Monitoring Metals in San Francisco Bay:
Quantification of Temporal Variations from
Hours to Decades

Examining Dissolved

TOXIC Netals

in U.S. Estuaries




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

“In its first-ever study of
shallow or "wadeable"
streams, the agency found 42
petcent were in poor
condition, and another 25
percent were considered fair.
Only 28 percent were in
good condition, EPA said.
Another 5 percent were not
analyzed because of Reuters, May 5, 20006
sampling problems in New

England.”

— I'T°S NOT JUST METALS IN ESTUARIES



Who Benefits from Long-Term Data Sets ?

Bureaucrats &
Regulators

Scientists &
Engineers

Environmentalists
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SF Bay Regional Monitoring Program: Metals
Collections 1989-present
26 locations
Seasonal samplings

Trace metal clean protocols

Rigorous QA/QC

Analytical precision <10% Z .
(SpaceShots)

— Time series analyses are possible for SF Bay



BUT: Time Series Analyses Aren’t Easy
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Limited Sampling Sites

Limited Collections &
Hydrological Variability



CASE STUDY: Mercury in SF Bay
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Dissolved Mercury Concentrations in SF Bay

Total Dissolved Mercury in SF Bay (1993-1999)

Dissolved Hg "™ |
001 1

% Station Code

Hg.. : Pronounced spatial & temporal variability

~ corresponds with spatial sediment variability

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



Silver is Simpler in SF Bay:
“The Silver Estuary”
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~ Simple biogeochemical cycle
Contamination ~ with previous (< 1976) POTW discharge
USGS long-term (~30 yr) study of metals in a SF Bay mudflat

(Moon et al., 2005)



Temporal Decline of Ag in SF Bay Sediments

Bay-wide decline

corroboration of local data
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(Flegal et al., in press)

— Quantifiable 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

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



Stable Lead Isotope Analyses:

Corroborate Time Series Analyses

isotopic composition
analyses cortoborate
ongoing input and
recycling of historic
industrial lead emissions

(1850s-1980s) to SF Bay
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(Steding et al., 2000)

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



Extrapolation of RMP Data:
SF Airport Expansion
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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)



CONCLUSIONS

(Reuters May 5, 20006)

Long-term data are needed to quantify the health of US waters
Interdisciplinary studies are needed to assess those data

Rigorous statistical analyses are required for time-series analyses
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