
Kesterson National  
Wildlife Refuge 

Red Rock Ranch  
facility 

Se rich  
stream 
water 

Coast Ranges 
Cretaceous and Tertiary 
marine sedimentary rocks 
Rich in selenates: 
NaSeO4

.10H2O 
Na2Mg(SeO4)4.4H2O 

Supplemental Figure 1. A) Location of the Red Rock Ranch Se remediation pool. Se source and fate in 
the Central Valley of California indicated by arrows . B) E. cinera adults and pupa on an algal mat. C) A. 
franciscana in the RRR pool. D) RRR Se remediation pond. Pond volume was approximately 90 m3. 
Maximum Se volatilization rate was 1 mg Se m-3 day-1, while maximum Se removal through shrimp 
harvest was 2 mg Se m-3 day-1. 
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 Supplemental Figure 2. Integrated on-farm drainage management (IFDM). Red Rock Ranch (RRR) is 
a 640 acre farm located in Five Points, CA that practices IFDM.  This integrated system cycles 
drainage water through a series of salt tolerant crops, trees, and ends with the brine shrimp race 
track with the objective of reusing the saline water to produce marketable crops and novel 
agricultural products while managing the drainage water directly on site.  IFDM is a promising 
strategy for reducing the volume of contaminated water that is often produced as a consequence of 
irrigation in the San Joaquin valley while effectively coping with the problems associated with  
accumulation of high concentrations of naturally occurring salts, boron and selenium.   
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Supplemental Figure 3. Selenium K near-edge spectra of bacteria/diatom mix (bacteria/diatom), 
Picocystis (microalgae), Cladophora (green algae), Artemia (brine shrimp), and Ephydra (brine fly 
pupa and larva) are shown in the lower column. The modeled selenium species include: SeO4

2- 

(selenate), SeO3
2- (selenite), SeOMet (methionine selenoxide), SeMet (selenomethionine), CysSe-

SeCys (selenocystine), CysSe- (selenocysteinate), Se0 (elemental selenium). Dimethyl selenoxide 
spectrum is shown for SeOMet due to their similar atomic environment and spectra. The tick marks 
on the Y-axis show one absorbance unit. Selenite spectrum is shown in broken lines for clarity.  
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Supplemental Figure 4. Chromatographic separation and identification using SAX-HPLC-
ICPMS of the soluble Se compounds present in organisms living in the agricultural drainage 
water circulated throughout the engineered RRR brine shrimp race track Se containing peaks, 
are shown for mixed bacteria (A); mixed diatoms (preliminary) (B); Picocystis sp. - pure 
microalga (C); A. franciscana (D); E. cinerea larva (E); E. cinerea adult (F); standards (G). 
Undigested (solid line) and proteinase XIV digests (dashed line)  
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Supplemental Figure 5. Distribution and speciation of Se in a culture of mixed diatoms. mXRF map 
showing spatial distribution of Se (coded in white) in a smear of mixed diatoms and bacteria (A), mixed 
diatom culture( B) and microalga Picocystis sp. culture (C). Mixed diatom culture shown in (D), and 
Picocystis sp. culture shown in (E). 
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Supplemental Figure 6. Oxidation of selenomethionine and formation of  

methionine selenoxide by hydroperoxide. This reaction resembles the peroxidase reaction. 
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Supplemental Figure 7. Total Se concentration in A. franciscana dry weight versus total Se 
concentration in water at the time of A. franciscana harvest (A) Water Se concentration –filled 
triangle; A. franciscana tissue Se concentration – empty square. Correlation of A. franciscana Se 
tissue concentration to Se water content (B).   
 

A 

B 

S22 


