 10 % CEE IR 43 %50 - T H

EAmMXMEN G B EH — & BEREMK: Y



5053

FESETL A - A 75 T RIS [R] 3t R K b o il 285 4 A B 1 Ak JE 43 B

269

WP SO /B e BEAE 100~1 300 mg/L 742
By Wt Am-SO, T2 & 9 1 & BARAR, 7T LA
Zug, HHEMER & EBAIR N, Kt
RAZ F X Am By R3S 20 A B 52 00 R T SO
. AR —-HRNEZEFERE . F 2d—1h
HLAAT 9 25 7 SOT J2& 4 P 170 far /9 25 5, 7EAH
B E T FOas R 8L SOT RiG£,
Y W AR, F A3 B b SO 11
WERRZ, MEXMWAHE TS Am BB G Y
BIFa B H BUE 4 B 1lg K=3.85(AmSO, ) #l
lg K=3.4 CAmF*" ), M 22 A K. &% & ffi 1%
AmF*" B4 g AmSO; KB EF X Am (1
TS I3 A6 W2 R 1 SO .

SR UL, BC A )RS E WS A REE AG
AR S BC A W B e 1 0 TF 0 o o TV T v
BC & W0 Y A= R BRI B W AR RS E RO R
S B S A R pH B R B DL R R
SEHMIRI R A K. B AEH 5 Am 1 Fh 25 20 A
TE LI S SRR B B AR AN R B B ik
AR A 25 0 A B e TS BE A o B A )
FR RS E RO ) T
2.4 AmWABERERINEERDH

VAR BE UUE T R TEVE W AT BEAFTE 1Y e K
W RS ELAE R e B Y HORE RS R ) L A —
NEESE R, A TR T Am 72 P F T K
WV A R BE pH AR AR R L. 25 SRR T 6.
B 6 n] L . Am A5 PSR 2K HR Y U i
B pH B2 LB HIEA M. 2 pH<<7.0 0,
Am fE P Mo R K R O OR T
10 " mol/L;Y4 pH>7.0 LI)5, Am fEF fp s T
KR R BEIRE pH T R, TE R
P B 25 F T (Jb i T KpH=7. 0~8. 0, P4 3

(a) AM

Am (OH) ,(cr)

107F AmCO,0H (cr)

¢/ (mol+L™")

3 4 5 6 7 8
pH

9 10 11 12

¢/ (mol+L™")

K pH=7.0~9.0), Am 1A B 3%
AmCO; OH Cer) 45 il o 10 7 5% E 7 52 1) 25 44 T (b
Wi~k pH=8.0~12.0, P #h /K pH =
9.0~12.0),Am WM E F 32 Am(OH), (cr)
el FEBEHL T UK pH 248 T (il R 7k pH=
7.56, P9 T K pH=7.50), Am 75 P T 7K
HR AR RE 43 B4 2. 011077 1. 60 X 10~ mol/L,
XSRS FRES R Kim Y AR A A
RIAR—, B 5wl LLA B Fh R K
AmCO; OH Cer) # il %5 fif B 1930 [ A — & 1 22
o T ECAT BT RS R K 2 T L& B, P
iRk H HCO; By i i W o 2,21 X 10° mg/L
KFAb 1 T K d g 1. 31 X 10 mg/ L, B 76 74
m LR K AmCO; OH Cer) B 45 55 T8 ittt /2
Ui, HCO, A BE 2% Am A T0TE A RIS I fift
PR R A TAEH 2T AR A HCOy WEET
Am GG SRR TR 7, HE 7 /LR
LB HCO; e B 19 B AL, AmCO, OH Cer) 5
5 A7 00 Y L W /)N » AmCOHD 5 Cer) 5 761 8
fife 2 114 00 B 32 T R X — 25 R 5 Mol %0
LHEER L,

eI R K H L 24 HCO; ¥R 10 % mol/L
W, R pH MG, Am % g 5 R EZ1E T
F&(pH=7.00~8.75) J5 flt ik - F+ (pH=8. 75~
9.50) IR JEHRE TR (pH>9.50) Byt 8., X2
I RAE pH=7.00~9. 50 Y3 Bl P9 4 i v file 2
18 AH 5 AmCO; OH Cer) L ‘B Y 1 i 25 Bl pH 1
Thim Je /N E R, 2 pH=8. 75 I . 7 — /)
fH. 4 pH > 9.50 BF, 5 il % ff 2 09 & A5 R
Am(OH); Cer) , o fif B pH 9 3 bk R
. BIGTE pH=9.50 &bF —4$Pidi. 4 HCO;
B e B R 2] 10 ° mol/LAt s AmCO, OH Cer)

AmCO,0H (cr)
Am (OH) ,(cr)

(b) AM

1 1 1 1 1 1 1 1 1 )
3 4 5 6 7 8 9 10 11 12
pH

K6 Am FEJE R K Ca) FPY T 3T 7K Ch) A i) i35 i 2

Fig. 6 Solubility of americium in Beishan groundwater(a) and Southwest China groundwater(b)
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Influence of carbonate concentration on the solubility of americium
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