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A whole ecosystem balance of Ra isotopes that enter with 

saline springs into the freshwater Lake Kinneret provided a 
unique opportunity to constrain the Ra and Th adsorption 
characteristics in the lake. We suggest that preferential 
adsorption of Ra on particles in the lake is responsible for the 
decrease of 226Ra activity from a range of 7·103 - 250·103 
dpm·m-3 in the springs to about 5·102 dpm·m-3 in the lake. 
Similarly, the adsorption of 228Th results in the reduction of 
the 224Ra/228Ra, and 224Ra/223Ra activity ratios correspondingly 
from 1.5 and 8 in the springs to about 0.1 and 4 in the lake. 
Solving simultaneously the mass balance equations for 223Ra, 
224Ra, 226Ra, 228Ra and 228Th in Lake Kinneret (using the 
accepted water exchange constants for the lake) yield the time 
scales required to reach steady state, the residence time and 
the steady state values for each nuclide as a function of the 
adsorption coefficients for Ra and Th. The model predicted 
very well the steady state values of 226Ra and the 224Ra/228Ra 
and 224Ra/223Ra ratios in the lake (the solid circles in Fig. 1). 
The estimated adsorption rate constants in the lake are: 0.005 
to 0.02 d-1 and 0.5 to 1 d-1 for Ra and Th, respectively. The Ra 
desorption rate coefficient was estimated to be about 100 
times larger than its adsorption rate constant. The observed 
activity ratios of the Ra nuclides in the lake are all steady state 
ratios that are achieved after a rather short time. They depend 
only on the rate constants and the activity ratios in the saline 
springs, and are independent of the flow rate of the saline 
springs. Thus, the estimated constants should apply for any 
productive, meromictic lake. 

 
Figure 1: Simulation of the evolution of the 224Ra/228Ra and 
224Ra/223Ra activity ratios in Lake Kinneret (calculated with 
adsorption coefficients of 0.01 and 0.5 d-1 for Ra and Th, 
respectively). The ratios reach Lake Kinneret values (solid 
circles) within 1 to 3 months. 
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Arsenic (As) is found in the Floridan Aquifer mostly 

associated with pyrite. Pyrite is thought to dissolve and release 
As during aquifer storage and recovery (ASR) due to the 
injection of ozone-treated surface waters. As a result 
concentrations of As of up to 100 µg/L were observed in 
recovered water. To simulate the release of As during ASR in 
the laboratory we conducted a series of leaching experiments 
using different water compositions and aquifer matrices. 
These experiments were performed in standing PVC columns 
of 0.019 m in diameter in different lengths using native ground 
water from the Floridan Aquifer and drinking water from the 
City of Tampa, Florida. Water was pumped from the bottom 
through the columns by peristaltic pump to ensure complete 
saturation of the sediment. Leachate samples were taken at 
certain intervals, monitored for T, pH, ORP, S2-, and Fe2+, and 
analyzed for major anions, major cations, and total As. Our 
study showed: (1) Low As concentrations (<6 µg/L) and 
negative ORP values for leaching test using the native ground 
water from the deep Floridan well; (2) Mobilization of As 
during injection of drinking water with concentrations up to 42 
µg/L; (4) Consecutive injection tests for a period of four 
months at two weeks interval indicated the decrease of As 
concentrations from 42 µg/L to <10 µg/L; (5) Distributions of 
As from leaching experiments were comparable to those of 
sulfate concentrations, confirming the dissolution of pyrite.    
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