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Se Source(s)
(load, species)

Dissolved Se
(selenite, selenite, org-Se) 

Particulate Se
(algae, bacteria, sediment) 

Invertebrate Se
(physiology) 

Predator Se
(life stage, tissue type) 

Individual Effects
(deformities, growth)

Population Effects
(abundance, composition)Ecosystem Se Model 

modified from 
Presser and Luoma IEAM 2010

Risk Management
This information is 
preliminary or provisional 
and is subject to revision. 



Site Specific 
Criteria*

Tissue
µg/g dry wt.

Compliance/
Monitoring

Bivalve 15

Fish ovary 15.1

Fish muscle 11.3

Fish whole body 8.5

Dissolved Total Se 0.2 µg/L

Particulate Total Se 1 µg/g

*for salt and estuarine waters

This information is 
preliminary or provisional 
and is subject to revision. 



Deformed juvenile 
Sacramento Splittail (2011)

What were the primary sources of 
exposure?
Were criteria exceeded?
What were the pathways of exposure: 
Maternal vs. exogenous?

This information is 
preliminary or provisional 
and is subject to revision. 



San Francisco 
Bay-Delta 

Sacramento
River

San Joaquin
River

Splittail exposure timeline

Fall 2
010

Adults forage in Bay-Delta ⟲

⟲

Winter 2
011

Rain events trigger migration to spawn 
on floodplains in Delta

Deformed
juveniles

Sprin
g 2011

Deformed juveniles entrained at 
Tracy water diversion facility

Adults processed for 
otoliths

Sprin
g 2014

This information is 
preliminary or provisional 
and is subject to revision. 



Se Source(s)
(load, species)

Dissolved Se
(selenite, selenite, org-Se) 

Risk Management



Multiple natural and anthropogenic Se sources

Agriculture/SJR

Oil refining/POTW

Ocean

Sacramento River

This information is 
preliminary or provisional 
and is subject to revision. 



Coupled 
Hydrodynamic-Water 
Quality Model
Deltares, Netherlands

Delft3D-FM
Hydraulic forcings
from rivers, oceans, 
operations

Delwaq
Se loads from river, 
wastewater, 
refineries, ocean

This information is 
preliminary or provisional 
and is subject to revision. 



Sacramento
River

San Joaquin
River

>0.2 µg Se/L

Modeled total 
dissolved Se conc. 
were elevated 
near Pacheco 
Creek but did not 
exceed USEPA 
criterion for salt 
and estuarine 
waters.

0.15
Modeled
total dissolved Se (µg/L)
October 16, 2010
“Fall”

Bishop et al. in prep

0.1

0.05

San Francisco Bay

This information is 
preliminary or provisional 
and is subject to revision. 

Pacheco 
Creek 
Area



Bishop et al. in prep

0.1

0.05

0.15

Sacramento River

Ocean

Refineries

Modeled
total dissolved Se 
(µg/L) from 
different Se 
sources at USGS 
Station 8.1 in 
Carquinez Strait 
(loading data not 
shown) 

Fall 2010

This information is 
preliminary or provisional 
and is subject to revision. 

USGS Station 
8.1 Carquinez
Strait

0.00



Bishop et al. in prep

Sacramento River

Ocean

Refineries

San Joaquin 
River

Modeled
total dissolved Se 
(µg/L) from 
different Se 
sources at USGS 
Station 8.1 in 
Carquinez Strait 
(loading data not 
shown) 

Fall 2010 Spring 2011

This information is 
preliminary or provisional 
and is subject to revision. 

Resulting source contributions 
vary seasonally

0.1

0.05

0.15

0.00



Modeled
total dissolved Se (µg/L)
February 16, 2010
“Spring”

San Joaquin
River

>0.3 µg/L

Modeled total 
dissolved
Se conc. in San 
Joaquin River 
exceeded USEPA 
criterion for salt 
and estuarine 
waters.

This information is 
preliminary or provisional 
and is subject to revision. Bishop et al. in prep



Se Source(s)
(load, species)

Dissolved Se
(selenite, selenite, org-Se) 

Invertebrate Se
(physiology) 

Risk Management



4-8

Modeled total 
dissolved
Se conc. (µg/L)
October 16,
2010

0.15

0.1

0.05

Measured bivalve Se concentrations
Circle size represent site means in October for years 1996-2017 

(note: not all sites were sampled across all years) 

8.1-14.9
15-20 µg/g dry weight

Bivalve Se conc. 
exceed USEPA criteria

This information is 
preliminary or provisional 
and is subject to revision. 

Linville et al.
2002
Stewart et al. 
2013

Bishop et al. 
in prep



Se Source(s)
(load, species)

Dissolved Se
(selenite, selenite, org-Se) 

Particulate Se
(algae, bacteria, sediment) 

Invertebrate Se
(physiology) 

Predator Se
(life stage, tissue type) 

Risk Management



Stewart et al. 
in press

Measured Se levels in 
Splittail ovary 
exceeded USEPA 
criterion in areas 
near Pacheco Creek 
corresponding to 
elevated levels in 
bivalves and modeled 
total dissolved Se.

Se levels in muscle 
tissue NOT exceeded 
(data not shown)

This information is 
preliminary or provisional 
and is subject to revision. 

Box plots 
(median, 
quartile range, 
min-max) 
by site

Nov-Dec 2010/11 Feb 2017

Petaluma Napa

Pacheco

Suisun

Confluence

Delta 

Linville et al.
2002
Stewart et al. 
2013

Bishop et al. 
in prep



Se Source(s)
(load, species)

Dissolved Se
(selenite, selenite, org-Se) 

Particulate Se
(algae, bacteria, sediment) 

Invertebrate Se
(physiology) 

Predator Se
(life stage, tissue type) 

Individual Effects
(deformities, growth)

Risk Management



Johnson et al. submitted

X-ray micrographs 
confirmed deformities 
in juveniles

Synchrotron @ Cornell 
tracks daily Se and 
Strontium levels

Splittail juveniles
Otoliths

This information is 
preliminary or provisional 
and is subject to revision. 



Johnson et al. submitted

Maternal 
exposure
“SF Bay"

Exogenous 
exposure 

“San Joaquin 
River"

“UC Davis"

This information is 
preliminary or provisional 
and is subject to revision. 



Johnson et al. submitted

Both maternal and 
exogenous exposures 
may have contributed 
to toxicity in juvenile 
Splittail

Maternal 
exposure
“SF Bay"

Exogenous 
exposure 

“San Joaquin 
River"

Juveniles 
transferred to 

“UC Davis"

This information is 
preliminary or provisional 
and is subject to revision. 



Summary

What were the primary sources of exposure?
§ Ocean, Sacramento, Refineries
§ San Joaquin River

Were criteria exceeded?
§ Not in Bay water (0.2 µg/L), yes in SJR
§ Yes in bivalves (> 15 µg/g)
§ Yes in ovary tissue (15.1 µg/g), not in muscle 

(11.3 µg/g)
§ Localized hotspots

What were the pathways of exposure: 
Maternal vs. exogenous?
§ Both were elevated over controls and may 

have contributed to toxicity event

Population Effects ??
(abundance, composition)

This information is 
preliminary or provisional 
and is subject to revision. 


