






Groundwater Loading? – Las Virgenes Creek

Plate Sample

Algae from nitrate 
in groundwater?
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Dewatering 
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Inside Drain



Select Water Quality Parameters in 
Subdrains and Dewatering Unitsg

Sample Name EC
( S/ )

SO4 
(mg/L)

NO3-N 
(mg/L)

Diss. Se 
(ug/L)(uS/cm) (mg/L) (mg/L) (ug/L)

Urban Subdrain 1 960 272 1.2 1.6
Plate Flow 3732 1600 0.2 0.31600 0.2 0.3
Dewatering Unit 3396 1688 3.1 41.5
Urban Subdrain 2 4021 2078 3.7 95.4



Nitrate and Selenium Levels at LV Sites
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Question:

h i h i f iWhat is the concentration of nitrate 
and selenium in groundwater and is 

there a direct cause-effect relationship 
between selenium and nitrate?between  selenium and nitrate?



Study Area Location Map

Subregionally Based 
Groundwater 

Sulfur Spring Sampling

Explanation

Groundwater
Sample
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Regionally based
groundwater samplinggroundwater sampling

S ti ll f dSpatially focused
groundwater sampling



Study Area Location Map
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Possible Hydrochemical LinksPossible Hydrochemical Links 
Between Selenium and Nitrate



Origin of Iron 
Selenides and IronSelenides and Iron 
Sulfides in Marine 

Rocks and SedimentsRocks and Sediments
in Los Angeles Basin



Many Foothills in LA Basin Consist ofMany Foothills in LA Basin Consist of 
Marine Shales and Siltstones, Containing Selenium

Puente Formation –
l i b i h l

Selenium bearing deposits
d d f f thillselenium bearing shale eroded from foothills



Relationship Bet een NitrateRelationship Between Nitrate, 
Selenium, and Groundwater

• Selenium can be oxidized by nitrate from nitrate 
sources coming in contact with certain marine 
rocks and marine eroded sediments
Th ti l l l ti f th id ti f• Theoretical calculations for the oxidation of 
selenium by nitrate show favorable Gibbs free 
energies for the oxidation of selenium by nitrateenergies for the oxidation of selenium by nitrate 
(W. Wright, USGS, Journal of Environmental 
Quality, 1999)



O id ti R tiOxidation Reactions
nitrate as oxidant of iron sulfide f f

and iron selenide via denitrification

5FeS2 + 14NO3
- + 4H+

7N + 10SO 2- + 5Fe2+ + 2H O7N2 + 10SO4
2 + 5Fe2+ + 2H2O

5F S + 14NO + 4H+5FeSe2 + 14NO3
- + 4H+

7N2 + 10SeO4
2- + 5Fe2+ + 2H2O



H th iHypothesis
nitrate acts as an oxidant of selenium 
(and sulfur) where content of reduced 
forms of selenium and sulfur (metal (
selenides, elemental selenium, selenite, 
and metal sulfides) in geologic depositsand metal sulfides) in geologic deposits 
is high



5FeS2 + 14NO3
- + 4H+ Oxidation 5FeS2 + 14NO3 + 4H

7N2 + 10SO4
2- + 5Fe2+ + 2H2O Reactions

nitrate as oxidant of f
iron sulfide 

and iron selenide via 
denitrification

5FeSe2 + 14NO3
- + 4H+

7N2 + 10SeO4
2- + 5Fe2+ + 2H2O denitrification

Discussion
f S ttof Scatter 
of Points



Source(s) of Nitrate 
in Groundwater 

and Surface Water?and Surface Water?



Nitrate-Nitrogen at Surface Water Stations (mg/L)
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Nitrate-Nitrogen at Select Springs (mg/L)
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Nitrate-Nitrogen at Select Springs (mg/L)



Treated wastewaterTreated wastewater
applied to nurseries  

may recharge 
groundwater

Treated wastewater 
applied to planted 
riparian areas may 

h d trecharge groundwater



Relationship Between Nitrate, p ,
Selenium, and Groundwater
S l i b i i h h ll• Selenium bearing strata in the shallow 
aquifer connected to Las Virgenes Creek 
shows a nitrate-selenium correlationshows a nitrate-selenium correlation.

• Nitrate may be a relic from historic 
agriculture, septic tanks, ranch animals, andagriculture, septic tanks, ranch animals, and 
sludge injection; furthermore, nitrate may be 
loaded today from wastewater application.

• Groundwater with high selenium and high 
nitrate flows into Las Virgenes creek, 

t ti ll i i th h bit tpotentially compromising the habitat.



Policy Impacts andPolicy Impacts and 
Technical Recommendations

• What is the hydraulic relationship between shallow 
aquifers and streams? (i.e., do streams gain baseflow 
from groundwater seepage or intentional dischargefrom groundwater seepage or intentional discharge 
or do streams recharge shallow aquifers?)

• What is the nature of the geology?  Where are 
l i b i k d di l d dselenium bearing rocks and sediments located and 

where have their erosion products been deposited?    
• If streams gain baseflow from groundwater, and ifIf streams gain baseflow from groundwater, and if 

the geology favors nitrate-facilitated oxidation of 
selenium from strata, it may be wise to restrict 
application of wastewater at green-belts and otherapplication of wastewater at green-belts and other 
vegetated areas




