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SUMMARY

The Palo Alto Regional Water Quality Control Plant (RWQCP) conducted this study to
investigate sources of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) (referred to collectively as “dioxins” in this report) in the plant’s
influent.  The goal of this effort is to identify and quantify, to the extent possible, sources
of dioxins 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 conveyances through which dioxins flow to the
RWQCP appear to be laundry graywater, storm water inflow, shower water, human
waste, and toilet paper.  The actual sources of the dioxin conveyed to the RWQCP are
local, national, and international.  Primary local sources of dioxins appear to be
residential wood burning and motor vehicles, particularly diesel-fueled motor vehicles.
National and international activities responsible for dioxins that reach the RWQCP
include bleaching paper, incinerating medical and municipal waste, and manufacture and
use of chlorinated pesticides.  Substantial uncertainties exist in the estimated dioxin
loads; therefore, significant sources or conveyances of dioxins to the RWQCP could
remain unidentified.  Further study should involve continuing to monitor dioxin levels at
the RWQCP; investigating the potential for dioxin contamination in chlorine-containing
products; and determining dioxin levels in the supply water.  Future source reduction
strategies will need to focus on sources that the RWQCP does not directly control, such
as dioxin emissions from diesel-fueled vehicles.

PURPOSE

Dioxins are highly toxic substances that persist for long periods in the environment,
where they bioaccumulate in living tissues.  Due to their chemical properties (slow
decomposition rate and low but important volatility), dioxins released to the environment
can travel far from their sources.  Atmospheric deposition has been observed throughout
both densely and sparsely populated areas of the world (Schecter 1994).  Following
deposition, dioxins make their way from microorganisms to higher organisms, and as they
move through the food web, their concentrations increase, accumulating especially in
fatty tissues.  About 96% of a typical adult’s exposure to dioxins occurs through the
ingestion of foods (Farland 1997).  Meat, fish, and dairy products have the highest
concentrations of dioxins.  In humans, dioxins have been shown to cause cancer, weaken
the immune system, and interfere with the endrocrine system, which is responsible for
making hormones needed to regulate bodily functions, including sexual development and
fertility.

The term “dioxins” commonly refers to a collection of molecules with a common
chemical structure, as shown in Figure 1.  PCDDs may have any number of chlorine
atoms substituted at locations 1, 2, 3, 4, 6, 7, 8, or 9 (locations shown in Figure 1).
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TABLE 1:  Toxicity Equivalency Factors

Congener Toxicity Equivalency Factor (TEF)

2,3,7,8-tetrachlorodibenzo-p-dioxin 1
1,2,3,7,8-pentachlorodibenzo-p-dioxin 0.5
1,2,3,4,7,8-hexachlorodibenzo-p-dioxin 0.1
1,2,3,6,7,8-hexachlorodibenzo-p-dioxin 0.1
1,2,3,7,8,9-hexachlorodibenzo-p-dioxin 0.1
1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin 0.01
octachlorodibenzo-p-dioxin 0.001
other dibenzo-p-dioxins 0

2,3,7,8-tetrachlorodibenzofuran 0.1
1,2,3,7,8-pentachlorodibenzofuran 0.05
2,3,4,7,8-pentachlorodibenzofuran 0.5
1,2,3,4,7,8-hexachlorodibenzofuran 0.1
1,2,3,6,7,8-hexachlorodibenzofuran 0.1
1,2,3,7,8,9-hexachlorodibenzofuran 0.1
2,3,4,6,7,8-hexachlorodibenzofuran 0.1
1,2,3,4,6,7,8-heptachlorodibenzofuran 0.01
1,2,3,4,7,8,9-heptachlorodibenzofuran 0.01
octachlorodibenzofuran 0.001
other dibenzofurans 0

Source:  EPA 1994

is a Toxic Equivalent (TEQ).  This study uses TEQs to the extent possible, and does not
examine the relative composition of congeners, which varies from source to source.

The RWQCP releases dioxins to the environment through its treated effluent, ash from
sludge incineration, and incinerator air emissions.  Together, all wastewater treatment
plants in the Bay Area are responsible for about 2% of the dioxins discharged directly to
the bay, while most dioxins enter San Francisco Bay from air deposition of dioxin-
containing particulates onto water and from storm water runoff (Tang 1997).
Nevertheless, RWQCP releases are of concern because of the human and environmental
toxicity of dioxins.  For this reason, the RWQCP has embarked on this study to explore
sources of dioxins in discharges to the sewer contributing to the plant’s influent loading.
Because this study focuses on the sewer system, it does not consider in-plant formation of
dioxins (e.g., through low temperature formation at the plant or from the plant’s sludge
incinerator).  The goal of this effort is to identify sources of dioxins in the RWQCP
influent, estimate their relative magnitudes, identify areas where more information is
needed, and provide information useful in exploring possible opportunities for pollution
prevention.
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RESULTS

Dioxins are produced when chlorine-containing products, such as organochlorine
pesticides, polyvinyl chloride (PVC) plastics, and polychlorinated biphenyls (PCBs), are
made, and when these products are heated or burned.  Dioxins are not intentionally
created for any useful purpose; they are waste byproducts of incineration, chemical
manufacturing, and pulp and paper bleaching.

Because of the persistence of dioxins in the environment, they have been shown to
disperse widely throughout the world, often depositing very far from the human activity
that created them.  For example, dioxins have been found far away from human
populations (Schecter 1994).  For this reason, some dioxins in the RWQCP service area
are probably formed by human activities occurring far away.  These dioxins are picked up
and passed through the environment via one or more “conveyances,” the last of which
discharge to RWQCP, as discussed below.

Dioxin Sources -- National

Appendix A lists known sources of dioxins in the U.S.  These sources include bleached
chemical pulp and paper mills; chemical manufacturing, processing, and use; incineration
and energy recovery; metallurgical processes; power and energy generation; and sources
already present in the environment, such as pentachlorophenol-treated wood (EPA 1994).
This list is not exhaustive.  Other dioxin sources include the manufacture of graphite
electrodes used in the chloralkali industry; the production and recycling of magnesium,
nickel, and aluminum; and petroleum refining (Schecter 1994).  Nationally, most dioxin
is released to air as a result of municipal and medical waste incineration, cement
manufacturing, wood burning, copper smelting, coal combustion, open burning (e.g.,
forest fires), motor vehicle operation, and pentachlorophenol wood treatment (Bateman
and Deboisblanc 1996).

Dioxin Sources -- Local

Very few major dioxin sources are located within the RWQCP service area.  For
example, no incinerators, chemical manufacturers, or pulp or paper bleaching operations
discharge dioxins directly to the RWQCP.  Sources of dioxins in the San Francisco Bay
Area include motor vehicles, residential wood burning, and other smaller sources.  As
shown in Appendix B, residential wood burning accounts for 15% of dioxin air emissions
in the Bay Area.  Diesel-fueled motor vehicles are responsible for about 69% of local
dioxin emissions (Bateman and Deboisblanc 1997).

Dioxin Sources -- RWQCP

The dioxin concentration in RWQCP influent is extremely low and difficult to measure.
On the basis of analytical sampling, however, the concentration is believed to be between
7 x 10-8 and 200 x 10-8 pounds per day (lb/day) TEQ.  The RWQCP’s best estimate of the
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actual concentration is about 20 x 10-8 lb/day TEQ, but this estimate is highly uncertain as
discussed below.

In most cases, the primary dioxin sources (where dioxins are created) do not release
dioxins directly to the RWQCP; dioxins arrive at the plant through several indirect routes
or conveyances.  Figure 4 illustrates the major conveyances through which dioxins reach
the RWQCP.  As shown in this figure, conveyances to the RWQCP can be linked to
intermediate conveyances that lead back to the original sources of the dioxins.  As
mentioned above, most of these original sources do not exist within the RWQCP service
area to any appreciable extent.

Table 2 categorizes each conveyance to the RWQCP as either a relatively large
contributor to the RWQCP’s dioxin load or a relatively small contributor.  To the extent
possible, these conclusions are based on calculations of estimated dioxin loads from each
conveyance (see Appendices C and D).  As discussed below, these load estimates are
highly uncertain.  Nevertheless, they indicate that the greatest conveyances of dioxins to
the RWQCP are probably laundry graywater, storm water inflow, shower water, human
waste (particularly feces), and bleached toilet paper.  By tracing these conveyances back
to the original dioxin sources shown in Figure 4, metal chloride manufacturing and
historic activities can be eliminated as potentially substantial sources of dioxins in the
RWQCP influent.  Dioxin air emissions sources and organochlorine pesticide use can be
linked to all of the large conveyances to the RWQCP, except for toilet paper, which may
contain dioxins from the bleaching process performed by some manufacturers.  Table 3
matches the large conveyances to the RWQCP to the most important sources of dioxins
conveyed through these routes.

The importance of atmospheric deposition as an intermediate conveyance of dioxins to
the RWQCP is evident in Figure 4.  Dioxins emitted by many sources disperse in the
atmosphere, mix with dioxins from other sources, and eventually deposit on soil and
water surfaces.  These deposits contaminate the soil and water, thereby contaminating
storm water runoff and entering the food web.  Dioxins accumulated in the food web
return to the environment through animal waste, including human waste.  Presumably,
dioxins accumulated within the body and on the skin can also be released to shower water
and household dust as dead skin cells are released (Wittsiepe et al. 1997).

As Figure 4 shows, a second important intermediate conveyance is the use of
pentachlorophenol.  Commercial pentachlorophenol contains various dioxin contaminants
(Baird 1995), and textiles made of cotton grown in certain parts of the world outside the
U.S. have been shown to contain dioxins, apparently due to the treatment of raw cotton
with pentachlorophenol.  Trace amounts of dioxins in this cotton clothing are believed to
be a source of dioxins in laundry graywater.  Chloranil-based dyes, such as carbazole
violet, and fabric bleaching processes may also contribute dioxins to laundry graywater
(Fiedler 1993; Remmes et al. 1992; LexJn et al. 1993).  Dioxins in clothing are believed
to enter the upper layers of human skin, then wash off during showers, contributing to
elevated dioxin levels in shower water (Horstmann and McLachlan 1994).
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Figure 4.  Major Sources of Dioxins and their Primary Routes to the RWQCP

Source Intermediate Conveyance Conveyance to RWQCP

Historic activities
landfills

Motor vehicles hazardous waste management
food web

(human ingestion) human waste
Residential
wood burning
(e.g., fire places) dust food waste

air deposition soil storm water inflow
Incineration and other air
emissions sources

cleaning water

Chlorinated chemical
(e.g., PCBs and chloranil-based
dyes) manufacturing

chlorinated
chemicals products

household
products

(e.g., bleach and
liquid soap)

shower water

laundry graywater
Organochlorine pesticide
(e.g., pentachlorophenol)

organochlorine
pesticide products cotton textiles

water supply

Manufacturing toilet paper

Paper bleaching industrial users of
metal chlorides metal chlorides

Metal chloride manufacturing

SOURCE:  EIP Associates, 1997
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TABLE 2:  Estimated Dioxin Loads

Conveyance to RWQCP
Estimated Load

(10-8 lb/day TEQ)a

Uncertainty
of Data

Contribution to
RWQCP Loadb

Laundry Graywater 60 Very High LARGE
Storm Water Inflow 6 High LARGE
Human Waste 4 High LARGE
Shower Water 4 Very High LARGE
Toilet Paper 2 Very High LARGE
Food Waste 0.7 High LARGE
Landfills 0.02 to 0.2 High small
Hazardous Waste Management 0.01 to 0.1 High small
Industrial Use of Metal Chlorides 0.05 Very High small
Cleaning Water (at residential

and commercial facilities)c
NA -- small

Liquid Soap 0.2 Very High small
Chlorine Bleach 0.002 Very High small

Water Supply NA -- Unknown
_____________

TOTAL 7 to 200 High --

NA, Not Available
a See Appendices C and D.
b For purposes of this report, a relatively large contribution to the RWQCP load is defined as at least 10%

of the lowest estimated load.
c Although no quantitative estimate of dioxin levels in cleaning water is available, the intermediate

conveyances and sources of dioxins in cleaning water would be generally similar to those in storm water,
with the exception of cleaning products added for indoor uses.  Because the cleaning water flow to the
RWQCP is much less than the volume of storm water inflow, however, the importance of this conveyance
is believed to be relatively small.

UNCERTAINTIES

Each estimated dioxin load presented in Table 2 is evaluated according to the uncertainty
of the data.  Because all of these estimates are subject to substantial uncertainty, they are
categorized as either exhibiting “high uncertainty” or “very high uncertainty,” as defined
below.

• High Uncertainty:  Calculation is based on very limited data and numerous
assumptions.  Data may be obtained from a poorly documented source.  Treatment of
“non-detect” data may contribute greatly to uncertainty.  Error could be greater than
±100%.
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TABLE 3:  Large Dioxin Conveyances and their Primary Sources

Large Conveyances
to RWQCP Most Important Sources

Laundry Graywater
  and
Shower Water

Chlorinated Chemical Manufacturing
  and
Organochlorine Pesticide Manufacturing
  (e.g., via chloranil-based dyes,
  pentachlorophenol-treated cotton textiles,
  chlorine bleach, and soil)

Storm Water Inflow Motor Vehicles,
Residential Wood Burning,
Incineration,
  and
Historic Activities
  (via air deposition and soil)

Human Waste
  and
Food Waste

Motor Vehicles,
Residential Wood Burning,
Incineration,
  and
Historic Activities
  (via air deposition, soil, and food web)

Toilet Paper Paper Bleaching

• Very High Uncertainty:  Calculation is based on interpretation of a poorly
documented source (or a foreign source that may not be representative of conditions
in the RWQCP service area) and numerous important, yet uncertain, assumptions.
Error could be more than one order of magnitude.

RWQCP Influent Load Estimate

The RWQCP has collected four 24-hour composite samples from the plant’s influent, and
measured the concentrations of each of the 17 dioxin congeners for which a TEF exists
(as shown in Table 1, only 17 of the 210 dioxin congeners have TEFs).  As mentioned
above, the dioxin concentration in the RWQCP influent is extremely low and challenging
to measure.  Available technologies can detect some dioxin congeners at these very low
concentrations, but quantification is difficult.
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The resulting uncertainty arises from the individual measurements being close to their
detection limits, which range from 8 x 10-13 to 6 x 10-12 grams per liter.  Substantial
uncertainty also results from frequent “non-detects.”  Of the 17 congeners studied, the
only 4 congeners detected in the plant’s influent are 1,2,3,4,6,7,8-heptachlorodibenzo-p-
dioxin; octachlorodibenzo-p-dioxin; 1,2,3,4,6,7,8-heptachlorodibenzofuran; and
octachlorodibenzofuran.  The treatment of “non-detect” data for the other congeners
greatly affects the results of the calculations.

Assuming that the concentrations of all congeners not detected through the sampling
effort are zero, the dioxin concentration in the RWQCP’s influent is estimated to be about
7 x 10-8 lb/day TEQ.  Assuming that the concentrations of all undetected congeners are
equal to their detection limits, the dioxin concentration in the RWQCP’s influent is
estimated to be about 200 x 10-8 lb/day TEQ.  The actual influent dioxin concentration is
believed to be somewhere within this range, which spans two orders of magnitude.

To estimate the congener concentrations that could exist in the influent without being
detectable, the RWQCP used measured dioxin concentrations in the plant’s sludge cake,
where all but 3 of the 17 congeners with TEFs were detected.  Because most of the dioxin
in the influent is expected to be absorbed and concentrated in this cake, the relative
proportions among the various congeners in the cake are believed to be representative of
the relative proportions in the influent.  Again, the treatment of “non-detects” data
significantly affects the results of the calculated dioxin concentration, and this process is
subject to considerable professional judgment.  With this caveat, the RWQCP’s best
estimate of the dioxin concentration in its influent is 20 x 10-8 lb/day TEQ.

Interpreting these Results

Because of the uncertainty of the results summarized in Table 2, they could be subject to
over-interpretation.  By categorizing each conveyance as either large or small, this report
avoids inappropriately comparing the individual results with one another.  Each estimate
provided in Table 2 is subject to sufficient uncertainty that the estimates should not be
added together to estimate the total contribution of the known dioxin conveyances.  In
fact, the estimated dioxin loads from the conveyances listed in Table 2 may sum to a
value substantially greater than the actual dioxin load at the plant.  Alternatively, the
individual conveyances could fail to account for a substantial portion of the measured
dioxin load.  Because the total dioxin load in the RWQCP influent cannot be determined
with certainty, the amount of dioxin flowing to the RWQCP from unidentified
conveyances cannot be estimated.

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.
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• Continue to monitor dioxin levels at various locations throughout the plant.  An
improved understanding of how much dioxin moves through the plant and where it
goes will facilitate comparisons among the sources and conveyances identified in this
source investigation.

• Investigate dioxin concentrations in the water supply, and if substantial, investigate
the source of this contamination (e.g., water treatment chemicals or atmospheric
deposition on reservoirs).

• Investigate dioxin levels in toilet paper and the source of dioxins in toilet paper.

• Determine which chlorinated chemical products, including organochlorine pesticides,
may contain dioxin as a contaminant, and investigate the contaminant concentrations
and service area use of these products.

• Develop a dioxin pollution prevention plan that addresses the significant dioxin
sources contributing to RWQCP loads.

• Explore ways to encourage the reduction of dioxins emissions in diesel vehicle
exhaust.

• Consider ways to discourage the use of dioxin-contaminated dyes and pesticides on
textiles used to make clothing.
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APPENDIX A

Sources of Dioxins in the U.S.
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DIOXINS RELEASED IN THE U.S., BY MEDIUM

Emission Source Emission Rate (grams/year TEQ)

Air Water Land Product

Industrial / Municipal Processes
Bleached Chemical Pulp and Paper Mills (a) 110 100 150
Publicly Owned Treatment Works (b) -- 210 3.6
Chemical Manufacturing / Processing / Use Sources:

Chlorophenols -- NEG NEG --
Chlorobenzene -- NEG NEG --
Aliphatic Chlorine Compounds NEG -- --
Dioxazine Dyes / Pigments -- -- -- --
Pesticides -- -- -- --

Combustion and Incineration Processes
Incineration and Energy Recovery:

Municipal Waste Incineration 3,000 NEG 1,800 NA
Hazardous Waste Incineration 35 NEG -- NA
Medical Waste Incineration 5,100 NEG -- NA
Kraft Black Liquor Boilers 2.7 NEG -- NA
Sewage Sludge Incineration 23 NEG -- NA
Carbon Reactivation Furnaces 0.1 NEG NA NA
Cement Kilns 350 -- 24 --

Metallurgical Processes:
Ferrous Metal Smelting / Refining -- -- -- NEG
Secondary Copper Smelting / Refining 230 -- -- NEG
Secondary Lead Smelting / Refining 1.6 -- -- NEG
Scrap Electric Wire Recovery NEG NEG NEG NEG
Drum and Barrel Reclamation 1.7 -- -- NEG

Power / Energy Generation:
Tire Combustion 0.3 -- -- NA
Vehicle Fuel Combustion (leaded) (c) NA NA NA
Vehicle Fuel Combustion (unleaded) 1.3 NA NA NA
Vehicle Fuel Combustion (diesel) 85 NA NA NA
Wood Burning (residential) 40 NA -- NA
Wood Burning (industrial) 320 -- -- NA
Coal Combustion (residential) -- -- -- NA
Coal Combustion (industrial) -- NA -- NA
Coal Combustion (utility) -- -- -- NA
Oil Combustion (residential) -- NA -- NA
Charcoal Briquette Combustion (residential) -- NA -- NA

Reservoir Sources:
Pentachlorophenol-Treated Surfaces -- -- -- --
Forest Fires (d) 86 -- -- NA

TOTAL (e) 9,300 110 2,100 150

NA:  Not Applicable NEG:  Negligible or Non-Existent BLANK (--):  Insufficient Data
(a) See Kraft black liquor boilers, below.
(b) See sewage sludge incineration, below.
(c) Leaded fuel production and the manufacture of motor vehicles requiring leaded fuel are prohibited in the U.S.
(d) The fraction of the estimated emissions from forest fires representing a reservoir source is unknown.
(e) The total reflects only the emissions estimates shown here.  The number of blanks reflects the many unknowns.
SOURCE:  EPA 1994



APPENDIX B

Local Sources of Dioxins in Air
(from Bateman, B., and B. Deboisblanc, Toxic Evaluation Section, Bay Area Air Quality

Management District, Air Emissions of Dioxins in the Bay Area, March 27, 1996)
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Calculations



C-1

LAUNDRY GRAYWATER

Average dioxin concentration in laundry graywater  =  22.75 x 10-12 g/l TEQ
(Source:  Horstmann and McLachlan 1995)

Palo Alto RWQCP service area households  =  81,290
Palo Alto RWQCP service area population  =  236,200
(Source:  ABAG 1995)

Central Contra Costa Sanitary District households  =  110,000
Central Contra Costa Sanitary District service area population  =  384,615
(Source:  LWA 1994)

Average volume of laundry graywater discharged by Central Contra Costa Sanitary
District households  =  300 gal /week  (Source:  LWA 1994)

Persons per household in Palo Alto RWQCP service area  =
236,200  ÷  81,290  =  2.91

Persons per household in Central Contra Costa Sanitary District service area  =
384,615  ÷  110,000  =  3.50

Average volume of laundry graywater discharged by Palo Alto RWQCP households  =
300 gal /week/household  x  (2.91  ÷  3.50)  =  249 gal/week/household
249 gal/week/household  ÷  7 days/week  =  35.6 gal/day/household
35.6 gal/day/household  x  81,290 households  =  2.90 x 106 gal/day

22.75 x 10-12 g/l TEQ  x  3.785 l/gal  x  2.90 x 106 gal/day  x  2.205 x 10-3 lb/g =
5.5 x 10-7 lb/day TEQ

Notes:

The concentration reported in the literature is based on 4 samples representing 4 loads of
laundry collected in Germany.  “Non-detects” were taken to equal detection limits, which
ranged from 0.5 to 1 pg/l.  Of the 17 congeners for which TEFs exist, between 14 and 16
were detected in each sample.  Only 1,2,3,7,8,9-hexachlorodibenzofuran was not detected
in any sample.
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STORM WATER INFLOW

Average dioxin concentration in storm water  =  8.72 x 10-12 g/l TEQ
(Source:  CRWQCB 1997)

RWQCP infiltration and inflow  =  1.7 x 106 gal/day
(Source:  RWQCP 1997)

Assuming half of infiltration and inflow is inflow,
1.7 x 106 gal/day  ÷  2  =  8.5 x 105 gal/day

8.72 x 10-12 g/l TEQ  x  3.785 l/gal  x  8.5 x 105 gal/day  x  2.205 x 10-3 lb/g =
6.2 x 10-8 lb/day TEQ

Notes:

The concentration is based on 15 samples from 6 sites collected throughout the San
Francisco Bay Area.  “Non-detects” were taken to equal zero; detection limits ranged
from 0.76 to 10 pg/l, depending on the congener and sample considered.  Of the 17
congeners for which TEFs exist, between 4 and 15 were detected in each sample.
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HUMAN WASTE (Feces and Urine)

Dioxin excreted in feces  =  3.1 x 10-8 lb/day TEQ
(Source:  LWA 1997)

Dioxin excreted in urine  =  28% dioxin excreted in feces
(Source:  Poiger and Schlatter 1986)

28% of 3.1 x 10-8 lb/day TEQ  =  8.7 x 10-9 lb/day TEQ in urine

8.7 x 10-9 lb/day TEQ in urine  +  3.1 x 10-8 lb/day TEQ in feces  =
4.0 x 10-8 lb/day TEQ in human waste

Notes:

The concentration in feces was estimated by Larry Walker Associates (LWA 1997, see
Appendix D).  The concentration in urine was estimated on the basis of reported
excretion by a rhesus monkey.  Little information is provided to support this value, which
is the ratio of urinary excretion to fecal excretion.
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SHOWER WATER

Average mass of dioxin in water from one shower  =  74.8 x 10-12 g TEQ
(Source:  Horstmann and McLachlan 1995)

Palo Alto RWQCP service area population  =  236,200
(Source:  ABAG 1995)

Assuming that each person takes one shower per day,
74.8 x 10-12 g TEQ / person  x  236,200 persons / day x  2.205 x 10-3 lb/g  =
3.9 x 10-8 lb/day TEQ

Notes:

The concentration reported in the literature is based on 5 samples collected in Germany.
“Non-detects” were taken to equal detection limits, which ranged from 2 to 35 pg/shower,
depending on the congener.  Of the 17 congeners for which TEFs exist, between 7 and 11
were detected in each sample.
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TOILET PAPER

Dioxin concentration in tissue paper  =  4.42 x 10-12 grams TEQ/grams paper
(Source:  LeBel et al. 1992)

Average consumption of toilet paper (toilet tissue)  =  8.48 g/person/day
(Source:  CCSF 1991)

Palo Alto RWQCP service area population  =  236,200
(Source:  ABAG 1995)

8.48 g/person/day  x  236,200 persons  x  4.42 x 10-12 grams TEQ/grams paper
x  2.205 x 10-3 lb/g =  2.0 x 10-8 lb/day TEQ

Notes:

LeBel et al. measured the dioxin concentrations of 14 tissue paper products in Ontario,
Canada (average = 4.42 ppt).  Of these, only 3 were toilet papers (average = 3.1 ppt)
(LeBel et al. 1992).  Because of the variability of the data and because Beck et al. report a
higher concentration for “cosmetic tissue” in Germany (4.7 ppt) (Beck et al. 1988), the
average value for all tissue paper as reported by LeBel et al. is used here.  “Non-detects”
were taken to equal zero; the detection limits ranged from 0.2 to 0.7 pg/g.  Of the 17
congeners for which TEFs exist, between 3 and 9 were detected in each sample.
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LANDFILLS

The RWQCP collected three grab samples of landfill discharges:  one from the Palo Alto
landfill, one from the Mountain View landfill, and one from the condensate from the Palo
Alto landfill-associated cogeneration facility.

Palo Alto Landfill

The concentrations of each of the 17 dioxin congeners of interest (those for which a TEF
exists) were measured with detection limits ranging from 9.2 x 10-13 to 2.6 x 10-12 grams
per liter, depending on the congener.  Of the 17 congeners studied, only 4 were detected:
1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin; octachlorodibenzo-p-dioxin; 1,2,3,4,6,7,8-
heptachlorodibenzofuran; and octachlorodibenzofuran.  Assuming that “non-detects”
equal zero, the dioxin concentration in the Palo Alto landfill discharge was about
6.9 x 10-13 g/l TEQ.  With a discharge flow of 11,679 gal/day, this concentration
corresponds to a dioxin load of about 6.7 x 10-11 lb/day TEQ.  When “non-detects” were
taken to equal the detection limits, the dioxin concentration were estimated to be about
6.0 x 10-12 g/l TEQ, for a load of 5.9 x 10-10 lb/day TEQ.

Mountain View Landfill

The concentrations of each of the 17 dioxin congeners of interest were measured with
detection limits ranging from 1.1 x 10-12 to 2.6 x 10-12 grams per liter.  Of the 17
congeners studied, only 4 were detected:  1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin;
octachlorodibenzo-p-dioxin; 1,2,3,4,6,7,8-heptachlorodibenzofuran; and
octachlorodibenzofuran.  Assuming that “non-detects” equal zero, the dioxin
concentration in the Mountain View landfill discharge was about 5.9 x 10-13 g/l TEQ.
With a discharge flow of about 24,000 gal/day, this concentration corresponds to a dioxin
load of about 1.2 x 10-10 lb/day TEQ.  When “non-detects” were taken to equal the
detection limits, the dioxin concentration was estimated to be about 6.2 x 10-12 g/l TEQ,
for a load of 1.3 x 10-9 lb/day TEQ.

Cogeneration Facility

The concentrations of the 17 dioxin congeners were measured with detection limits
ranging from 4.7 x 10-13 to 3.0 x 10-12 grams per liter.  Of the 17 congeners studied, only
1 was detected: octachlorodibenzo-p-dioxin.  Assuming that “non-detects” equal zero, the
dioxin concentration in the cogeneration facility discharge was about 1.7 x 10-14 g/l TEQ.
With a discharge flow of about 50 gal/day, this concentration corresponds to a dioxin load
of about 7.1 x 10-15 lb/day TEQ.  When “non-detects” were taken to equal the detection
limits, the dioxin concentration was estimated to be about 4.5 x 10-12 g/l TEQ or
1.9 x 10-12 lb/day TEQ.

Total Landfill Discharge Load

“Non-Detects” = Zero:
6.7 x 10-11  +  1.2 x 10-10  +  7.1 x 10-15  =  1.9 x 10-10 lb/day TEQ

“Non-Detects” = Detection Limits:
5.9 x 10-10  +  1.3 x 10-9  +  1.9 x 10-12  =  1.9 x 10-9 lb/day TEQ
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HAZARDOUS WASTE MANAGEMENT

The RWQCP collected one grab sample from Romic Environmental Technology
Corporation’s hazardous waste management facility in East Palo Alto.  The
concentrations of each of the 17 dioxin congeners of interest (those for which a TEF
exists) were measured with detection limits ranging from 7.2 x 10-13 to 3.3 x 10-12 grams
per liter, depending on the congener.  Of the 17 congeners studied, only 4 were detected:
1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin; octachlorodibenzo-p-dioxin; 1,2,3,4,6,7,8-
heptachlorodibenzofuran; and octachlorodibenzofuran.  Assuming that “non-detects”
equal zero, the dioxin concentration in the hazardous waste management discharge was
about 5.7 x 10-13 g/l TEQ.  With a discharge flow of about 20,000 gal/day, this
concentration corresponds to a dioxin load of about 9.5 x 10-11 lb/day TEQ.  When “non-
detects” were taken to equal the detection limits, the dioxin concentration was estimated
to be about 6.7 x 10-12 g/l TEQ or 1.1 x 10-9 lb/day TEQ.
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INDUSTRIAL USE OF METAL CHLORIDES

Estimated dioxin contamination in metal chlorides (Source:  Heindl and Hutzinger 1986):

Ferric Chloride (FeCl3) -- 0.162 ppb TEQ  =  1.6 x 10-10

Cupric Chloride (CuCl2) -- 0.00243 ppb TEQ  =  2.43 x 10-12

Aluminum Chloride (AlCl3) -- 0.035 ppb TEQ  =  3.5 x 10-11

Industrial use of metal chlorides in Mountain View (Source:  Leinweber 1997):

Ferric Chloride (FeCl3) -- 184 gal solution
Cupric Chloride (CuCl2) -- 780 gal solution
Aluminum Chloride (AlCl3) -- 10 lb

Assuming that the solutions contain 30% metal chloride
and that the density of the solutions is equal to the density of water,
dioxin TEQ at industries in Mountain View:

Ferric Chloride (FeCl3)

184 gal solution  x  3.785 l/gal  x  1,000 g/l  x  2.205 x 10-3 lb/g  x  0.3 FeCl3/solution  x
1.6 x 10-10 TEQ/FeCl3  =  7.4 x 10-8 lb TEQ

Cupric Chloride (CuCl2)

780 gal solution  x  3.785 l/gal  x  1,000 g/l  x  2.205 x 10-3 lb/g  x  0.3 CuCl2/solution  x
2.43 x 10-12 TEQ/CuCl2  =  4.7 x 10-9 lb TEQ

Aluminum Chloride (AlCl3)

10 lb AlCl3  x  3.5 x 10-11 TEQ/AlCl3  =  3.5 x 10-10 lb TEQ

Total TEQ in Mountain View Industries  =
7.4 x 10-8 lb TEQ  +  4.7 x 10-9 lb TEQ  +  3.5 x 10-10 lb TEQ  =  7.9 x 10-8 lb TEQ

Assuming that the entire RWQCP service area contains about twice as much of these
solutions as in Mountain View alone,
and that 10% is discharged to the RWQCP
(the rest goes to other media, as would be the case with FeCl3 used as flocculent),
and that the amount on site is a one month supply,
dioxin discharge to the RWQCP:

7.9 x 10-8 lb TEQ  x  2  x  0.1  ÷  30 days  =  5.3 x 10-10 lb/day TEQ

Notes:

The concentration data are based on a study completed in Germany.  Information is
reported for 4 congener groups:  heptachlorodibenzo-p-dioxin, octachlorodibenzo-p-
dioxin, heptachlorodibenzofuran, and octachlorodibenzofuran.  Congener-specific
information is not reported.  To estimate the TEQ, results for heptachlorodibenzo-p-
dioxin and heptachlorodibenzofuran were multiplied by the TEFs for 1,2,3,4,6,7,8-
heptachlorodibenzo-p-dioxin and 1,2,3,4,6,7,8-heptachlorodibenzofuran.  “Non-detects”
were taken to equal zero; the detection limit for all congeners was 20 ppt.
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LIQUID BLEACH

Dioxin concentration in liquid chlorine bleach  =  3.9 x 10-12 grams TEQ/liter bleach
(Source:  Rappe et al. 1990)

Average consumption of liquid bleach  =  12.05 g/person/day
(Source:  CCSF 1991)

Palo Alto RWQCP service area population  =  236,200
(Source:  ABAG 1995)

12.05 g/person/day  x  236,200 persons  x  3.9 x 10-12 grams TEQ/liter bleach
x  2.205 x 10-3 lb/g  x  0.001 liters bleach/gram bleach  =  2.4 x 10-11 lb/day TEQ

Notes:

The concentration reported in the literature is 4.9 pg/l TEQ, but on the basis of the
published data for each congener, the correct value appears to be 3.9 pg/l TEQ.  The
result is based on 1 sample.  “Non-detects” were taken to equal zero; the detection limits
ranged from 0.2 to 20 pg/l, depending on the congener.  Of the 17 congeners for which
TEFs exist, 5 were detected.
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LIQUID SOAP

Dioxin concentration in liquid soap  =  447 x 10-12 grams TEQ/liter soap
(Source:  Rappe et al. 1990)

Average consumption of liquid soap  =  6.58 g/person/day
(Source:  CCSF 1991)

Palo Alto RWQCP service area population  =  236,200
(Source:  ABAG 1995)

6.58 g/person/day  x  236,200 persons  x  447 x 10-12 grams TEQ/liter soap
x  2.205 x 10-3 lb/g  x  0.001 liters soap/gram soap  =  1.5 x 10-9 lb/day TEQ

Notes:

The consumption rate of liquid soap is unknown, but it is assumed to be greater than the
consumption rate for liquid dish detergent (6.58 grams/person/day) or bath soap (3.25
grams/person/day) (CCSF 1991).  Therefore, this estimate may understate the possible
load.  The dioxin concentration in liquid soap is based on 1 sample.  “Non-detects” were
taken to equal zero; the detection limits ranged from 4 to 9 pg/l, depending on the
congener.  Of the 17 congeners for which TEFs exist, 9 were detected.
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