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SUMMARY
The Palo Alto Regional Water Quality Control Plant (RWQCP) conducted this study to
investigate sources of mercury in the plant’s influent. The goal of this effort is to identify
and quantify, to the extent possible, sources of mercury in the RWQCP influent; to
identify areas where more data and analysis are needed, if any; and to identify sources that
may offer the best opportunities for future pollution prevention efforts. The primary
sources of mercury flowing to the RWQCP are identified as RWQCP service area
residents (46%), the water supply (22%), dentists (9%), permitted industries (6%), storm
water inflow (3%), employee-related human waste (3%), Stanford University (3%), other
identified sources (i.e., septage haulers, commercial laundries, and portable toilets) (1%),
and unidentified sources (7%). Although substantial uncertainties exist in these results,
the relative contribution of these sources is likely to be roughly proportional to the results
stated here, and no large mercury sources are believed to remain unidentified. Further
study should involve, among other things, exploring residential sources more closely and
obtaining better data for specific businesses. Future source reduction strategies should
focus on residents and dentists in the RWQCP service area.

PURPOSE
Mercury is a naturally occurring element found in small quantities throughout the
environment. Its chemical symbol is “Hg.” Mercury is especially prevalent in cinnabar
deposits along the California coast, where it has been mined since the 1880’s. Because of
its physical properties, it serves many useful purposes. It can be found in thermometers,
electrical switches, thermostats, fluorescent light bulbs, and batteries. Certain paints,
fungicides, and other household products also contain mercury, or did at one time.
Because elemental mercury, a liquid at room temperature, has a relatively high vapor
pressure (compared to other metals), vapors can become airborne through many
processes, including incineration of mercury-containing waste. Airborne mercury adheres
to dust and precipitation, and falls to earth, depositing on soils and surface waters.
Through biological processes, mercury can be converted to an organic form, called
“methyl mercury,” where it can be easily absorbed by organisms at the bottom of the food
chain. Bioaccumulation of mercury produces relatively high concentrations of mercury in
higher organisms, such as fish. Human exposure to mercury affects the brain, spinal cord,
kidneys, and liver, and interferes with normal fetal development. In humans, elevated
mercury levels can cause mental and physical retardation.
The RWQCP releases mercury to the environment through its treated effluent, ash waste
from sludge incineration, and incinerator air emissions. Although none of these emission
sources exceeds regulatory limits, these releases are of concern because of mercury’s
persistence in the environment and its human and environmental toxicity. For this reason,
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the RWQCP has embarked on this study to explore sources of mercury in discharges to
the sewer contributing to the plant’s influent loading. This study implements, in part, a
source investigation anticipated by the RWQCP’s Clean Bay Plan 1997 (RWQCP 1997).
The goal of this effort is to identify and quantify, to the extent possible, sources of
mercury in the RWQCP influent; to identify areas where more data and analysis are
needed, if any; and to identify sources that may offer the best opportunities for future
pollution prevention efforts.

RESULTS
This source investigation relies on existing studies, such as work conducted by the
Western Lake Superior Sanitary District (Duluth, Minnesota) (WLSSD 1997), the Central
Contra Costa Sanitary District (LWA 1994), the San Francisco Water Pollution
Prevention Program (Rourke 1993), and the Santa Clara Valley Non-Point Source
Pollution Control Program (Santa Clara Valley 1996). Whenever possible, the results of
these studies have been scaled to best reflect conditions at the RWQCP. In many cases,
data presented in this study were derived from actual sampling results obtained by the
RWQCP. For analysis purposes, all results reflect the selected study year, 1996, to the
extent possible. An Appendix contains the supporting calculations for the following
results and provides references to original data sources.
Figure 1 illustrates the relative contribution of each identified mercury source to the
overall influent load calculated for the RWQCP, which is 23 pounds per year (RWQCP
1997). Table 1 lists these sources with the average mercury concentration (averaged over
an entire year), the estimated wastewater flows, and the average annual load for each
source. As shown in Figure 1, residents in the RWQCP service area are the greatest
source of mercury flowing into the RWQCP’s influent, contributing about 46% of the
total load. The water supply is also a substantial source of mercury, contributing about
22%. Dentists, which contribute about 9%, are also significant. Permitted industries,
together, contribute about 6%. No other known source contributes more than 3% to the
total mercury load. Other identified sources include septage haulers, commercial
laundries, and portable toilets. Because only 7% of the total load is unaccounted for, no
large sources are believed to remain unidentified.
Residential sources relate to a number of common activities. Table 2 lists possible
mercury sources within the residential category. Most of these data are derived from the
Residential Metals Study conducted by the Central Contra Costa Sanitary District (LWA
1994). Figure 2 illustrates the relative contribution of each residential source to the 46%
contribution depicted in Figure 1.
The estimated load for permitted industries is based on extensive sampling by RWQCP
staff and the permitted industries themselves. None of the regulated dischargers in the
RWQCP service area uses mercury in any manufacturing process. While regulated

2

Figure 1: RWQCP Mercury Sources
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TABLE 1
RWQCP Mercury Sources

Residents
Water Supply
Dentists
Permitted Industriesb
Storm Water Inflow
Employee-Related Human Wastec
Stanford Universityd
Other Known Sources:
Septage Haulers
Commercial Laundries
Portable Toilets
Unknown Sourcese
TOTAL

Average Hg
Concentration
(µg/l)a

Estimated
Flow
(gal/year)

Average
Hg Load
(lb/year)a

0.24
0.075
41.
0.19
0.28
NA
0.17

5.4 x 109
8.1 x 109
6.2 x 106
7.0 x 108
3.1 x 108
NA
4.3 x 108

11.
5.1
2.1
1.3
0.7
0.7
0.6

62
0.31
1.4
NA

4.7 x 105
1.1 x 107
2.1 x 105
NA

0.30

9.3 x 109

0.2
0.03
0.002
1.6
23.

NA, Not Applicable
a
Concentration and load data have been corrected to reflect mercury in the water supply.
b
The average concentration for different types of permitted industries varies widely, as shown in Table 3.
c
The calculation of employee-related human waste is not based on concentration and flow data; instead,
it is based on per capita daily mercury release data.
d
Data for Stanford University reflect a range of diverse uses. Some overlap exists between Stanford
University and service area residents. Because only about 10,000 to 15,000 residents discharge to the
Stanford University trunk line, however, this overlap is believed to be small.
e
The load attributed to unknown sources is based on the difference between the total influent load and
the loads estimated for each of the identified sources.
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TABLE 2
Average
Hg Load
(lb/year)

Residential Mercury Sources
Human Wastea
Laundry Graywatera
Thermometersa
Contact Lens Solutionsb
Household Productsa
Food Wastea
Other Unidentified Residential Sourcesc

2.9
2.5
1.1
0.66
0.38
0.17
2.9

TOTAL
a

b
c

11.

Calculation is based on scaling data found in Central Contra Costa Sanitary District’s Residential
Metals Study in proportion to the residential population (LWA 1994). The residential population in the
RWQCP service area is assumed to be 236,200 (ABAG 1995), whereas the residential population in the
Central Contra Costa Sanitary District service area is assumed to be 384,615 (LWA 1994).
The calculation for contact lens solutions can be found in the Appendix.
The load attributed to other residential sources is based on the difference between the total load
estimated for all residential sources and the loads estimated for each of the other sources identified in
this table.
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Figure 2: RWQCP Mercury Sources--Residents
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dischargers do not intentionally release mercury to the sewer system through
manufacturing processes, incidental release occurs through such means as the limited use
of certain laboratory reagents and broken mercury-containing equipment. Table 3 lists
categories of industries in the service area and provides average concentration and flow
data for these industries. Figure 3 illustrates the relative contribution of these industry
categories to the 6% contribution depicted in Figure 1.
The 7% of the total load that remains unaccounted for may consist of many relatively
small unidentified sources. For example, if the mercury concentration of groundwater
supply water (about 15% of the service area water supply) were to be substantially higher
than the mercury concentration of water from Hetch Hetchy, this additional mercury load
could contribute to the 7% of the total load attributed to unknown sources. Similarly,
domestic water from commercial buildings could also contribute to the unidentified 8%.
(The contribution of employee-related human waste was calculated to identify at least a
portion of the mercury coming from this commercial domestic wastewater.) Although
part of the unknown fraction of the total mercury load probably results from unidentified
sources, a significant portion of this fraction could also reflect substantive uncertainties
that underlie all of the results presented here.

UNCERTAINTIES
The calculations and results presented in this report are intrinsically uncertain. Most of the
published sources of data for mercury flowing to wastewater treatment plants do not
estimate the uncertainty associated with the published results. There are also few specific
references to methodology and detection limits. Moreover, some references do not
indicate how many samples were collected to estimate the mercury loads presented in
these studies.
Table 4 provides some information, by source, about the data set assembled to prepare
this report. Calculations for some sources are based on RWQCP sampling and analysis.
Calculations for other sources are based on information obtained from other resources.
Table 5 provides specific information for each industrial category included within the
permitted industries source. All calculations for permitted industries are based on data
collected by the RWQCP and the industries themselves. While this represents a large
volume of analytical data, these data are based on varying detection limits, varying
numbers of samples, and several assumptions. In many cases, relatively few sample results
are available, and often these are very close to detection limits. The treatment of “nondetect” data substantially affects the outcomes of the load calculations. No mercury was
detected in any sample from a permitted industry where the detection limit was greater
than or equal to 0.01 mg/l; therefore, all data reported with detection limits of 0.01 mg/l
or higher have been disregarded. Data reported with detection limits equal to or less than
0.001 mg/l have been included, but when no mercury was detected, a value
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TABLE 3
Industrial Mercury Sources

Average Hg
Concentration
(µg/l)a

Estimated
Industry Flow
(gal/year)

Average
Hg Load
(lb/year)a

Hospitals
Biological and Pharmaceutical Labs
Electronics Industries
Other Industries:
Miscellaneous Industries
Landfills
Hazardous Waste Treatment,
Storage, and Disposal Facilities
Metal Finishing Industriesb

4.6
0.37
0.030

2.5 x 107
6.5 x 107
2.2 x 108

0.95
0.20
0.055

0.21
0.20

7.9 x 107
5.3 x 106

0.14
0.0087

0.054
0

3.3 x 106
8.2 x 107

0.0015
0

TOTAL

0.19

7.0 x 108

1.3

a
b

Concentration and load data have been corrected to reflect mercury in the water supply.
Although mercury has been detected in samples collected from the metal finishing industry, the
observed mercury concentrations can be attributed essentially entirely to mercury in the water supply.
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Figure 3: RWQCP Mercury Sources— Permitted Industries
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TABLE 4
Number of
Measurements

Average of
Detected
Measurements
(mg/l)a

Detection
Limit
(mg/l)

%
“NonDetects”

Uncertainty
Level

Residents

18

3.1 x 10-4

1 x 10-4

0

moderate

Water Supplyb

17

7.5 x 10-5

UNK

0

moderate

Dentists

45

4.1 x 10-2

UNK

UNK

moderate

0.1 x 10-4
to
10 x 10-4

80

moderate

RWQCP
Mercury Sources

-4

Permitted Industries

353

7.0 x 10

Storm Water Inflow

89

8.3 x 10-4

2 x 10-4

75

moderate

Employee-Related Human
Waste

0

NA

NA

NA

high

Stanford University

1

2.4 x 10-4

1 x 10-4

0

high

UNK

6.2 x 10-2

UNK

UNK

high

Commercial
Laundries

30

3.1 x 10-4

UNK

UNK

high

Portable Toiletsc

16

1.7 x 10-3

UNK

19

moderate

Other Known Sources:
Septage Haulers

UNK, Unknown
NA, Not Applicable
a
These concentrations vary from those appearing elsewhere in this report because they have not been
corrected to reflect mercury in the water supply.
b
The Montgomery Watson report indicates a method detection limit of 1.6 x 10-4 mg/l, which is higher
than all but two of the reported data (Montgomery Watson 1994).
c
Of the 16 measurements, 3 were “non-detects” with detection limits of 4 x 10-4, 4 x 10-4, and 1 x 10-3
mg/l. Detection limits for the other 13 other measurements are unknown. In addition to these 16
measurements, 5 “non-detects” were ignored because the detection limit (2 x 10-2 mg/l) was too high for
the results to provide meaningful information.
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TABLE 5
Industrial
Mercury Sources

Average of
Detected
Measurements
(mg/l)a

Number of
Measurements

Detection Limit
(mg/l)

%
“NonDetects”

1 x 10-4 to
10 x 10-4

74

0.5 x 10-4 to
10 x 10-4

64

46

1.2 x 10-3

Biological and
Pharmaceutical Labs

97

8.3 x 10

-4

Electronics Industries

103

2.8 x 10-4

1 x 10-4 to
10 x 10-4

96

Miscellaneous
Industries

39

2.9 x 10-4

0.1 x 10-4 to
10 x 10-4

72

Landfills

36

3.3 x 10-4

0.3 x 10-4 to
10 x 10-4

89

1

1.3 x 10-4

1 x 10-4

0

31

2.2 x 10-4

1 x 10-4 to
5 x 10-4

90

353

7.0 x 10-4

0.1 x 10-4 to
10 x 10-4

80

Hospitals

Other Industries:

Hazardous Waste
Treatment, Storage,
and Disposal
Facilities
Metal Finishing
Industries
TOTAL
a

These concentrations vary from those appearing elsewhere in this report because they have not been
corrected to reflect mercury in the water supply.
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equal to 1/2 the detection limit was used to complete the calculations. If all “non-detects”
were taken as zeros instead, the mercury load reported for permitted industries would be
0.40 pounds per year, as opposed to 1.3 pounds per year.
Variations in sample results could represent real variations in mercury concentrations.
These variations are possible and even expected in certain instances. Variations in sample
results could also represent uncertainties related to the methods used for analysis and the
very dilute sample concentrations that were measured. Therefore, calculations based on
limited data are likely to be substantially more uncertain than calculations based on larger
data sets.
The RWQCP laboratory and other laboratories may also introduce systematic errors into
the analysis, particularly when low levels of mercury (less than 0.1 µg/l) are being
measured. Positive errors due to mercury contamination in the laboratory appear to be
more frequent than negative errors. The magnitude of possible systematic errors has not
been determined. For all of the reasons discussed above, using standard statistical
methods to complete a rigorous, quantitative uncertainty analysis with the currently
available data set is infeasible.
The Appendix discusses the various factors contributing to the uncertainty in the results
for each mercury source. Although a quantitative estimate of uncertainty is infeasible,
qualitative uncertainty levels are described below.

• Moderate Uncertainty: Calculation may be based on several data points, often
obtained directly by RWQCP staff, or calculation may be based on limited data from
reliable sources. Calculation may rely on some reasonable assumptions, and “nondetect” data may contribute somewhat to uncertainty.

• High Uncertainty: Calculation is based on very limited data and numerous
assumptions. Data may be obtained from a less well documented source. Treatment
of “non-detect” data probably contributes greatly to uncertainty. Error could be
greater than ±100%.
On the basis of the information presented in the Appendix, one of the above uncertainty
levels has been assigned to each mercury source estimate (see Table 4). Results reported
with moderate uncertainty include mercury loads from residents, the water supply,
dentists, permitted industries, and storm water. Results reported with high uncertainty
include mercury loads from employee-related human waste, Stanford University, and other
known sources (i.e., septage haulers and commercial laundries, although the uncertainty
regarding loads from portable toilets is moderate). As shown in Figure 4, the uncertainty
associated with the larger mercury sources tends to be moderate, while the uncertainty
associated with some of the smaller mercury sources tends to be high. For this reason, the
relative contribution of each primary source illustrated in Figure 1 is probably reliably
reported here.
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FIGURE 4: RWQCP Mercury Sources--Uncertainties
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Stanford University stands out among the relatively small sources for which the estimated
load is highly uncertain. The Stanford University contribution is highly uncertain because
the result in based on just one sample collected in 1996, the study year. Mercury was not
detected in similar samples collected in 1995 and 1997. Because Stanford’s flow is about
1,200,000 gal/day, more thorough sampling could yield results that significantly affect the
estimated load from Stanford.
Although the level of uncertainty regarding the permitted industry results is considered
moderate (primarily due to the large number of samples considered), some industry results
are more uncertain than others. Most of the load estimates rely on a relatively high
proportion of “non-detect” data. In addition, many “non-detects” for the one hazardous
waste treatment, storage, and disposal facility in the RWQCP service area, Romic
Environmental Technologies, were disregarded because the detection limit was 0.05 mg/l.
As a result, although Romic discharges an average of about 23,000 gallons per day to the
RWQCP, the load for this source was estimated on the basis of only one sample taken
when the flow was about 8,900 gal/day.

RECOMMENDATIONS
On the basis of the results presented in this report, the RWQCP may wish to pursue some
of the following suggestions for further study. While the results suggest that existing
RWQCP pollution prevention programs for hospitals and laboratories have minimized
mercury discharges from these sources, which are relatively small compared to mercury
discharges from similar sources at other wastewater treatment plants (WLSSD 1997;
CCSF 1993), this source identification study identified some new opportunities for source
reduction.
Further Study

• Explore residential sources more closely. About 27% of the residential sources of
mercury discharge to the RWQCP have not been identified. This fraction is significant
because all residential sources combined make up a relatively large fraction (about
46%) of the total mercury load.

• Explore the potential for substantial mercury deposits to be trapped in sediments in
residential, laboratory, and hospital sewer laterals and building sewer lines. To test the
likelihood of this possibility, compare mercury concentrations in residential flows to
the RWQCP to those of younger communities, like Contra Costa County, and those of
older communities, like the City and County of San Francisco. Results of an
infrastructure cleaning project in Massachusetts hospitals conducted by the
Massachusetts Water Resources Authority and the Medical, Academic, and Scientific
Community Organization can be used to evaluate the efficacy, value, and cost of
removing the deposits (MWRA/MASCO, undated).
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• Adjust the estimated load from dentists to reflect up-to-date data now being developed
by the San Francisco Water Pollution Prevention Program.

• Develop a sampling program for Stanford University that provides more mercury
discharge data. If possible, collect numerous samples at several locations selected to
better distinguish the mercury releases from Stanford’s domestic and office sources, its
current laboratory and research activities, and its historic laboratory and research
activities.

• Re-evaluate the mercury discharge estimate for Romic Environmental Technologies
when a year’s worth of sampling data is available with recently required low detection
limits.

• Incorporate mercury among the other constituents measured in septage samples.
• Obtain mercury data for the groundwater used for water supply in certain parts of the
service area and for groundwater remediation discharges to the RWQCP. If
necessary, obtain samples of this groundwater and analyze them for their mercury
content.

• Investigate the source of mercury measured in the water supply. Determine if actions
by water supply agencies or others could take to potentially reduce the mercury load in
the water supply.

• Further explore the mercury load attributable to domestic water from commercial
sources. Employee-related human waste is not likely to be the only contributor to this
load.

• Investigate the possible contributions of commercial photoprocessors to the mercury
load. Photoprocessors that treat fixer solutions on site hold permits from the
RWQCP, but many more haul fixer waste off site as hazardous waste and do not hold
RWQCP permits. Most of these businesses probably discharge developer solutions to
the RWQCP. These solutions may or may not be significant sources of mercury.

• Better estimate the contribution of thimerisol-containing contact lens solutions to the
residential mercury load. Preliminary estimates suggest that these solutions could
make up about 6% of the residential load. Because about 46% of the total mercury
load is attributable to residents, contact lens solutions could make up about 3% of the
total load. Nevertheless, thimerisol-free contact lens solutions appear to be replacing
thimerisol-containing solutions in the marketplace.
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Source Reduction Strategies

• Develop a mercury pollution prevention plan that addresses all significant mercury
sources that can be reduced by the RWQCP.

• Develop specific source reduction strategies for RWQCP service area residents. For
example, implement a mercury thermometer exchange program, provide mercury
disposal services, or encourage residents to use thimerisol-free contact lens solutions.

• Explore ways to reduce mercury loads from dentists in the service area. For example,
encourage dentists to install mercury traps in their sink drains and to use fewer
mercury amalgam fillings.
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APPENDIX
Calculations

RESIDENTS
Average RWQCP Residential Flow = 14.7 x 106 gal/day (Source: RWQCP 1997)
Average Hg Concentration = 3.13 x 10-4 mg/l (Source: RWQCP data)
3.13 x 10-4 mg/l x 8.346 x 10-6 l-lb/mg-gal = 2.61 x 10-9 lb/gal
2.61 x 10-9 lb/gal x 14.7 x 106 gal/day x 365 days = 14.0 lb

Correction for Water Supply
Total Water Supply Load = 5.072 lb
Total Water Supply Flow = 22.2 x 106 gal/day
5.072 lb x (14.7 x 106 gal/day ÷ 22.2 x 106 gal/day) = 3.36 lb
14.0 lb - 3.36 lb = 10.6 lb

Uncertainty: Moderate
Calculation is based on 18 concentration data points gathered by RWQCP staff during
1996. Detected concentrations were reported for each sample; however, most were near
the detection limit, 1 x 10-4 mg/l. Data collected in 1995 and 1997 exhibit similar average
concentrations and concentration ranges.

A-2

WATER SUPPLY
Total Wastewater Flow = 25.6 x 106 gal/day (Source: RWQCP 1997)
Groundwater Flow = 1.7 x 106 gal/day (Source: RWQCP 1997)
Infiltration and Inflow = 1.7 x 106 gal/day (Source: RWQCP 1997)
Supply Water Flow =
Residential + Commercial + Industrial = Total - Groundwater - Infiltration and Inflow =
25.6 x 106 gal/day - 1.7 x 106 gal/day - 1.7 x 106 gal/day =
22.2 x 106 gal/day
Average Hg Concentration = 7.5 x 10-5 mg/l (Source: Montgomery Watson 1994)
7.5 x 10-5 mg/l x 8.346 x 10-6 l-lb/mg-gal = 6.26 x 10-10 lb/gal
6.26 x 10-10 lb/gal x 22.2 x 106 gal/day x 365 days = 5.072 lb

Correction for Water Supply
No correction is necessary.

Uncertainty: Moderate
Calculation is based on 17 concentration measurements of the water supply from the San
Francisco Water Department. Concentrations were reported for all 17 measurements;
however, all but 2 measurements were less than the reported method detection limit of 16
x 10-5 mg/l. Groundwater makes up about 15% of the total water supply, but no data are
available with sufficiently low detection limits to estimate the mercury concentrations in
this local water supply, so it was assumed to contain the same concentration as the San
Francisco Water Department water.

A-3

DENTISTS
Number of Dentists in RWQCP Service Area = 110 (Source: RWQCP data)
Daily Hg Discharge per Dentist = 3.47 x 10-2 g/day (Source: Rourke 1993)
Assumed Operating Schedule = weekdays, 50 weeks per year = 250 days / year
3.47 x 10-2 g/day/dentist x 110 dentists x 250 days = 954 g
954 g x 0.002205 lb/g = 2.10 lb

Correction for Water Supply
Total Water Supply Load = 5.072 lb
Total Water Supply Flow = 22.2 x 106 gal/day = 8.1 x 109 gal/year
Concentration of Dental Discharge = 0.041 mg/l = 4.1 x 10-5 g/l (Source: Rourke
1993)
Flow from Dentists =
110 dentists x 3.47 x 10-2 g/day/dentist ÷ 4.1 x 10-5 g/l = 9.31 x 104 l/day
9.31 x 104 l/day ÷ 3.785 l/gal = 2.46 x 104 gal/day
2.46 x 104 gal/day x 250 days/year = 6.15 x 106 gal/year
5.072 lb x (6.15 x 106 gal/year ÷ 8.1 x 109 gal/year) = 0.00385 lb
2.10 lb - 0.00385 lb = 2.1 lb

Uncertainty: Moderate
Calculation is based on measurements of 9 dental buildings in San Francisco, one of which
housed 150 dentists. Discharge from each building was sampled once a day for 5 days.
The detection limit for the analysis is unknown, and the treatment of any “non-detects” is
also unknown. The number of dentists included was relatively large compared to the
number in the RWQCP service area (110).

A-4

PERMITTED INDUSTRIES
Mercury Load = 1.776 lb
(Source: Excel spreadsheet calculations based on 1996 RWQCP and permitted discharger
sampling data reported to the RWQCP)

Correction for Water Supply
Total Water Supply Load = 5.072 lb
Total Water Supply Flow = 22.2 x 106 gal/day = 8.1 x 109 gal/year
Permitted Industry Flow = 6.98 x 108 gal/year (total) - 5.26 x 106 gal/year (landfill) =
6.93 x 108 gal/year (Source: Excel spreadsheet calculations)
5.072 lb x (6.93 x 108 gal/year ÷ 8.1 x 109 gal/year) = 0.434 lb
1.776 lb - 0.434 lb = 1.3 lb

Uncertainty: Moderate
Calculation is based on extensive sampling data for 1996; however, numerous nondetects
were included at half the detection limit. Laboratory results may also involve some
uncertainty due to systematic errors.

A-5

STORM WATER
Infiltration and Inflow = 1.7 x 106 gal/day (Source: RWQCP 1997)
Average Hg Concentration = 2.81 x 10-4 mg/l (Source: Santa Clara Valley 1996)
Approximate Inflow (assuming that inflow is half of combined infiltration and inflow) =
1.7 x 106 gal/day ÷ 2 = 8.5 x 105 gal/day
2.81 x 10-4 mg/l x 8.346 x 10-6 l-lb/mg-gal = 2.3 x 10-9 lb/gal
2.3 x 10-9 lb/gal x 8.5 x 105 gal/day x 365 days = 0.73 lb

Correction for Water Supply
No correction is necessary.

Uncertainty: Moderate
Calculation is based on 89 concentration data points reported by the Santa Clara Valley
Water District. Of the 89 measurements, 67 resulted in “non-detects.” One half of the 2 x
10-4 mg/l detection limit was used to estimate the average concentration of 2.81 x 10-4
mg/l. Inflow is estimated as 50% of the combined infiltration and inflow to the RWQCP.

A-6

EMPLOYEE-RELATED HUMAN WASTE
Approximate Number of Jobs in RWQCP Service Area = 163,670 (Source: ABAG
1995)
Daily Hg Discharge per Human = 0.015 mg (Source: LWA 1994)
Approximate Number of Non-Resident Business People (assuming that half of all
employed business people are residents) = 163,670 ÷ 2 = 81,835
0.015 mg/day x 250 days x 81,835 = 3.07 x 105 mg
3.07 x 105 mg x 0.001 g/mg x 0.002205 lb/g = 0.68 lb

Correction for Water Supply
No correction is necessary.

Uncertainty: High
Calculation is based on mass balance of mercury intake versus mercury excretion on a per
capita basis, as estimated by the Municipality of Metropolitan Seattle on the basis of
published literature. Larry Walker Associates included a summary of this estimate in the
Central Contra Costa Sanitary District’s Residential Metals Study (LWA 1994). The
uncertaintly of this data is unknown. The non-resident business population is estimated as
50% of the jobs in the RWQCP service area (i.e., half of those employed in the service
area also live in the service area).
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STANFORD UNIVERSITY
Average Annual Stanford Flow = 4.34 x 108 gal (Source: RWQCP data)
Average Hg Concentration = 2.4 x 10-4 mg/l (Source: RWQCP data)
2.4 x 10-4 mg/l x 8.346 x 10-6 l-lb/mg-gal = 2.0 x 10-9 lb/gal
2.0 x 10-9 lb/gal x 4.34 x 108 gal = 0.869 lb

Correction for Water Supply
Total Water Supply Load = 5.072 lb
Total Water Supply Flow = 22.2 x 106 gal/day
Stanford Flow = 4.34 x 108 gal/year ÷ 365 days/year = 1.19 x 106 gal/day
5.072 lb x (1.19 x 106 gal/day ÷ 22.2 x 106 gal/day) = 0.272 lb
0.869 lb - 0.272 lb = 0.60 lb

Uncertainty: High
Calculation is based on one concentration data point collected by RWQCP staff. This
value is close to the detection limit of 1 x 10-4 mg/l. Annual wastewater flow is estimated
on the basis of 11 months of water use.
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SEPTAGE HAULERS
Average Daily Septage Flow = 1,884 gal/day (Source: RWQCP data)
Average Hg Concentration = 6.2 x 10-2 mg/l (Source: WLSSD 1997)
6.2 x 10-2 mg/l x 8.346 x 10-6 l-lb/mg-gal = 5.17 x 10-7 lb/gal
5.17 x 10-7 lb/gal x 1,884 gal/day x 250 days = 0.24 lb

Correction for Water Supply
No correction is necessary.

Uncertainty: High
Calculation is based on a concentration reported by the Western Lake Superior Sanitary
District. Because the extent of sampling and analysis supporting this concentration is
unknown, the uncertaintly of this concentration is also unknown. Septage flow is
estimated by RWQCP staff.
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COMMERCIAL LAUNDRIES
Average Flow = 29,647 gal/day (Source: RWQCP data)
Average Hg Concentration = 3.1 x 10-4 mg/l (Source: LWA 1994)
3.1 x 10-4 mg/l x 8.346 x 10-6 l-lb/mg-gal = 2.6 x 10-9 lb/gal
2.6 x 10-9 lb/gal x 29,647 gal/day x 365 = 0.028 lb

Correction for Water Supply
No correction is necessary because the water supply contribution is not included in the
Central Contra Costa Sanitary District data.

Uncertainty: High
Concentration data are based on limited investigations by Larry Walker Associates and
Central Contra Costa Sanitary District. Mercury discharge concentrations were measured
for each of 15 loads of white clothes and 15 loads of colored clothes provided by Central
Contra Costa Sanitary District volunteers. No information is available regarding detection
limits or the treatment of “non-detects,” if any occurred. Flow data include some water
use related to domestic and other purposes.
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PORTABLE TOILETS
Average Annual Portable Toilet Flow = 205,000 gal (Source: RWQCP data)
Average Hg Concentration = 1.4 x 10-3 mg/l (Source: Keach 1997)
1.4 x 10-3 mg/l x 8.346 x 10-6 l-lb/mg-gal = 1.19 x 10-8 lb/gal
1.19 x 10-8 lb/gal x 205,000 gal = 0.0024 lb

Correction for Water Supply
No correction is necessary.

Uncertainty: Moderate
Calculation is based on 16 measurements, ignoring 5 “non-detect” values where the
detection limit was 20 x 10-3 mg/l (higher than the detected levels of mercury). Of the
remaining 16 measurements, 3 were “non-detects” where the detection limits were 1 x 103
, 0.4 x 10-3,
0.4 x 10-3 mg/l. For these measurements, one half of the detection limit was used for the
calculation. Detection limits for the other measurements are unknown. Portable toilet
flow is estimated by RWQCP staff.
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CONTACT LENS SOLUTIONS
Average Thimerisol Concentration = 0.00015%
(Source: observed 0.002% and 0.004% solutions in approximately 5% of products)
RWQCP Service Area Population = 236,200 (Source: ABAG 1995)
Assumed Fraction of People Who Wear Contact Lens = 0.3
Assumed Annual Volume of Contact Lens Cleaner = 8 x 12 oz / person
8 x 12oz / person x 0.0078 gal/oz x 236,200 people x 0.3 = 53,060 gal solution
53,060 gal x 3.785 l/gal = 200,800 l solution
200,800 l x 0.00015% ÷ 100 = 0.301 l = 301 g mercury
301 g x 0.002205 lb/g = 0.66 lb
Fraction of Residential Load (10.6 pounds / year) =
0.66 ÷ 10.6 x 100% = 6.2% of Residential Load
Fraction of Total Load (23 pounds / year) =
0.66 ÷ 23 x 100% = 2.9% of Total Load

Correction for Water Supply
No correction is necessary.

Uncertainty: High
Calculation is based on two observed thimerisol concentrations on contact lens solution
containers. The fraction of the market that contains thimerisol is assumed. Similarly, the
fraction of the population that wears contact lens and the volume of solution used by each
person is assumed. Although these assumptions are based on professional judgement and
informal interviews with two individuals in the contact lens industry (Witney 1997; Choi
1997), they introduce substantial uncertainty into the calculation.
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Conversion Factors
0.001 l/ml
0.002205 lb/g
3.785 l/gal
8.346 x 10-6 l-lb/mg-gal
1.198 x 105 mg-gal/l-lb
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