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Y¢ Ca-citrate-PO4 (20 mM) infiltration into 1-D column, 0.005 mL/minute, 50 cm length.
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Geochemical Equilibrium Re

S 1lation 2: 10 mM Na-citrate in oxic groundwater to determine citrate complexes.
Aqueous species molality mg/kg sol'n  act. coef.
Na+ 0.02983 683.2 0.8261
Cl- 0.008568 302.7 0.8261
Ca-Citrate- 0.005089 1162. 0.8261
Citrate--- 0.003532 665.5 0.1791
HCO3- 0.002622 159.4 0.8261
HPO4-- 0.001888 180.6 0.4657
Na-Citrate-- 0.0008160 172.4 0.4657
SO4-- 0.0006385 61.11 0.4657
H4S104 0.0005401 51 1.0108
Mg-Citrate- 0.0005252 11 0.8261
NaHPO4- 0.0002779 32.94 0.8261
¥ 0.0002044 7.963 0.8261
Cat+ 0.0001822 7.275 0.4657
H: : 0.0001714 16.56 0.8261
Nu_. -9 9.135¢-005 5.319 1.0108
H2CO3* (aq) 5.162e-005 3.190 1.0108
NaSO4- 4.840e-005 5.741 0.8261
H-Citrate-- 3.306e-005 6.261 0.4657
CaHPO4 (aq) 3.105e-005 4.210 1.0108
NaHCO3 (a 2.888e-005 2.417 1.0108
F- 2.732¢-005 0.5171 0.8261
Mg++ 2.004¢-005 0.4855 0.4657
CO3-- 1.959¢-005 1.171 0.4657
C 04- 9.059¢-006 1.219 0.8261
NaH2PO4 (aq) 6.084¢-006 0.7273 1.0108
H3S104- 5.998e-006 0.: 34 0.8261
NaCO3- 5.826¢-006 0.4818 0.8261
CaS04 (aq) 5.444¢-006 0.7384 1.0108
MgHPO4 (aq) 4.716e-006 0.5653 1.0108
Na2HPO4 (aq) 4.196e-006 0.5935 1.0108
K-Citrate-- 2.783e-006 0.6327 0.4657
CaHCO3+ 2.604e-006 0.2623 0.8261
Sr-Citrate- 2.296¢-006 0.6329 0.8261
CaCl+ 1.776e-006 0.1337 0.8261
KHPO4- 1.230e-006 0.1655 0.8261
CaH-Citrate (aq)  9.620e-007 0.2206 1.0108
OH- 8.295e-007 0.01406 0.8261

(minor species <10-7 mol/L not shown)

A.45

1on Simulation (Geochemist Work Bench).






Simulation 4. This represents injection of 5 mM citrate and 2.5 mM acetate and 2.5 mM formate
(i.e., half of the 10 mM citrate is degraded). The concentrations of acetate and formate are
unrealistici y high as there are further degradation products.

Aqueous species molality mg/kg sol'n act. coef. log act.
Nat 0.03049 698.8 0.8421 -1.5905
Cl- 0.008553 3023 0.8421 -2.1425
Ca-Citrate- 0.004025 919.6 0.8421 -2.4699
HCO3- 0.002605 158.5 0.8421 -2.6588
Formate- 0.002465 110.6 0.8421 -2.6828
Acetate- 0.002441 143.7 0.8421 -2.6870
HPO4-- 0.001694 162.1 0.5030 -3.0695
Cat+ 0.0009658 38.59 0.5030 -3.3136
SO4-- 0.0006071 58.14 0.5030 -3.5152

)4 0.0005403 51.77 1.0081 -3.2639

- 0.0004182 78.84 0.2130 -4.0502
Mg-Citrate- 0.0004084 86.89 0.8421 -3.4636
ANOH)4- 0.0003897 36.92 0.8421 -3.4839
HPO4- 0.0002753 32.65 0.8421 -3.6348
K+ 0.0002066 8.054 0.8421 -3.7595
CaHPO4 (aq) 0.0001728 2344 1.0081 -3.7589
H2PO4- 0.0001630 15.76 0.8421 -3.8625
Na-Citrate-- 0.0001109 23.44 0.5030 -4.2537
Mg++ 0.0001045 2532 0.5030 -4.2795
Na("[ (aq) 9.713¢-005 5.659 1.0081 -4.0091
03* (aq) 5.243¢-005 3.242 1.0081 -4.2769

J4- 5.080e-005 6.030 0.8421 -4.3687
CaPO4- 4.932¢-005 6.641 0.8421 -4.3816
Na-A aq) 3.759¢-005 3.074 1.0081 -4.4214
Fe(OH)2+ 3.350e-005 3.002 0.8421 -4.5495
CaS aq) 3.210e-005 4357 1.0081 -4.4900
Ca-Formate+ 3.135e-005 2.660 0.8421 -4.5783
NaHCO3 (aq) 3.057¢-005 2.560 1.0081 -4.5112
F- 2.706e-005 0.5126 0.8421 -4.6422
MgHPO4 (aq) 2.580e-005 3.094 1.0081 -4.5848
CO3-- 1.837e-005 1.099 0.5030 -5.0343
Ca-Acetatet 1.746e-005 1.725 0.8421 -4.8326
CaHCO3+ 1.482e-005 1.494 0.8421 -4.9038
Al-(Ct 2)2--- 1.393e-005 5.629 0.2130 -5.5275
CaCl+ 1.015e-005 0.7645 0.8421 -5.0681
NaH2PO4 (aq) 6.161e-006 0.7370 1.0081 -5.2068
NaCO3- 6.033e-006 0.4993 0.8421 -5.2941
H38Si104- 5.870e-006 0.5566 0.8421 -5.3060
Mnt+++ 5.461e-006 0.2991 0.2130 -5.9343
Na2HPO4 (aq) 4.428e-006 0.6267 1.0081 -5.3503
H-Citrate-~ 4.310e-006 0.8168 0.5030 -5.6640
Mg-Formate+ 3.486e-006 0.2410 0.8421 -5.5323
AI(OH)3 (aq) 3.314¢-006 0.2577 1.0081 -5.4762
Fe-Citrate (aq) 2.978e-006 0.7273 1.0081 -5.5226
MgS04 (aq) 2.783e-006 0.3339 1.0081 -5.5520
Mg-Acetate+ 2.334e-006 0.1940 0.8421 -5.7065
Mgt 1.740e-006 0.1037 0.8471 -5.8340
Fe(OH)4- 1.676e-006 0.2070 0.8 -5.8503
CaH2PO4+ 1.632¢-006 0.2230 0.8421 -5.8619
MgHCO3+ 1.550e-006 0.1319 0.8421 -5.8842
Sr-Citrate- 1.402e-006 0.3868 0.8421 -5.9279
CaCO03 (aq) 1.239¢-006 0.1236 1.0081 -5.9035
Fe(OHY3 (aq) 1.214e-006 0.1293 1.0081 -5.9123
KHF 1.205e-006 0.1622 0.8421 -5.9938
H-Acetate (aq) 1.162e-006 0.06958 1.0081 -5.9313
Sr++ 9.790e-007 0.08552 0.5030 -6.3077
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