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THE PROBLEM: 
Insufficient long-term data 

– that is accurate & available & peer-reviewed

Literature Survey

metals in US estuaries

1975-2002

Results

only 83 articles

no data ~ 1/2 estuaries

only long term -SF Bay

((Sañudo-Wilhelmy et al., 2004)



Billions have been spent to remove 
billionths of pollutants in US waters

But it is difficult, if not impossible, to quantify 
any benefits from reductions in metal contaminants
in most US waters because there are insufficient
accurate measurements of that contamination.

(Sanudo-Wilhelmy et al., 2004)



““More than half of US streams polluted: EPAMore than half of US streams polluted: EPA””

““In its firstIn its first--ever study of ever study of 
shallow or "shallow or "wadeablewadeable" " 
streams, the agency found 42 streams, the agency found 42 
percent were in poor percent were in poor 
condition, and another 25 condition, and another 25 
percent were considered fair. percent were considered fair. 
Only 28 percent were in Only 28 percent were in 
good condition, EPA said. good condition, EPA said. 
Another 5 percent were not Another 5 percent were not 
analyzed because of analyzed because of 
sampling problems in New sampling problems in New 
England.England.”

Reuters, May 5,  2006Reuters, May 5,  2006

”

→→ ITIT’’S NOT JUST METALS IN ESTUARIESS NOT JUST METALS IN ESTUARIES



Who Benefits from LongWho Benefits from Long--Term Data Sets ? Term Data Sets ? 

Bureaucrats & Bureaucrats & 
RegulatorsRegulators

Government & Government & 
IndustrialistsIndustrialists

Environmentalists Environmentalists 
& Everyone Else& Everyone Else

Scientists & Scientists & 
EngineersEngineers



SF Bay Regional Monitoring Program: Metals 

Collections 1989-present

26 locations

Seasonal samplings

Trace metal clean protocols

Rigorous QA/QC

Analytical precision ≤10%
(SpaceShots)

→ Time series analyses are possible for SF Bay



BUT: Time Series Analyses ArenBUT: Time Series Analyses Aren’’t Easyt Easy

Multiple Sources: Multiple Sources: 
Natural & IndustrialNatural & Industrial

Limited Sampling SitesLimited Sampling Sites

Limited Collections & Limited Collections & 
Hydrological VariabilityHydrological Variability



CASE STUDY: Mercury in SF Bay CASE STUDY: Mercury in SF Bay 

18501850--1970: Hg & Au Mining  1970: Hg & Au Mining  
(10,000 tons)(10,000 tons)

Present: Asian industrial aerosolsPresent: Asian industrial aerosols
(~ 50%)(~ 50%)

DiageneticDiagenetic remobilizationremobilization



Dissolved Mercury Concentrations in SF BayDissolved Mercury Concentrations in SF Bay

HgHgTT : Pronounced spatial & temporal variability : Pronounced spatial & temporal variability 
~ corresponds with spatial sediment variability~ corresponds with spatial sediment variability

MeHgMeHg: Much more pronounced spatial & temporal variability: Much more pronounced spatial & temporal variability
restored wetland production ?restored wetland production ?
diurnal component in diurnal component in photodegradationphotodegradation/production ?  /production ?  



Silver is Simpler in SF Bay: Silver is Simpler in SF Bay: 
““The Silver EstuaryThe Silver Estuary””

~ Simple biogeochemical cycle ~ Simple biogeochemical cycle 
Contamination ~ with previous (< 1976) POTW dischargeContamination ~ with previous (< 1976) POTW discharge
USGS longUSGS long--term (~30 yr) study of metals in a SF Bay mudflatterm (~30 yr) study of metals in a SF Bay mudflat

(Moon et al., 2005)(Moon et al., 2005)



Temporal Decline of Ag in SF Bay Sediments:Temporal Decline of Ag in SF Bay Sediments:

BayBay--wide declinewide decline

corroboration of local data corroboration of local data 

USGS ~ RMPUSGS ~ RMP

30 yrs ~ 10 yrs 30 yrs ~ 10 yrs 

Temporal decreaseTemporal decrease

dilution dilution 

dispersiondispersion

((FlegalFlegal et al., in press)et al., in press)

→→ Quantifiable benefits of regulationQuantifiable benefits of regulation



Ag Declines in Water ~ Declines in Sediments
(Lead doesn’t show a similar decline) 

Dissolved Ag: 
~ 40% decline

Dissolved Pb: 
no decline

Total Ag: 
~ 70% decline

Total Pb: 
~ 40% decline

(Squire et al., 2002)(Squire et al., 2002)South SF Bay (1989-2000)



Stable Lead Isotope Analyses: 

Corroborate Time Series Analyses

isotopic composition isotopic composition 
analyses corroborate analyses corroborate 
ongoing input and ongoing input and 
recycling of historic recycling of historic 
industrial lead emissions industrial lead emissions 
(1850s(1850s--1980s) to SF Bay1980s) to SF Bay

((StedingSteding et al., 2000)et al., 2000)

> > decade to observe declines in conservative, particle > > decade to observe declines in conservative, particle 
reactive contaminantsreactive contaminants



Extrapolation of RMP Data: 
SF Airport Expansion

Model of difference in dissolved copper concentration 
during proposed SF airport expansion construction

→ Models enabled by RMP long-term data set
(Cooke et al., unpublished data)



CONCLUSIONSCONCLUSIONS

(Reuters May 5, 2006)(Reuters May 5, 2006)

LongLong--term data are needed to quantify the health of US watersterm data are needed to quantify the health of US waters

Interdisciplinary studies are needed to assess those dataInterdisciplinary studies are needed to assess those data

Rigorous statistical analyses are required for timeRigorous statistical analyses are required for time--series analysesseries analyses
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