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Abstract

This paper is supported by the project of using multi-methods research submarine
groundwater discharge (SGD) in Jiaozhou Bay (41072174), which belongs to the
National Natural Science Foundation of China. The purposes are using natural
radium isotopes (224Ra and 226Ra) as a tracer to explore the diffusion and
desorption of radium from sediment, and analyze spatial and temporal
characteristics of 224Ra and 226Ra around Jiaozhou Bay; estimating the
apparent age of Jiaozhou bay water based on 224Ra and 226Ra ratio; evaluating
submarine groundwater discharge and its nutrient inputs through three end-
members mixing model and radium mass-balance model.

By the sediment incubation experiments, we found that in different salinity water
conditions, the desorption activities of 224Ra and 226Ra from the same sediment
tended to increase with the gradual increase of salinity, which indicated that the
higher salinity, radium isotopes from sediment more easily desorbed into the
water.In the same water condition, when the particle sizes of sediments were
between 125um ~ 250um, 224Ra and 226Ra desorption activities were very
close. When the particle sizes of sediments were greater than 2000um, 224Ra
and 226Ra desorption activities were slightly higher. Because the interval of
sediments in these particle sizes was so larger that the diffusion channels were
relatively smooth between interstitial water and overlying water, there were more
radium isotopes diffusing into the overlying water in short time. When the particle
sizes of sediments were less than 125um, 224Ra and 226Ra desorption activities
were maximum. Due to the smaller particle sizes of sediment which led to the
larger specific surface area, there were more radium isotopes adsorbed on the
particles and then desorbed with mixing the salt water.Through the experiments,
average diffusion flux of 224Ra from the surface sediments in Jiaozhou Bay was

0.04 Bq&#8226;m-2h-1, 226Ra was 0.002 Bq&#8226;m-2h-1; average desorption



activity of 224Ra from the resuspended particles of sediments was
10.6Bq&#8226;kg-1, 226Ra was9.8 Bq&#8226;kg-1.

The results showed that during September to October in 2011, average activities
of 224Ra and 226Ra in groundwater around Jiaozhou Bay were 8.54
Bq&#8226;m-3 and 2.23 Bq&#8226;m-3; during April to May in 2012, average
activities of 224Ra and 226Ra in groundwater around Jiaozhou Bay were 8.04
Bq&#8226;m-3 and 2.51 Bq&#8226;m-3. During September to October in 2011,
average activities of 224Ra and 226Ra in river water around Jiaozhou Bay were
2.34 Bq&#8226;m-3 and 1.08 Bq&#8226;m-3; during April to May in 2012,
average activities of 224Ra and 226Ra in river water around Jiaozhou Bay were
2.44 Bq&#8226;m-3 and 1.27 Bq&#8226;m-3. During September to October in
2011, average activities of 224Ra and 226Ra in bay water Jiaozhou Bay were
3.83 Bq&#8226;m-3 and 2.67 Bq&#8226;m-3; during April to May in 2012,
average activities of 224Ra and 226Ra in bay water around Jiaozhou Bay were
3.85Bq&#8226;m-3 and 2.63 Bq&#8226;m-3.

Via 224Ra/226Ra model, the apparent ages of Jiaozhou Bay water were
estimated and presented relatively consistent patterns that ages were gradually
increasing from top of bay to the mouth of the bay and from north to south. With
the increasing distance from the top of the bay the ages of water became older,
which was in line with the actual situation of the water cycle and update.

Based on the three end-member mixing model, the results showed that during
September to October in 2011, the mixing ratio of groundwater, seawater and
river water was 11.6%,78.6% and 9.9%; during April to May in 2012, the mixing
ratio of groundwater, seawater and river water was 6.5%,86.8% and 9.6.79%.
Then the fluxes of SGD were estimated to be 7.53x106m3&#8226;d-1 and
4.24x106m3&#8226;d-1 during September to October in 2011 and April to May in
2012, respectively.

Through the radium (224Ra and 226Ra) mass balance model, the results showed



that during September to October in 2011, the fluxes of SGD were 21.01x106
m3&#8226;d-1(based on 224Ra mass balance) and 15.17x106 m3&#8226;d-
1(based on 224Ra mass balance); during April to May in 2012, the fluxes of SGD
were 11.33x106 m3&#8226;d-1(based on 224Ra mass balance) and 6.53x106
m3&#8226;d-1(based on 224Ra mass balance). The fluxes of submarine fresh
groundwater discharge were 2.16x104 m3&#8226;d-1(September to October in
2011) and 1.72x104 m3&#8226;d-1(April to May in 2012) based on
hydrogeological numerical model. The fluxes of submarine fresh groundwater
discharge accounted for only 0.3% of the total SGD, while recirculated saline
groundwater discharge accounted for 99.7%.

The fluxes of nutrients input were calculated by the total SGD fluxes. During
September to October in 2011, the fluxes of dissolved inorganic nitrogen (DIN),
soluble silicate and reactive phosphate were 1190.77%x104 mol&#8226;d-1,
302.98x104 mol&#8226;d-1and 0.20x104 mol&#8226;d-1. During April to May in
2012, the fluxes of dissolved inorganic nitrogen (DIN), soluble silicate and
reactive phosphate were 534.92x104 mol&#8226;d-1, 175.18%104 mol&#8226;d-
1and 7.95x104 mol&#8226;d-1. Compared with the nutrients inputs of river, both
dissolved inorganic nitrogen inputs were very closed in the same period; reactive
silicate inputs were closed during September to October in 2011, while during
April to May in 2012 the inputs had a difference of nearly five-fold; reactive
phosphate inputs had large changes, the inputs of river was bigger during
September to October in 2011, but the inputs of SGD were bigger during April to
May in 2012. Overall, nutrients inputs of SGD and river were roughly equal, so the

nutrients inputs of SGD is an important way for nutrients inputs in Jiaozhou By.
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