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Faclosed 4g Order No. 87-80,
Little Valley ash soil amendment site,

rescinding Cleanup and Abatement Order No. 86-43 for the
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site have resulted in no further threat of discharge at the north site,
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incorporated  Incorporation activities should commence st ence on this stockpﬂed

being
area. No further meterial should be stockpiled in this area.

I regret having to cancel cur meeting of Jime 2, hutIlookforwardtomeetingwlthyw

and Rod Shippey on June 15, at 2 o'clock.

Simerely,

8Susan 4. Warner

Associate Engineering Geologist
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California Regional Water Quality Control Board
North Coast Region

ORDER NO. 87-80
RECISION CF CLEANUP AND ABATEMENT ORDER NO. 8643
FOR

GEORGIA-PACIFIC CORPORATION
FORT BRAGG ASH SOIL AMENDMENT

Mendocino County

The California Regional Water Quality Control Beard, North Coast Region, (hereinafter the
Regional Board) finds that:

WHEREAS, Georgis-Pacific Corporation (hereinafter the discharger) was issued Cleasnup and
Abatement Order No. 86-43 on February 11, 1986, requiring that ash wastes be stabilized
and remedial clesnup activities be undertaken. -

WHERFAS, The Regional Board staff inspected the area on May 15, 1986, December 30, 1986,
and on May 19, 1987, and determined that appropriste corrective actions had been taken,
ash wastes were no longer discharging or threateming to discharge from the Little Valley

site.

THEREFORE, IT 1S HFRFBY ORDERED that pursuant to Water Code Section 13304, Order No.
8643 be rescinded.
. DRIGIN. -~ T'2NED HE

Benjamin D. Kor
Executive Officer

Ordered by

June 1, 1987
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TECHNTCAL BULLETIN NO. 525

ASSESSMENT OF HUMAN HEALTH RISKS RELATED TO EXPOSURE TO DIOXIN
FROM_LAND APPLICATION OF WASTEWATER SLUDGE IN MAINE

In late September 1985 it was announced in Maine that dioxin
(2,3,7,8 TCDD) in low part per trillion levels had been found in
some waste treatment sludges from the pulp and paper industry in
Maine. This is in contrast to the findings on samples of sludges
analyzed in 1983 by EPA as part of a jOlnt study supported by the
Paper Industry Information ©Office of Maine, the Maine Department
of Environmierital Protection (DEP) and the University of Maine.
The analysis of three different samples then showed non-detectable
levels at 85, 140 and 340 parts per trillion 2,3,7,8 TCDD.

As a result of the EPA findings of 1985, the Maine DEP held a
series of public hearings in early 1986 to consider alternatives
for managing the sludges used in land application in that state.
Regulations which established the allowable level of dioxins in
{a} sludges used in land application programs and (b) the soils to
which they are applied were subsequently developed.

During the course of developing the land application regula-
tions the Maine Paper Industry Information Office, Maine Wastewater
Control Association and National Council for Air and Stream Im-
provement contracted with Envirologic Data Inc. to assess any
potential risks to human health or impacts on the environment from
land application of wastewater sludges. These assessments were
presented orally at the hearings held by the Maine DEP.

The National Council then contracted with Envirologic Data to
organize the oral presentations on human health risks into a com-~
prehensive written report. This technical bulletin is the work
product of that effort and incorporates additional new published
literature and yet unpublished information collected since the
time of the hearings.

Shational Council ot the Paper industry or Air 2nd Streann improvemert, Inc. 1967
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The bulletin contents first deal briefly with human health
risk assessment and hazard identification. The bulk of the bul-
letin is devoted to exposure assessment, risk assessment, and the
conclusions. 1In presenting the exposure assessments the pathways
for movement of dioxin from land application of sludge through
bath direct contact and the food chain are identified. The risk
assessment then gives special attention to two population groups,
(a) the Maine farmer and/or his family who may be subject to a
different level of exposure in those situations where they depend
solely on food, meat and milk derived from animals grazed on sludge
amended fields and (b) the general population. The lowest accept-
able levels for dioxin in sludges or soils to which these sludges
were for Maine farmers who rely on milk and beef grown on sludge
amended lands.

The authors caution that the risk assessment approach used is
based on reasonably conservative parameters and over all the gual-
itative risk assessment estimates are conservative in light of the
evidence to support TCDD's action as a cancer promoter, a subject
covered in depth in NCASI Technical Bulletin No. 524. Finally,
based on the results of this risk analysis the authors conclude
that levels of TCDD even greater than those in Maine sludges may
be of little concern to public health.

1 B EA BN a Eam e e

Your comments and questions on this technical bulletin are
solicited and should be directed to me or Dr. Michael Sullivan,
Toxicology Program Manager, at the address or telephone number
above or to Mr. James J. McKeown at NCASI, Dept. Civil Engineering,
Tufts University, Medford, MA 02155 (telephone 617-381-3254).

Yours very truly,

@‘ nLQONDSQ e n

Russell 0. Blosser
Technical Director

ROB:mh
Attach.
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ASSESSMENT OF HUMAN HEALTH RISKS RELATED TO EXPOSURE TO DIOXIN
FROM LAND APPLICATION OF WASTEWATER SLUDGE IN MAINE

1.0 BACKGROUND AND INTRODUCTION

1.1 Background

The production of pulp and paper products utilizes several
standard manufacturing processes in which water is used as a medium
of transport, a cleaning agent, a solwvent or mixer, and as an agent
in the fiber-to-fiber bonding reaction during paper manufacture.
Throughout these processes, wastewaters are generated, recycled, and
eventually discharged to the mill's waste treatment plant.

The paper industry in Maine treats millions of gallons of waste
process water per day. Primary wastewater treatment is basically a
sedimentation process ut111z1ng physical and chemlcal processes., The
resultant product is called primary sludge.

Secondary treatment begins with the addition of nitrogen and
phosphorus to the wastewater after much of the fiber and other solids
have been removed in the primary clarification process (Watson and
Hoitink, 198%5). The added nitrogen and phosphorus support
microorganisms that utilize the organic matter in sludge as a carbon
source. This activity increases the microbial mass which is settled
out and in some processes is then known as activated sludge. After
dewaterlng, the material is called secondary sludge. Oftentlmes, the
primary and secondary sludges are combined and dewatered prlor to
disposal.

Land application of sludge as a low-cost fertilizer and soil
conditioner has been a valuable, accepted practice for a number of
years (EPA, 1984e). Sludge contains nutrients which are required for
plant growth -- namely nitrogen, phosphorus, potassium, calcium, and
minor trace elements. Sludge is high in organic matter which, when
added to the so0il, improves both its structure and water-holding
capacity. In addition, the fibrous nature of a paper mill sludge
retards runoff and erosion.

Trace chemical components in Maine paper mill sludges are well
within the environmental and health levels established by the U.S.
EPA for identifying nonhazardous wastes. The material contains no
detected pathogens and is very low in concentrations of heavy
metals. With the exception of copper, the metals found in paper mili
sludges are present at concentrations lower than the concentrations
of those metals in natural Maine soils (Resource Conservation
Service, 1987, Personal Communication; NCASI, 1984).
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. In the State of Maine, the treatment of paper mill and
municipally-derived wastewaters results in the production of over
1,000,000 cubic yards of sludge each year (Maine DEP, 1986a). Over
7% treatment plants dispose of their sludge through composting or
land application for agricultural use.” Without the approval to apply
these materials on agricultural lands, Maine's major commercial
landfills would be filled to capacity within one year, creating a
serious landfill shortage and disposal problem (Maine DEP, 1986a),

Recently, low levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) were detected in Maine sludges, ranging from the limit
of detection upwards to 51 parts per trillion (ppt) (Maine DEP,
1986b). Questions have been raised concerning the potential human
health risks and environmental impacts of low levels of 2,3,7,8-TCDD
in land-applied Maine sludges. This culminated in the Natural
Resources Council of Maine and other citizens petitioning the Maine
Board of Environmental Protection to establish a.standard limiting or
banning the land application of sludge containing dioxin.

Envirologic Data, Inc., a Portland, Maine based firm providing
specialized counsel in human health and environmental risk assessment
was contracted by the Maine Wastewater Control Association, the Maine
Paper Industry Information Office, and the National Council of the
Paper Industry for Air and Stream Improvement (NCASI), to assess any
potential risks to human health or impacts on the envirocnment £rom
exposure to dioxin in land-applied wastewater sludges. The risk
assessment results were presented orally at regulatory hearings
before the Department of Environmental Protection (PEP) of the Stakte
of Maine in the Spring of 1986.

The National Council of the Paper Industry for Air and Stream
Improvement, Inc., has subseguently contracted Envirologic Data to
produce a comprehensive written report of the human health risk
assessment presented before the Maine DEP. In the intervening time
since the initial presentations, Envirologic Data has reviewed
additional published literature as well as information available from
unpublished sources. As a result of this review, Envirologic Data
has refined its earlier analysis. The risk assessment presented in
this document contains these refinements and is the current
professional opinion of Envirologic Data, Inc. The present analysis
differs somewhat from the 1986 testimony and supercedes previous risk
estimates of Envirologic Data regarding land-applied wastewater

sludge in Maine.

1.2 I ion H 1th Risk men

Risk assessment is defined by the National Academy of Sciences
as the characterization of the probability of potentially adverse
health effects from human exposures to environmental hazards. Risk
has two major components -- hazard and exposure. A very potent
toxicant does not pose a health risk if there is no exposure.
Similarly, exposure to a chemical with no toxicity does not pose a
health risk. For 2,3,7,8-TCDD, the potential for carcinogenicity
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has been identified as the principal health concern. 1In this
analysis, Envirologic Data has characterized the upper-bound
incremental cancer risk, above the background risk, due to low-level
exposure to dioxin in landspread wastewater sludges. This same
analysis was used to develop "allowable" TCDD levels in so0il and

sludge.

When available data on humans are inadequate to predict
carcinogenic response, animal data are used to extrapolate to
low-level human exposure. This is the case with risk assessments of

TCDD.

Envirologic Data's approach to assessing the risks of low

levels of TCDD in sludges is outlined below:

1.

Review and evaluation of animal and human toxicity data
through review of major secondary sources and evaluation of
key primary sources.

Development of soil-loading models for predicting TCDD
concentrations in the so0il from repeated application of
wastewater sludges.

Development of exposure scenarios and modeling of exposure
parameters based on accepted agricultural practices, the
experience of a technical advisory committee composed of
agricultural experts and sludge utilization authorities,
the scientific literature, and personal contacts with
recognized authorities. Scenarios examined in the report
include:

o Maine consumer ingesting milk or beef from cattle
grazed on sludge-amended pastures;

0 Maine farmer ingesting milk or beef from cattle grazed
on sludge-amended pastures;

o Maine farmer consuming milk or beef from cattle fed
hay or silage corn grown on sludge-amended pastures;

o Maine farmer consuming corn grown on. sludge-amended
fields;

o] Maine farmer inhaling dust or in dermal contact with
soil from sludge-amended fields:

o Maine child ingesting soil from sludge-amended fields;
“and

o Maine child ingesting so0il from lawn establlshed with
compost,

Analysis of dose-response data from TCDD carcinogenicity
tests in laboratory animals leading to selection of
appropriate cancer potency figure and virtually safe dose
for analysis.

Integrat1on of exposure and dose- reponse data and analyses
to determine:

o] incremental cancer risks associated with each exposure
scenario according to the soil-loading models in which
sludge containing 50 ppt TCDD is applied annually
until mazimum loading on a given site is achieved; and
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o "allowable" soil and sludge TCDD levels associated
with each exposure scenario corresponding to levels of
"acceptable” incremental cancer risk of 1 x 10-6
(one in one million) and 1 x 102 (one in one
hundred thousand).

2.0 HAZARD IDENTIFICATION

This section contains a limited review of the extensive
literature database regarding potential health hazards of
2,3,7,8~TCDD to animals and humans.

2.1 Animal Health Effects

The toxicity of TCDD has been extensively examined in a number
of acute, subchronic, and chronic studies. TCDD is readily absorbed
through the gastrointestinal (GI) tract with absorption fractions
reportgd to range from 50 to 86% in feeding and gavage experiments
depending on the vehicle matrix (Fries and Marrow, 1975; Rose et al.,
1976; Piper et al,, 1973; Olson et al., 1980a). Soil-borne TCDD
typically is absorbed by the GI tract to a smaller extent.
Bicavailability percentages reported in the literature have ranged
from less than 1 to about 50% (Poiger and Schlatter, 1980; Lucier et
al.,, 1986; Umbreit et al., 1986b; Bonaccersi et al., 1984). The
variation in oral bicavailability figures reported in the literature
may be due to variations in the amount of soil and TCDD administered
to the test animals, level of organic matter in the soil, length of
. 8011-TCDD contact, presence of co-contaminants, and method for
calculating bioavailability (Paustenbach et al., 1986; Poiger and
Schlatter, 1980; Umbreit et al., 1986b; Lucier et al., 1988). TCDD
is rapidly distributed to tissues with a high lipid content and
typically is found localized in liver or adipose (fat) tissue,
depending on the species {(Gasiewicz et al., 1983). Excretion of TCDD
is slow, with the elimination half-life in animals reported to range
from about 10 days for the hamster {(Olson et al., 1980a) to about 1
year for the monkey (McNulty et al., 1982).

The acute toxicity of TCDD exhibits more than a thousandfold
range of response among different species. The acute LDgg in
guinea pigs is reported to be 0.6 ug/kg body weight (b.w.) compared
to a range of 1157 to 5051 uvg/kg b.w. in the hamster (Kociba and
Cabey, 1985). Symptoms of acute lethal poisoning include severe
weight loss and thymic atrophy (Kociba and Schwetz, 1982) with death
occcurring up to 45 days after exposure (Olson et al., 1980b).
Hepatic toxicity is a prominent component of TCDD toxicity in rats,
mice, and rabbits (Kociba and Schwetz, 1982). TCDD may cause an
acnegenic skin response in certain species (Kociba and Schwetz,
1982). TCDD has the potential to alter the immune response in
animals (Dean and Kimbrough, 1986).

TCDD is a potent inducer of microsomal enzymes including aryl
hydrocarbon hydroxylase (AHH), with considerable differences in
response from species to species (Kociba and Schwetz, 1982; Kimbrough
et al., 1984). Enzyme induction is a very sensitive, yet
" nonspecific, indicator of dioxin exposure. It is hypothesized that
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TCDD's mechanism of toxic action may consist of TCDD combining with a
receptor protein in the cell, which then enters the nucleus and
initiates enzyme induction leading to toxicity (Poland et al., 1983;
Kimbrough et al., 1984; Poland, 1986).

TCDD has induced teratogenic, fetotoxic, and other reproductive-
related effects in mice, rats, and monkeys (Kimbrough et al., 1984).
TCDD demonstrates a lack of mutagenic activity in the large majority
of tests (Shu et al., 1987).

TCDD is carcinogenic in rats and mice and induces a number of
different tumor types, although the liver is the primary target
tissue (Kociba et al., 1978; NTP, 1982). TCDD has been shown to be a
potent promoter of liver tumors in the rat (Pitot et al., 1980).

TCDD also has been shown to be a tumor promoter in the skin of
hairless mice (Poland et al., 1982). There is little evidence to
suggest that it acts as an initiator (Pitot et al., 1980; Poland et
al., 1982; Kimbrough et al., 1984; Poland, 1986). A more detailed
discussion of this issue is presented in Section 4.3.

2,2 Human Health Effects

. Although the health effects of TCDD in animals are
well-documented, the human health effects of TCDD are less well
defined. The data base on human exposure comes primarily from
occupational exposures and industrial accidents at TCDD levels much
greater than those typically encountered in the environment. Results
of many of these studies are complicated by the difficulty and
uncertainty in estimating exposures and by concomitant exposure to
other chemicals.

The half-life of TCDD in humans is not known precisely, but
Poiger and Schlatter (1985) have calculated a half-life of 4.95 years
based on a human volunteer study which demonstrates almost complete
‘absorption of TCDD f£rom the gut. Jones et al. (1986) cite the data
by Poiger and Schlatter (1985) as showing that the effective period
of retention is much longer than one year.

Chloracne is the most consistent effect and "hallmark® of TCDD
toxicity, and has been observed in cases of both acute and chronic
exposure to high levels (Suskind, 1985; Kociba and Schwetz, 1982).
Chloracne also can be caused by exposure to numerous other
chlorinated aromatic hydrocarbons (Kimbrough et al., 1984), but
2,3,7,8-TCDD appears to be the most potent chloracnegen (Suskind,
1985). A number of health effects, including porphyria cutanea tarda
{Bleiberg et al., 1964; Pazderova-Vejlupkova et al., 1981)
hyperpigmentation (Bleiberg et al., 1964), hirsutism (Bleiberg et
al., 1964), altered liver function (Pazderova-Vejlupkova et al.,
1981), and neurological problems (Singer et al., 1982;
Pazderova-Vejlupkova et al., 1981; Moses et al., 1984) have been
attributed to TCDD based on case histories or c¢linical surveys. In
most of these cases, exposure was to 2,4,5-T or chlorinated phenolis
contaminated with TCDD, thus making it difficult to determine which
chemical or whether the chemicals together procduced the specific
effects (Young et al., 1983). Suskind (1985) points out that
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sufficient exposure to TCDD can induce chloracne, but that systemic
effects such as peripheral neuritis and transient hepatic dysfunctien
have occurred only in association with and subsequent to chloracne.

A number of epidemiological studies have been conducted on
persons exposed to TCDD from industrial accidents, occupational
exposure, or herbicide spraying during the Vietnam War. Reviews of
the epidemiologic database can be found in AMA (1984), EPA (1986),
and NCASI (1987). Major findings of a few of the epidemiological
studies that have been conducted are briefly summarized below.

Studies of Herbicide Users
o Case-control studies of workers in Sweden exposed to

phenoxy herbicides or chlorophenols reported an increased
incidence of soft-tissue sarcomas and malignant lymphomas
{Hardell and Sandstrom, 1979; Eriksson et al., 1981,
Hardell et al,, 1981),

o ' Study of subcohorts of Swedish agricultural or fo:estry
workers showed no significantly increased relative risk of
soft tissue sarcoma when compared to Swedish men employed
in other industries, even though the agricultural and
forestry workers' exposure to phenoxy acids is assumed to
be greater than that of other occupational groups (Wiklund
and Holm, 198¢).

o New Zealand case-control study of soft-tissue sarcoma
reported to find no association with agricultural
activities or herbicide exposure (Smith et al.,, 1982b,
1983, as cited in Blair, 1986).

o New Zealand interview study reported to f£ind nonsignificant
excess of non-Hodgkin's lymphoma in persons potentially
exposed to phenoxyacetic acids and chlorophenols (Pearce et
al., 1886, as cited in Blair, 1986).

o NCI case-control study of agricultural use of herbicides in
Kansas reported to demonstrate association between use of
phenoxyacetic acid herbicides, specifically 2,4-D, and
non-Hodgkin's lymphoma. No association found with
soft-tissue sarcoma or Hodgkin's disease. 2,4-D does not
contain 2,3,7,8-TCDPD, but may contain other less toxic
congeners (Hoar et al., 1986).

Ts) New Zealand birth defects study reported to show no
suggestive evidence that 2,4,5-T adversely affected
pregnancy outcomes (Smith et al., 1982a, as cited in AMA,
1984).

f Vietnam V rans

o) New York State study reported to find no significant
" association between soft-~tissue sarcoma and Vietnam service
(Greenwald et al., 1984, as cited in AMA, 1984).
0 Air Force Ranch Hand study reported to show no relationship
between herbicide exposure and increased mortality or
adverse hegalth effects at this time (Wolfe et al., 1985).
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o CDC study reported to provide strong evidence that Vietnam
veterans are at no greater risk than others for siring
babies with serious structural birth defects, when all
‘types of birth defects are considered in the aggregate.
(Erickson et al., 1984).

o} Australian birth defects study reported to show no
association between exposure and adverse pregnancy outcome
and showed that risk of siring a malformed child was no
higher for Vietnam or non-Vietnam veterans compared to
other Australian males (Armstrong, 1983; Lipson, 1983:
Minister of Veteran Affairs, 1983; as cited in AMA, 1984).

W Ex

o Study of workers exposed during accident involving 2,4,5-T
manufacturing at Monsanto Chemical plant in Nitro, West
Virginia, reported to show no increased risk for overall
mortality, cardiovascular disease, hepatic disease, renal
disease, central or peripheral nerve problems, reproductive
problems, or birth defects among exposed and those who
developed chloracne {(Suskind, 1985).

o} Dow Chemical study of a cohort of 2,192 chemical workers
with potential occupational exposures to TCDD and/or other
higher chlorinated dioxins reported to show no increased
mortality or cancer mortality in exposed workers whose
exposure resulted in chloracne when compared to U.S. white
males (Cook et al,, 1986; Bond et al., 1986).

The only consistently demonstrated long-term health effect
related to TCDD exposure has been chloracne. The epidemiologic
evidence relating exposure to substances contaminated with TCDD and
cancer in humans has been termed contradictory (Blair, 1986). The

~cancer endpoints for which the strongest positive associations have

been reported include soft-tissue sarcoma (Hardell and Sandstrom,
1979; Eriksson et al., 1981) and malignant lymphoma (Hardell et al.,
1981). Other epidemiologic studies, however, have not confirmed the
positive associations between phenoxy herbicide or chlorophenol
exposure and soft-tissue sarcoma or malignant lymphoma shown in the
Swedish case~control studies (Wiklund and Holm, 1986; Smith et al.,
1982b, 1983, as cited in Blair, 1986; Pearce et al., 1986, -as cited
in Blair, 1986). It is not possible to conclude that herbicides or
chlorophenols containing TCDD cause cancer in humans based on the
results of the Swedish studies due to the lack of confirming evidence
from other epidemioclogic studies and the limitations associated with
these studies.

Several studies have reported on background levels of
2,3,7,8-TCDD in the adipose tissue of individuals with no known
exposure to TCDD (Graham et al., 1985; Patterson et al., 1986; Ryan
et al., 1985a,b; Schecter et al., 1985; Nygren et al., 1986). These
measurements suggest that exposure to 2,3,7,8-TCDD is widespread in
the populations tested; however, the data are variable with some
nondetectable levels. Mean background levels measured have been
reported to range from about 3 to 10 ppt (Ryan et al., 1%85a; Graham
et al,, 1985; Nygren et al., 1986; Patterson et al., 1986)., Sielken
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(1986a) found that evidence from North America suggests that
2,3,7,8-TCDD levels in human adipose tissue are log-normally
d:str1buted and are positively correlated with age. Sielken (1986a)
also notes that among the observed U.S. background TCDD levels in
adipose tissue, more than 10% were greater than 12 ppt.

TCDD levels in Vietnam veterans were reported to range from a
few ppt to as high as 99 ppt in fat, with a mean of 8.3 ppt (Hobson
et al,, 1983, as cited in Young and Cockerham, 1985). TCDD levels
measured in blood fat of Vietnam veterans exposed to Agent Orange
were reported to average 48 ppt (New York Times, 1986). Samples of
fat tissues from citizens of southern Vietnam believed to have been
exposed to Agent Orange contained levels of TCDD ranging from 4 to 79
ppt, with a mean of 23 ppt (Schecter et al., 1986). The biological
significance of dioxin levels measured in fat tissues in both
unexposed and exposed individuals is not known at this time.

3.0 EXPOSURE ASSESSMENT

3.1 Identification of Potentially Exposed p QQQ.QL_QBE_Q_Q__Qutﬁﬁ_QH

Exposure

In this section, populations potentially exposed to TCDD in
landspread sludges are identified. Potential exposures may be
categorized into three principal population groups: (1) the Maine
farmer and family who use wastewater treatment plant sludges as soil
amendments and fertilizers on pasture or crop lands, (2) the Maine
consumer who ingests food produced on such farms, and (3) children in
the general population who may potentially ingest soil from lawns
established with compost generated from wastewater treatment plants.

As shown in Figure 3.,1.A, the maximum population on farms using
sludges is roughly estimated at about 900 people in 1986 (based on
265 sludge-spreading applications in Maine [Personal Communication,
K. Townsend, Maine DEP] and an average number of persons per U.S.
farm family of 3.3 in 1983 [U.S. Department of Commerce, 1984]). Not
all wastewater treatment plant sludges in Maine have been shown to
contain TCDD. Results of dioxin analyses in 1986 showed that 2 out
of 6 pulp and paper mill sludges and 8 of 11 POTW sludges tested
showed nondetectable levels of 2,3,7,8-TCDD (Maine DEP, 1986b).

- Therefore, the number of people actually residing on farms utilizing
TCDD-containing sludge, and thus potentially exposed to TCDD, would
likely be considerably less than the figure of 900. The total Maine
farm population and total general population are shown in Figqure

3.1.A for comparison.

Potential routes of exposure to TCDD in landspread sludges
include ingestion, skin contact, and inhalation. Due to its
lipophilic properties, TCDD may accumulate in milk and beef fat.

This report examines exposure to Maine farmers who consume their own
milk or beef from cattle grazed on sludge-amended pastures or fed
silage hay or corn grown on sludge-amended fields. Potential
exposure to Maine consumers is also examined. This scenario is based
upon the possibility of farm sales of milk or beef, produced as
described above, to commercial markets. One other food pathway
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FIGURE 3.1.A. Maximum Estimated Population on
Sludge-Applied Farms Compared to

Maine Farm Population and Total

Maine Populationa

"\%; MAINE FARM
POPULATION -
(~14,000)

POPULATION ON
SLUDGE-APPLIED
FARMS c.

(~500)

TOTAL MAINE POPULATION
(~1.1 MILLION)

a. not drawn to scale

b. based on 1980 statistics

¢. estimate based on approximate number of
sludge-spreading farms inh 1986 and average
number of persons per farm family as of 1984
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is examined, exposure to Maine farmers consuming their own produce
that is grown on sludge-amended fields.

In addition to food exposure pathways, a farmer or his family
may be exposed directly to TCDD in landspread sludges through skin
contact, dust inhalation, or scil ingestion. For members of the
general population using compost for lawn establishment, soil
ingestion by children is identified as the route of primary concern.
Potentially exposed populations and corresponding- routes of exposure
are summarized in Table 3.1.A.

3.2 Soil Loading Models for Estimating Concentrations of TCDD

Models were developed by Envirologic Data to predict soil
concentrations of TCDD resulting from long-term land application of
wastewater sludges. Computer-based models were constructed to allow
for relatively easy manipulation of variables such as sludge
application rate, application frequency, and TCDD content of sludge.

Two different methodolagies exist for sludge application:
topdressing and soil incorporation. In this analysis, sludge is
considered to be topdressed on pastureland and hay fields and -
incorporated into corn fields. For the direct contact exposure
scenarios (skin contact, dust inhalation, soil ingestion), sludge is
assumed to be topdressed because it results in a worse-case analysis
than soil incorporation. Key parameters in the topdressing and soil
incorporation scenarios are described in Table 3.2,A. Annual
application rates were based on typical sludge utilization rates in
Maine, Relatively low concentrations of copper in sludge from a
representative municipal treatment plant in Maine resulted in a
lifetime permissible sludge loading of about 450 dry tons/acre, based
on a copper limit of 500 kg/hectare {(Maine DEP, 1985). This maximum
permissible sludge loading limit of 450 dry tons/acre is used
-throughout this analysis. Based on this limit, for the topdressing
methodology, sludge is applied at the rate of 10 dry tons/acre-year
for 45 years. For soil incorporation, sludge is applied at 20 dry
tons/acre-year for 22 years of application.

The model assumes that all TCDD applied remains within the top
l1-inch layer of soil for years in which sludge is topdressed (with no
incorporation), and that TCDD concentrations are uniform in that
layer. For years in which soil incorporation occurs, all TCDD is
assumed to remain within the top é6~-inch layer of s¢il, and TCDD
concentrations are assumed to be homogeneous in the 6-inch layer.

The model also calculates TCDD loss from soil using a half-life
for TCDD of 10 years. The contribution of volatilization and
microbial degradation to half-life remains somewhat unclear (Young,
1983). Young (1983) suggests that the half-life for TCDD in soil
might be about 10 to 12 years, but Fries (1987) points out that it is
probably shorter at the surface where losses by volatilization can
occur. Envirologic Data selected a 10-year figure for this analysis.
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Figure 3.2.A illustrates the TCDD soil lcading models for both
application methodologies at a hypothetical level of 50 ppt TCDD in
the applied sludge. In the so0il incorporation model, the soil TCDD
concentration increases in a stepwise function until the cumulative
loading limit is met, then decreases at a rate determined by the

‘half-life. 1In the topdressing model, the soil TCDD concentration in

the top inch increases until the sizxth year of application, at which
time the top 6 inches of soil are turned over and mixed as part of

‘conventional agricultural practice, thus causing a dilution effect.

With each 6-year cycle, the TCDD concentration at the base of the
spikes gradually increases until the cumulative sludge loading limit
is reached. As with soil incorporation, the TCDD concentration then
decreases at a rate determined by half-life. Table 3.2.B presents
the 70-year and b-year average soil concentrations estimated by the
soil loading models for sludge containing 50 ppt TCDD. These figures
are used to calculate 70-year lifetime exposures and associated
potential cancer risks from landspread sludges containing 50 ppt
TCDD. The soil loading models are used in reverse fashion to
determine the levels of TCDD in sludge that correspond to the
allowable soil TCDD levels determined in the risk assessment.

One exposure scenario does not rely upon either the topdressing
or soil incorporation TCDD loading model. 1In this situation, a lawn
is established through the use of a one-time application of compost
containing sludge as a primary constituent. The compost is then
mixed with soil or sand. The relationship between the initial sludge
TCDD level and the 5-year average soil TCDD level is determined by
the percent of sludge in compost, percent compost in soil, and TCDD
half-life. The 5-year average soil TCDD concentration from lawn
application using sludge containing 50 ppt TCDD is shown in Table

-3.2.8B.

3.3 Ex re M 1

In this section, models are developed for each exposure scenario
in order to estimate worst-case TCDD exposures. Exposure and
toxicological parameters are cutlined for each scenario, and key
points to the exposure assessment are discussed in detail. The text
is supplemented by summary tables which immediately follow the text
in which they are first mentioned.

Certain parameters, such as body weight or lifetime, are common
to more than one scenario. Body weights used for adults are 70 kg
(154 1b) and for children aged 2 to 6 are 17 kg (37 1lb) (ICRP, 1975;
EPA, 1984). With the exception of soil ingestion by children aged 2
to 6, all exposures are estimated to ocecur for a full lifetime of 70
years. This assumption is extremely protective, as it is highly
unlikely that one person would be born, grow up, live, and work for
70 years on a farm using landspread sludges containing TCDD.
Envirologic Data has used this approach to ensure that exposures
estimated in this report encompass all conceivable possibilities.
The effect of this and other conservative assumptions on the final
analysis are discussed in Section 4.5. Exposure scenarios are
described in the following sections. '
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Figure 3.2.a.
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Potentially Exposed Populations and Corresponding
Routes of Exposure

Maine

Population Route

Farmér
Consumer
Farmer
Farmer
Farmer
Consumer
Farmer
Farmer

Farmer
Farmer

Farmer

. Child

Residing On
Farm

Child

Exposure

Exposure Scenario.

Ingestion
Ingestion
Ingestion
Ingestion
ingestion
Ingestion
Ingestion
Ingestion

Ingestion
Skin Contact

Dust Inhalation

Ingestion

Ingestion

Milk from cows grazed on sludge-amended
pastures

Milk from cows grazed on sludge-amended
pastures

Milk from cows fed hay grown on
sludge-amended fields

Milk from cows fed silage corn
grown on sludge-amended fields

Beef from cattle grazed on
sludge-amended pastures

Beef from cattle grazed on.
sludge-amended pastures

Beef from cattle fed hay grown on
sludge-amended fields

Beef from cattle fed silage corn grown
on siudge-amended fields '

Corn grown on sludge-amended fields
S0il in sludge-amended fields

Dust generated from resuspension of soil
in sludge-amended fields

Ingestion of s0il from sludge-amended

fields

Ingestion of so0il from lawn established
with compost
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Table 3.2.A. Xey Parameters for Sludge Application Methodologies

Parameter

Topdressing

Soil Incorporation

Application Rate/
Duration

Plowing Frequency
Depth of Plow Zone

Uniform TCDD
Concentration

TCDD Concentration
Relevant to Exposures

10 tons/acre-~year for
45 years

Once every 6 years

6 inches

Top 1 inch of soil
70-year avg. for all
exposure scenarios

except 5-year avg. for
so0il ingestion

20 tons/acre-year for
22 years

Once every year

6 inches

Top 6 inches of seoil
For all exposure

scenarios except
T0-year avg.




,’Wj‘

"N S N O R En R =

=15

Table 3.2.B. S0il TCDD Concentrations Resulting From
Long-Term Application of Sliudges Containing
50 ppt TCDD, Averaged Over Exposure Period

TCDD Level in Soil {ppt}

__Topdressing Soil Incorporation Lawn Application®

7¢-year avg. 6.5 4.6

S-year avg.b 8.2 J— 8.8

a Single sludge application as part of compost.
b Represents average of first five years.
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3.3.1 Milk Consumption by Maijpne Farmer ~- Cows Grazed on Sludge-
Amended Pastures

An individual residing on a dairy farm and consuming milk from
cows that have been grazed on sludge-amended pastures may potentially
be exposed to TCDD in milk. TCDD is known to concentrate in fat
tissues, including milk fat. Exposure and toxicological parameters
for this scenario are detailed in Table 3.3.1.A.

Based on data from Jensen and Hummel (1982), steady-state milk
fat concentrations of TCDD are esftimated to be about 4 times that of
concentrations in feed. Dairy cows that are grazed ingest a certain
amount of so0il. Based upon data on New Zealand dairy cattle, soil
intake during warm-weather months is estimated to constitute about 3%
of total dry matter intake (Healy, 13%968). Since supplemental feeding
in Maine is expected to account for about 50% of total dry matter
intake, so0il consumption may be proportionately reduced, resulting in
a soil intake factor of about 1.5% of total dry matter intake. The
two factors described above can be combined to estimate a
bioconcentration factor from soil to milk fat of 0.06; that is, 1 ppt
of TCDD in soil would be expected to result in about 0.06 ppt TCDD in
milk fat. :

Fries (1987) points out that lactating dairy cows are rarely
pastured and supplemental feeding is almost always employed. While
. grazing of dairy cattle is not typical practice in Maine, dairy cows
that are grazed might be pastured for a maximum of up to about 2 or 3
months per year. At the beginning of the summer grazing period, the
TCDD level in milk fat is assumed to be essentlally zero. Several
weeks of exposure are necessary before a steady-state TCDD level will
be approached. Fries (1982) noted that the milk-fat concentrations
of similar compounds, PCBs, approached steady state in about 3
weeks. When grazing on sludge-amended pastures ceases at the end of
the 3-month period, the milk-fat TCDD level will decrease at a rate
corresponding to the elimination half-life of TCDD, reported to be
about 41 days by Jensen and Hummel {1982). 1In the following 9 months
with no additional TCDD exposure, the milk-fat TCDD level is expected
to decrease to less than 1% of the steady-state level reached during
the grazing period, based on calculations using the 41-day half-life
figure,

The farmer is assumed to consume milk for 365 days/year for 70
years. A milk consumption factor of 25% is applied to the farmer's
consumption. That is, 25% of all milk consumed in a year is assumed
to derive from cows grazing on sludge-amended fields where sludge
contains TCDD. Essentially, applicaton of this factor relates to the
milk consumed by the farmer during the 3-month grazing period. The
actual duration of a farmer's exposure might be somewhat longer than
the 3 months, if cows are actually grazed for a full 3 months, due to
lingering milk-fat TCDD levels following cessation of grazing.
However 3 months is used as an approximation assuming about 2 months
of exposure at steady-state TCDD levels and the equivalent of 1 month
steady-state exposure composed of lower TCDD levels achieved
pre~steady~state and post-exposure,
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Milk Conszumption by Maine Farmer,

Cows Grazed on Sludge-Amended Pastures ——
Exposure (Through Soil Ingestion by Grazed
Cows) and Toxicological Parameters#®

Parameter

Value

Explanation/Reference

Bioconcentration Factor
From Feed to Milk Fat

So0il Intake Factor

Biogoncentration Factor
From Scil to Milk Fat

4

1.5%

0.06

Based on Jensen and Hummel (1982)
data on TCDD levels in milk of
cows fed TCDD in commercial feed.
Data indicate an average BCF of
about 0.145 from feed to whole
milk for cows fed TCDD for about 2
to 3 weeks at levels of 15 to 500
ppt. Assuming an average fat
content of whole milk of 3.7%
{Maine Dept. of Agriculture, 1984)
aad that all TCDD in milk concen-
trates in milk fat, BCF from feed
to milk fat is calculated to be
about 4.

Soil intake of grazed dairy cows
expected to be about 1.5% of total
dry matter intake based primarily
on New Zealand study of soil
ingestion by dairy cows (Healy,
1968) described below. During
months of November through April
(warm-weather months in New
Zealand), soil ingestion for cows
from six farms averaged about 0.4
kg/day (0.9 lbsday). Total dry
matter intake estimated at about
12 kgs/day (27 1ibsday) over year.
Thus =o0il intake was about 3% of
total dry matter intake, Cows in
this study received no
supplemental feed and were grazed
entire year. 1In Maine,
supplemental feeding is expaected
to account for about 50% of dry
matter intake during the grazing
period. Therefore, soil intake
projected to be only about 1.5% of
total dry matter intake for Maine
dairy cows grazed in summer months.

Product of bioconcentration factor
from feed to milk fat and soil
intake factor. '
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Parameter ' Valueg

Explanation/Reference

Milk Fat Consuption Rate 11 g/day

(0.024 1b/day)

Bioavailability, Hwnan  100%
Consumption of Milk

Exposure Duration

70 yr
Milk Consumption 25%
Factor
Body Weight 70 kg
(154 1b}

3165 days/yr,

Based upon 305 g/day milk consumed
(about 1.3 cups/day) (U.S. avg.
per capita consumption in 1981
[Maine Dept. of Agric., 1984]) and
3.7% EFat (percentage of fat in all
milk produced in Maine in 1983
[Maine Dept. of Agric., 1984}).

100% used because laboratory
studies upon which TCDD cancer
potencies are based were feeding
and gavage studies (Kociba et al.,
1978; NTP, 1982). Since human
exposure route is feeding, no
adjustment is made for calculation
of carcinogenic risk.

Farmer assumed to consume milk
everyday for a lifetime

25% of all milk consume in & year
assumed to derive from cows
grazing on sludge-amended fields
where sludge contains TCDD.
Essentially relates to 3-month
summer grazing period.

Weight for adult male (ICRP, 1975).
Approximately 154 1b.

*Assume that all dioxin uptake is from soil ingestion; potential uptake
from grasses on pasture or silage grown on sludge not considered ia this

analysis.
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A worst-case situation would exist where cows are grazed only on
TCDD-containing sludge-applied pasture and a farmer drinks milk from
only these cows. For this analysis, a Maine farmer is estimated to
drink 1.3 cups of milk per day {(the U.S. per capita consumption in
1981) which contains 3.7% fat {the percentage of fat in all milk
produced in Maine in 1983) (Maine Department of Agriculture, 1984).
While an individual farmer might consume milk directly from cows
grazed on sludge-amended pastures, some farmers might consume no raw
milk, and purchase milk produced by cows grazed on non-sludge-amended
lands.

The amount of TCDD that is available for absorption depends on
the route of administration. In this case, a bioavailability of 100%
is used because the laboratory studies upon which the TCDD cancer
potencies are based were feeding and gavage studies (Kociba et al.,
1978; NTP, 1982). Since the human exposure route is through feeding
in this scenario, no adjustment is made for calculation of
carcinogenic risk.

3.3.2 Milk Consumption by Maine Consumer --_ Cows Grazed on
i e—-Amend P o

Maine consumers may potentially be exposed to very small amounts
of TCDD in milk produced from cows grazed on sludge-amended
pastures. However, this milk would constitute only an extremely
small percentage of the total milk consumed in Maine., Envirologic
Data estimates that, as a worst-case approach, approximately 1% of
total milk consumed in Maine might contain TCDD due to grazing of
cows on sludge-amended pasture. This figure is based on an estimate
of the number of dairy cows that might be grazed on TCDD-containing
sludge-amended pasture compared to the total number of dairy cows in
Maine. Further explanation is presented in Table 3.3.2.A. Of the
total milk sold during the year to commercial markets by farms where
cows are grazed on dioxin-contaminated sludge-~amended pastures, it is
assumed that about 25% of the milk is contaminated by TCDD at the
level predicted by the BCF. This figure essentially relates to milk
produced during the grazing periocd of 3 months. All other parameters
are identical to those modeled for the Maine farmer. _

3.3.3 Milk n ion Maine Farmer ——
rn Grown - i

An individual residing on a dairy farm and consuming milk from
cows fed hay or silage corn raised on TCDD-containing sludge-amended
fields may potentially be exposed to TCDD that has accumulated in the
milk, Exposure and toxicological parameters for the two scenarios
are identical and are described in Table 3.3.3.A. The only factor
distinguishing the two scenarios involves the sludge incorporation
?ethod, topdressing for hay fields and soil incorporation for corn

ields.

Small amounts of TCDD may be taken up from soil into plants and
be bioconcentrated into milk fat of dairy cows fed these plants. The
hay/silage corn uptake coefficient for TCDD from soil is
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Table 3.3.2.A. Milk Consumption by Maine Consumer, Cows
Grazed on Sludge-Amended Pastures —- Exposure
{Through So0il Ingestion by Grazad Cows) and
Toxicological Parameters®

Parameter Value

Explanation/Reference

Milk Consumption 1%
Proportionality Factor

Milk Marketing Factor  25%

Bioconcentration Factor 0.06
From Soil to Milk Fat

Factor to relate milk containing
TCDD produced by cows grazing on
sludge-applied pastures to total
milk supply available to

consumer. Approach used to
develop factor as follows:
approximately 265 sludge-spreading
applications in Maine as of
Spring, 1986. At most, agsune
about 50% or 132 might be dairy
farmers. Assume that about 10% of
these, or 13 farms, might actually
utilize TCDD-containing
sludge-applied pastureland for
grazing their dairy cattle, At an
average numbexr of cows per farm of
45 (57,000 milk cows/1266 farms,
total no, of milk cows relative to
total no. of farms selling dairy
products in 1282 [Maine Dept. of
Agric., 1984}), a total of about
585 milk cows might potentially be
grazed on pastures amended with
sludge containing TCDD. This
constitutes about 1% (585/57,000)
of the total number of milk cows
in the state. Therefore, ELD
estimates that, at worszt, about 1%
of total milk consumed in Malne
might contain TCDD due to grazing
of cows on sludge-amended pastures.

Of milk so0ld to commercial markets
by farms where cows are grazed on
sludge-amended pastures, assume
25% of such milk was contaminated
by TCDD at the level predicted by
the BCF, that is, was obtained
from cows during the grazing
period.

Product of bioconcentration factor
from feed to milk fat and soil
intake factor, as described in
Table 3.3.1.A.
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Table 3.3.2.A. Continued
Parameter Value Explanation/Reference
Milk Fat Consumption 11 gsday Same rationale as given in Table
Rate (0.024 1b/ 3.3.1.A. '

day)
Bicavailability Human 100% Same rationale as given in Table
Consumption of Milk 3.3.1.A.
Exposure Duration 365 days/yr Rationale similar to that given in

70 yr Table 3.3.1.A.
Body Weight 70 kg Weight for adult male (ICRP, 1975).

{154 1b)

*Assume that all dioxin uptake is from soil ingestion; potential uptake
from grasses in pasture or silage grown or sludge-amended fields not
considered in this analysis.
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Table 3.3.3.A. Milk Consumption by Maine Farmer, Cows
Fed Hay or Silage Corn Grown on Sludge-
Amended Fields -- Exposure (Through Hay
or Silage Corn Ingested by Dairy Cows)
and Toxicological Parametersw ‘

Parameter Value

Explanation/Reference

Bioconecentration Factor 4
From Feed to Milk Fat

Diet Composition Factor  25%

Hay/Silage Corn Uptake 0.1%
Coefficient for TCDD From
Seil

Milk Fat Consumption Rate 11 g/day
' {0.024 1h/day)

Bioavailability. Human 100%
Consumption of Milk

Exposure Duration 365 days/yr.
‘ 70 yr
Body Weight 70 kg
(154 1b)

Based on TCDD feeding study of cows
(Jensen and Hummel, 1982). Same
rationale as given in Table
3.3.1.A.

Based on percent coantribution of
hay or silage corn to total diet
estimated to be 50% (with
remainder from feed not
contaminated with TCDD) and
perceat of total hay or silage
corn grown on TCDD-~containing
sludge-amended fields estimated to
be 50%. Product of two factors
gives an overall factor of 25% as
that part of feed grown on
sludge-amended fields.

Figure of 0.1% selected to
represent uptake of TCDD into the
plant tissue relative to the soil
TCDD level, based on data from
several studies on mono-
cotyledonous plants, described in
text. !

Same rationale as given in Table
3.3.1.A.

Same rationale as given in Table
3.3.1.A.

Based on all milk consumed from own
farm, from cattle fed hay or
silage corn every day., for 70 yr.

Weight for adult male (ICRP, 1975).

*Assume dioxin uptake solely from cows
corn raised on sludge-amended fields.

ingesting hay or ingesting silage
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estimated to be about 0.1%, representing the potential uptake of TCDD
into plant tissue relative to the soil TCDD level. This uptake
coefficient is based on data from several studies of monocotyledenous
plants. Wipf et al. (1982) found a level of 8 ppt TCDD in corn
sheaths compared to 10,000 ppt in soil, one year following the Seveso
accident. Envirologic Data calculated a percent uptake of 0.08%
based upon their data. The authors noted that TCDD in the corn
sheaths may in fact have been due to contamination from local dust
rather than true uptake. In a controlled study, Facchetti et al.
(1985) found tissue levels in maize of 0.6 and 1.2 ppt at 75 days.,
corresponding to initial TCDD so0il levels of 478 and 752 ppt,
respectively. S0il consisted of Seveso-contaminated soil mixed with
Seveso-noncontaminated soil. Envirologic Data calculated percent
uptakes of 0.13 and 0.16% respectively, from these data. Fries
(1987) points out that uptake and translocation of TCDD in plants
used for animal feed is not a significant route for animal exposure.
Studies of other halogenated hydrocarbons have generally shown that
contamination of aerial parts of plants is principally from surface
contamination due to dust or redeposition of volatilized material
from the soil (Fries, 1987). PFries reports that work on PBBs shows
that surface contamination from dust gathered during harvest of
forage crops provides a negligible contribution to residues in
harvested feed with concentrations in feed of less than 1% of that in

soil.

At first inspection, 2 recént greenhouge Study {Sacchi et al.,

1986) seems to indicate that a larger plant uptake coefficient may be

more appropriate than the figure of 0.1% employed in this analysis.
Several shortcomings, however, are associated with the Sacchi et al.
{1986) study {(G.F. Fries; A.F. Yanders, 1986, Personal
Communications). First, the authors fail to report uptake values for
nontreated control plants {Fries, 1986). Sacchi et al. (1986)
indicate that some cross contamination occurred when plants grown in
soil containing 3,300 ppt TCDD were raised in close proximity to
plants grown in uncontaminated soil. There is no indication in the
description of the other experiments conducted by these authors
whether the treatments consisting of relatively high sc¢il TCDD
concentrations were physically located away from the treatments of
relatively low TCDD levels. Depending on how close the pots were to
one another, there may have been cross-contamination, which would
have exaggerated the uptake values for the plants grown in soils of
low TCDD concentration (Fries, 1988).

Secondly, the authors (Sacchi et al., 1986) report that varying
amounts of tritium-labeled TCDD were sprayed onto the soil.
Presumably, an organic solvent was used since TCDD is only very
slightly soluble in water. It is very likely that the solvent would
not rapidly evaporate, particularly if it were mixed with peat and
soil under the conditions of the study (Kimbrough, 1986). Trace
levels of solvent that remain in the s0il would make the TCDD much
more bioavailable for plant uptake and translocation than under
normal field conditions. This circumstance also provides a greater
opportunity for evaporation and subsequent adherence to the aerial
portion of the plants, thereby resulting in higher measured
concentrations ¢f TCDD in plant material.
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It was observed that the TCDD measured in the aerial plant parts
in the Sacchi et al. (1986) study did not increase in proportxon with
1ncrea51ng s0il concentrations of the contaminant. This is further
evidence in favor of the volatilization theory, as stated by
Facchetti et al. (1985), rather than true plant uptake and
translocation as concluded by Sacchi et al. (1986). In exposure
modeling and risk assessment, it is important to use data collected
under conditions that are most comparable to actual field
situations. This is particularly true with respect to estimating
plant uptake coefficients, as there may be more volatilization and
redeposition on plants in a confined atmosphere than in the field
where there is greater air movement (G.F. Fries, 1986, Personal
Communication).

It appears that Sacchi et al, (1986) were aware of the
possibility of volatilization and redeposition of TCDD into plant
tissue as a phenomenon that might confound their results. However,
they discount this mechanism as being responsible for the increased
levels of TCDD observed in the aerial portions of bean plants. Their
opinion is based on data reported for one experimental trial in which
plants were grown in hydroponic culture containing tritium-labeled
TCDD. As mentioned earlier, TCDD is only very slightly scluble in
water. Presumably the dioxin was dissclved in an organic sclvent
followed by the use of a solubilizing surfactant to disperse the
hydrophobic substance in the water-based nutrient solution. Under
these experimental conditions, the potential TCDD uptake and
translocation by plants would be greatly increased over field
conditions in which the dioxin is tightly bound to soils of high
organic content.

Finally, results based on studies using tritium-labeled TCDD can
be misleading because the tritium can be exchanged from one molecule’
to another (Fries, 1986; Yanders, 1986). The phenomenon of
chemiluminescence may produce spurious counts; thus, measurements of
radioactivity for detecting dioxin may bhe greatly inaccurate.
According to Fries (1986), the authors offer no indication that they
used procedures to minimize this potential problem. Without
background values from nontreated control samples, it is impossible
to determine if chemiluminescence occurred. If it did, the amount of
TCDD taken up by the plant would be overestimated and the error would
be reflected to the greatest extent in the samples of relatlvely low

concentration.

The TCDD bioconcentration factor from feed to milk fat is
estimated as 4 as described previcusly. Hay or silage corn are
estimated to constitute only about 50% of total feed, and only 50% of
the hay or corn is estimated to be grown on TCDD-containing
sludge-amended fields. The product of these two factors gives an
overall TCDD-contaminated diet composition factor of 25%.

The length of time that a farmer might consume milk from his own
farm from cattle fed hay or silage corn every day is estimated at 365
days/year for 70 years -- a full lifetime of exposure. This
assumption is extremely conservative, as it is highly unlikely that
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a farmer would feed cows hay or corn groﬁn on fields which are
amended with TCDD-containing sludge, and drink milk from these cows

all for a full 70 years.

3.3.4 Beef nsumption Maine Farmer —-- Ca raz n
Sludge-Amended Pastures '

. A farmer consuming beef from cattle grazed on TCDD-containing
sludge-amended fields may potentially be exposed to TCDD that has
bioconcentrated in beef fat as a result of cattle ingesting soil
through grazing. Details of the exposure and toxicological
parameters are given in Table 3.3.4.A. .

In Maine, beef production is not a major agricultural industry,
accounting for approximately 10% of all cattle in the State (Maine
Department of Agriculture, 1984)., The scenario addressed in this
report of cattle slaughtered for home consumption after having been
pastured for three months would likely be applicable mainly to cull
breeding or cull dairy cattle.

A biocconcentration factor £or TCDD of 4 from feed to heef fat
was found by Jensen et al. (1981) in cows fed 24 ppt of TCDD for 28
days. Soil intake is estimated to constitute only about 1.5% of
total dry matter intake in Maine, as described previously in Section
3.3.1. A bioconcentration factor for TCDD from soil to beef fat of
0.06 is calculated as the product of the twec factors described above.

Cattle are assumed to be grazed on sludge-amended fields for a
maximum O0f up to 3 months per year. Beef-fat residues tend to
reflect average dietary concentrations over long periods of intake
(Fries, 1982). Whereas milk-fat residues of PCBs may approach
steady-state in a matter of weeks, Fries (1982) noted that beef-fat
concentrations of an organic pesticide, heptachlor, took 280 days (40
weeks) to reach steady-state. Assuming TCDD exhibits similar
behavior, tissue residue of TCDD at the end of a 3-month grazing
period may not have reached a steady-state level. At the end of the
grazing period, exposure ceases and beef-fat levels will decrease at
a rate corresponding to the elimination half-life of TCDD in
beef-fat, calculated to be 115 days by Jensen et al. (198l1). Nine
months with no additional TCDD exposure would be expected to reduce
the TCDD residue to less than 15% of the level reached at the end of
the grazing period, based on calculations using the 115-day half-1life
fiqure. As mentioned above, the bioconcentration factor of 4 for
TCDD in feed to beef-fat was found by Jensen et al. (198l1l) at the end
of a 28-day exposure. Longer exposures were not used, therefore it
is unknown how closely this factor will approximate steady-state
conditions. For the purpose of this analysis, Envirologic Data
assumes that the BCF of 4 reasonably approximates the tissue residue
of TCDD near the end of the grazing period. While there is some
chance that cattle may accumulate somewhat higher levels following
several years of summer grazing, the relatively short period of
grazing (3 months maximum) compared to non-grazing (9 months) in
Maine means that residues will be substantially reduced during the
non-grazing period, and significant accumulation from year to year is
unlikely to be of concern.
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Table 3.3.4.A. Beef Consumption by Maine Farmer, Cattle
Grazed on Sludge-Amended Pasture -- Exposure
(Through Soil Ingestion by Grazed Cattle) and
Toxicological Parameters¥®

Paramater Value Explaration/Reference
Bioconcentration Factor 4 Based on Jensen et al. (1981) data
From Feed to Beef Fat on TCDD levels in fat of cows fed

TCDD in commercial feed, Data
indicate an awvg. BCF of about 4
from feed to beef fat for cows fed
24 ppt of TCDD for 28 days.

Soil Intake Factor 1.5% Soil intake expected to be about
1.5% of total dry matter intake
based on some rationale as given
in Table 3.3.1.A.

Bioconcentration Factor  0.06 Product of BCF from feed to beef
From Soil to Beef Fat fat and soil intake factor.

Beef Fat Consumption Rate 12.6 g/day Based upon 105 g/day (0.23 1b/day)
(0.028 1bs beef consumed, 12 percent fat

day)’ content (Kimbrough et al., 1984),
Bicavailability, 100% Same rationale as given in Table
Human Consumption of Besf 3.3.1.A.,
Ezxposure Duration 365 days/yr Farmer assumed to consume beef

every day for lifetime.

Beef Consumption Factor  25% ' 25% of total beef consumed in a
year assumed to derive from cattle
-slaughtered near end of 3-month
grazing period on sludge-amended
fields where sludge is
contaminated with dioxin.
Remainder from cattle not grazed
on sludge-amended fields, grazed
on sludge-amended fields where
sludge contains no dioxin, or
slaughtered at time with very low
tissue TCDD residues.

Body Weight - . 70 kg Weight for adult male (ICRP, 1975}.
{154 1b)

*Assume that all dioxin uptake is from soil ingestion! potential uptake
from grasses on pasture or silage grown on sludge not considered in this .

analysis.
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The beef fat consumption rate is estimated at 12.6 g/day (0 028
1b/day) based on eating a gquarter-pound of beef per day containing
about 12% fat (Kimbrough et al., 1984). An exposure period of 365
days/year for a full lifetime of 70 years is assumed for the farmer’'s
consumption of beef. A beef consumption factor of 25% is applied to
the farmer's consumption, that is, 25% of total beef consumed in a
year is assumed to derive from cattle slaughtered near the end of a
3-month grazing period on sludge-amended fields where sludge is
contaminated with dioxin. This is a conservative analysis in that
the cattle are assumed to be slaughtered at a time in which their fat
tissues would contain maximum levels of dioxin. If slaughtering
occurred a number of months after grazing ceased, dioxin levels in
the beef Ffat would be much reduced. The remaining 75% of beef
consumed comes from cattle either not grazed on sludge-amended
fields, or grazed on sludge-amended fields where sludge contains no
dioxin.

It is clear that a particular farmer's actual exposure would
depend on when the animal was slaughtered in relation to the grazing
period and how much of the beef consumed derives from animals grazed
on sludge-amended fields contaminated with TCDD.

3.3.5 Beef Consumption by Maine Copsumer -~ Cattle Grazed on
Sludge-Amended Pastures

~Maine consumers who buy beef from commercial markets that
purchase cattle grazed on sludge-amended fields have the potential
for exposure to TCDD, although at a much lower level than Maine
farmers. Envirologic Data estimates that, at worst, about 1.7% of
Maine-grown beef consumed in the state might derive from cattle
grazed on sludge-amended pastures. This figure is based on an
estimate of the number of beef cows that might be grazed on
sludge-amended pasture compared to the total number of beef cows in
the state. More detailed explanation is given in Table 3.3.5.A.

For this analysis, 25% of the total beef sold to commercial
markets by farms where cattle are grazed on sludge-amended pastures
is assumed to have been slaughtered near the end of the grazing
period, and it is assumed that the sludge contains TCDD.

Very little of the beef consumed in Maine actually is
Maine-grown, and of the Maine-grown beef it is estimated that only
about half might be marketed commercially, mainly for hamburger.
Envirologic Data estimates that about 2% of the total beef consumed
in Maine actually is produced in Maine. Details are given in Table
3.3.5.A,

The product of the factors described above acts as a
proportionality factor relating the farmer's potential exposure to
the consumer's potential exposure. Biocavailability, exposure
duration, and body weight are identical to the Maine farmer scenario.
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Beef Consumption by Maine Consumer, Cattle
Grazed on Sludge-Amended Pasture -- Exposure
{Through So0il Ingestion by Grazed Cattle) and
Toxicological Parameters®

Parameter

Value

Explanation/Reference

Maine~Grown Beef
Consumption Proportion-
ality Factor

Baaf Marketing Factor

Maine-grown vs.
Total Beef Consumption
Proportionality Factor

1.7%

25%

2%

Factor to relate beef containing
TCDD to total Maine beef supply.
Approach used to develop factor as
follows: 265 sludge-spreading
applications in Maine as of
Spring, 1986. Assume
conservatively that about 50%, or
132 farms, have beef cows. Assume
that about 25% of these or 33
farms, might actually utilize
pastureland amended with sludge
for grazing their heef cattle. At
an average number of cows per farm
of 7 (13,242 bheef cows/1i81l1l farms
in 1982 [Maine Dept. of Agric.,
19841), a total of about 231 beef

_cows might be grazed on

sludge-applied pastures. This

.constirutes akout 1.7%

(231/13,242) of the total number
of heef cows in the state.
Therefore, ELD conservatively
estimates that about 1.7% of
Maine-grown beef consumed in the
state might derive from cattle
grazed on sludge--amended pasture.

Of beef sold to commercial markets
hy farms where cattle are grazed
on sludge-amended pastures, assume
25% of such beef was actually
slaughtered near end of grazing
period and where sludge contains
TCDD.

Out of 100.2 million 1b/yr beef
consumed in Maine, 4.3 million
1b/yr was raised in Maine (Maine
Dept. of Agric., 1984). Assume
about 50% of that figure
represents commercial use for
hamburger., remainder home
slaughter and direct marketing to
consumer, 0,5 x 4.3 million 1lb/¥yT
= 2.15 million 1lb/yr. 2.15
million 1b/yr/100.2 million 1b/yr
= 0.02. ' '
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Table 3.3.5.A. Continued

Parameter Value

Explanation/Reference

Biaconcentration Factor 0.06
From So0il to Beef Fat

Beef Fat Consumption Rate 12.5 g/day

Assume that baeef imported into

Maine from cattle not grazed on
TCDD-containing sludge-applied

pasture.

_ Praoduct of BCF from feed to heef

fat and s50il intake factor, as
described in Table 3.3.4.A.

Same rationale as in Table 3,3.4.A.

(0.028 1b/day)

Bicavailability, Human 100%
Consumption of Beef

Exposure Duration ' 365 days/yr
70 yr

Body Weight 70 kg
{154 1b)

Same rationale as in Table 3.3.1.A.

Rationale similar to that given in
Table 3.3.4.A.

Weight for adult male (ICRP, 1975),

*Assume that all dioxin uptake is from soil ingestion by cattle:
potential uptake from grasses on pasture or silage grown on
sludge-amended fields not considered in this analysis,
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3.3.6 B mpti Main armer ~— Cattle F
rown on Sludge-2 Fields

TCDD bioconcentrated in beef fat of cattle fed hay or silage
corn grown on sludge-amended fields may be available for uptake by
Maine farmers consuming the beef. Exposure and toxicological
parameters are presented in Table 3.3.6.A. As in the similar milk
consumption scenarios, sludge is topdressed onto hay fields and is
incorporated into the soil of corn fields.

The bioconcentration factor from feed to beef fat of 4 and the
hay/silage corn TCDD uptake coefficient of 0.1% were described in
previous sections. Hay or silage corn are estimated to constitute
approximately 67% of the total feed, with the remainder from
supplemental feed. All of the hay or silage corn fed to cattle is
conservatively -assumed to be grown on TCDD-containing sludge-amended
fields; thus 67% of the total feed has the potential for
contamination.

Eprsure duration is assumed to be 365 days/year for 70 years;
that is, a farmer would eat beef from cattle fed hay or silage corn
every day for a full lifetime.

3.3.7 Cern Consumption by Maine Farmer

A farmer raising corn on sludge~amended fields may potentially
be exposed to small amounts of TCDD taken up by the corn. Parameters
upon which this scenario is based are listed in Table 3.3.7.A.
Limited information is available regarding uptake of TCDD into corn
kernels. Wipf et al. (1982) found no detectable traces of TCDD in
corn kernels from corn raised on TCDD-contaminated Seveso soil one
year following the explosion in Italy. From this study, Envirologic
Data has calculated that uptake would equal at worst about 0.008%,
based on the detection limit of 0.8 ppt TCDD in corn kernels relative
to 10,000 ppt TCDD in soil.

All corn consumed for the entire year is conservatively assumed
to be that raised on TCDD-containing sludge-—amended soil. The corn
consumption rate is estimated at 160 g/day (0.35 1lbrsday) for 78
days/vear based on the following rationale. For the farmer who grows
his own corn, it is assumed that he might consume 250 g/day (0.55
lbsday)} fresh corn for 30 days during the summer and 100 g/day (0.22
lb/day)} corn frozen from the garden, one day each week for the
remainder of the year. These figures give a weighted average
consumption rate of about 160 g/day (0.35 lbrsday) for 78 days/year,

3.3.8 Skin Contact by Maine Farmer

In this scenario, exposure is modeled for a Maine farmer who
experiences skin contact with soil to which TCDD-containing sludge
has been applied. Because of the greater potential for skin contact
with soil by children, this analysis includes as part of the farmer's
overall exposure that exposure specifically attributable to the
childhood years. (The farmer is assumed to have grown up on a farm
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Table 3.3.6.A. Beef Consumption by Maine Farmer, Cattle Fed
Hay or Silage Corn Grown on 5ludge-Amended Fields
-— Exposure (Through Hay or Silage Corn Ingested
by Beef Cattle) and Toxicological Parameters#®

Parameter Value

Explanation/Reference

Bioconcentration Factor 4
From Feed to Beef Fat

Hay/Silage Corn Intake 57%
Factor

Ray/Silage Corn Uptake 0.1%
Coefficient for TCDD From

Soil '

Beef Fat Consumption 12.6 gsday

Rate {0.028 1bs
: day)

Bicavailability, Human 100%
Consumption of Beef

Exposure Duration

70 yr

Body Weight 70 kg
(154 1b)

3165 days/yr,

TCDD levels in beef fat shown to be
4 times levels in diet (Jensen et
al., 1981). 8See also Table
3.3.4.12,

Hay or silage corn estimated to
constitute about 67% of total feed
with supplemental feed comprising
remainder of diet. 100% of hay
conservatively estimated to be
grown on siudge-applied fields.
Product of two factors gives an
intake factor of 67% as that part
of total feed growm on
sludge-amended fields.

Same rationale as given in Table
3.3.3.A.

Same ratjonale as given in Table
3.3.4.A. :

Same rationale as given in Table
3.3.1.A.

Based on all beef consumed from own
farm, from cattle fed hay or

silage corn every day, for 70 yr.

Weight for adult male (ICRP, 1975).

*Assume dioxin uptake solely from cattle ingesting hay or ingesting
silage corn raised on sludge-amended fields.
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Table 3,3.7.A. Corn Consumption by Maine Farmer —-
Bxpasure and Toxicolegical Parameters

Parameter Value Explanation/Reference
Carn Uptake Coefficient 0.008% - According to Wipf et al., (1982), no
for TCDD from Soil detectable traces of TCDD were

found ir corn kernels from corn
grown in contaminated zone one
year follewing accident at Seveso.
Italy. Therefore uptake was, at
worst, equal to detection limit of
0.8 ppt in corn/10,000 ppt in soil

or 0.008%,
Percent Corn Raised on 100% Worst-case analysis based on all
Sludge-Amended Soil corn for human consumption grown

on sludge-amended soil.

Consumption Rate 160 g/day 250 g/day (0.55 lb/day} fresh corn
' {0.35 1b/ for 30 days in summer and 100
day) g/day (0.22 1lbsday) frozen corn

once per week for remainder of the
year, (for 48 days). Weighted
avg, gives 158 g/day; round te 160
g/day (0.35 Ib/day).

Bioavailability 100% Same rationale as given in Table
’ 3.3‘1|Al- .

Exposure Duration 78 day/yr. Based upon eating corn every day

70 years for one month when fresh corm is

available, and once per week for
remajinder of year. All corn
consumed from own garden for full
70 years.

Body Weight 70 kg Weight of adult male (ICRP, 1975).
(154 1b)
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where TCDD-containing sludge was utilized as a so0il amendment.)
Exposure and toxicological parameters are summarized in Table 3.3.8.A.

The amount of soil that will accumulate on skin depends on the
exposed skin surface area, exposure duration, and soil contact rate.
Soil contact rate in turn depends on a number of factors including
soil type, soil moisture, daily activities, age, etc. A soil contact
rate of 1 mg soil/cm? surface area per day is used in this analysis
based on studies reported by EPA (1984a) of soil accumulation on
children’s hands. It is assumed that this figure also pertains to
other exposed areas of the body and that it applies to adults as well
as to children. Thus applied, this parameter is very conservative.

Exposed skin surface area for children 2 to 12 years ocld is
assumed to include both hands, legs, and feet; for 13 to 70 year
olds, exposed surface area is based on both hands and most of
forearms exposed (adapted from Hawley, 1985). Exposed surface areas
for all age groups are given in Table 2.3.8.B. The duration of
exposure i.e, how many days and years an individual might contact
scil on fields that have been amended with sludge, is estimated to be
20 days/s/year for 70 years, This figure is believed to be reasonable,
based partially on the minimum required sethack of 500 feet from farm
dwelllngs to sludge-amended fields. This setback would tend to
minimize the frequency with which a child might play and incur
significant skin contact on such fields. 2aAdditionally, only a
portion of the fields on a given farm are expected to be amended with
sludge containing TCDD. The exposure duration of 20 days/year for
significant skin contact with soil amended with sludge is believed to
be a reasonable estimate for the adult farmer as well. Exposed
surface area, exposure duration, and daily soil contact rate are used
to develop an estimate of lifetime soil accumulation as shown in
Table 3.3.8B.B.

Only about 1% of the TCDD in soil is estimated to be absorbed
through the skin, based on data by Poiger and Schlatter (1980). This
estimate may considerably overstate the bicavailability because
rodent skin often is more permeable than human skin, and
bioavailability in the Poiger and Schlatter study appears to decrease
with decreasing TCDD concentration (Paustenbach et al., 1986).

Wester and Maibach (1985) showed that human skin is less permeable to
a number of compounds than rat skin.

3.3.9 u Inhalation Maine Farmer

A farmer may potentially be exposed to TCDD through inhalation
of airborne dust resuspended from soil containing TCDD. This
scenario models exposure for the farmer who spends his entire life on
a farm on which TCDD-containing sludge is applied, thereby affording
the potential for exposure for 70 years. Exposure to TCDD from
landspread sludge is believed to occur principally through inhalation
of dust particles, Due to dilution in the outdoor environment,
exposure from inhaling contaminated soil is expected to be quite
small. Exposure from volatilization of TCDD from the soil is
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Table 3.3.8.A. Skin Contact by Maine Farmer ——
Exposure and Toxicelogical Parameters

Explanation/Reference

Parameter - ‘Value

Soil Contact Rate 1 mg/cm-
day

Expogsed Surface Area See Table
3.3.8.8

Exposure Duration 20 day/yr,
70 yr

Bicavailability 1%

Body Weight 70 kg

(154 1b)

Based on studies of soil accum-
ulation on childrean's hands
reported in EPA (1984).

For outdoor exposure, exposed
surface area for 2 to 12 yr olds
based on both hands, legs, and
feet exposed. For 13 to 70 yr
olds, based on both hands and most

- of forearms exposed (Adapted from
Hawley., 1985). .

Individual is assumed to spend 20
days/year in TCDD-contaminated
sludge-amended fields for 70 yr.

1% selected based oa data from
Poiger and Schlatter (1980): 0.05%
of lowest dose tested of TCDD in
soil paste applied dermally to
rats reached liver. As dose
increased, liver concentration
increased to 2.2%. Based on this
study., Kimbrough et al. (1984)
also selected 1% for dermal
absorption of TCDD.

Height for adult male (ICRP, 1975).
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Table 3.3.8.B. Calculation of Outdoor Lifetima
S0il Accumulation

Surface Daily Total
Expoged Surface Area Soil -Accum-
" Surface Area child: Exposure Contact lated
Area Child: 2 1/2 Durationf  Rate So0i1d
Age {cm2) Adulte yr old (days) (g/em?)  (qg)
1 - - - 0 - ¢
2, 3 21002 0,33 1 40 0.001 84
4, 5 2520b 0.41 1.2 40 c.001 101
6, 7 2940% 0.47 1.4 40 0.001 118
8, ¢ 31500 0,51 1.5 40 0.001 126
10 3360P 0.53 1.6 20 0.001 67
11 3780P 0.59 1.8 20 0.001 76
12 399qb 0.64 1.9 20 0.001 80
13, 14 ,1130°€ 0.67 - a0 0.001 46
15 1343¢ 0.79 - 20 0.001 27
16 1445¢ 0.85 - 20 0.001 29
17 1513¢ 0.89 - 20 0.001 30
18 1581¢ 0.93 - 20 -0.001 32
19 1615¢ 0.95 - 20 0.001 32
20-70 17004 1.00 - 1020 0.001 1734
Total 2582

aHawley, 1985: figure for both hands, legs. feet exposed for 2 1/2 yr

old.

bealcuiated using the 2100 cm? figure for 2 1/2 yr olds and multiplying
by relative surface area of child to 2 1/2 yr old.

CCalculated using the 1700 cm? figure for adults and multiplying by

surface area corraction.

dHawley 1985: figure for adults represents soiling of both hands, most of

forearms.

®From EPA (1984).

fkssume 20 days per year exposure to s0il outdoors.

9Product of: Exposed Surface Area x Exposure Duration x Soil Contact

Rate.
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believed to be a less significant route compared to resuspended dust -
and was not modeled in this analysis. EXposure and toxicological
parameters are summarized in Table 3.3.9.A.

Specific data regarding outdoor resuspended dust concentrations
generated by dgricultural operations were unavailable. As a
conservative approach, a figure of 150 ug/m3 is used to estimate
average ambient air particulate levels on those days in which an
individual is involved with significant dust-generating activities on
sludge-applied fields. This fiqure represents the maximum 24--hour
total suspended particulate (TSP) concentration, not to be exceeded
in the state of Maine, and is twice the National Ambient Air Quality
Standard (NAAQS) of 75 ugs/m3, While TSP levels generated by
farming activities may exceed this level for short periods, the
figure of 150 ug/m3 is believed to be a reasonably conservative
average for the working day. As an additional conservative
assumption, it is assumed that 100% of this TSP level is derived from
‘the local soil. Thus, the TCDD level in the air TSP is considered
equal to the TCDD level in the so0il.

Not all of the TCDD in the particles inspired is absorbed by the
body. It is assumed that 25% of inspired particles are exhaled, 25%
. are deposited in lower respiratory passages (of which half are
retained and half eliminated from the lungs and swallowed), and 50%
are deposited in upper respiratory passages and swallowed (EPA,
1984a; Paustenbach, 1985). Of those particles swallowed, about 20%
might be absorbed in the gastrointestinal tract. (This figure is
based on the bioavailability of TCDD absorbed onto soil particles
discussed in Section 3.3.10.) An overall biocavailability factor of
25% for inhalation is calculated from the above data.

3.23.10 Soil Ingestion by Chijld Resgiding on Maine Farm

Children potentially may ingest small amounts of soil from
agricultural fields amended with TCDD-containing sludge causing them
to be exposed to TCBD. Exposure and toxicological parameters are
described in Table 3.3.10.A. Children aged 2 to 6 are projected to
consume soil outdoors at a rate of 100 mg/day for 20 days/year.
While there is a degree of uncertainty concerning actual amounts of
s0il ingested by children, the figure of 100 mg/day appears to¢ be a
consensus estimate of much of the published literature (Paustenbach

et al,, 1986).

- Binding of TCDD to sludge particles reduces the potential
bicavailability of TCDD in the gastrointestinal tract compared to
TCDD in a solvent or food medium. Envirologic Data uses an estimate
of 20% biocavailability for TCDD on sludge particles. Experimental
data regarding biocavailability of soil-borne TCDD is discussed below.

Poiger and Schlatter (1980) dosed rats by gavage with soil that
had been in contact with TCDD for either 10 to 15 hours or 8 days
(doses ranging from 12.7 to 22.9 ng TCDD) and determined the percent
of administered dose remaining in the liver after 24 hours. For the
10 to 15-hour contact period, 24% of the administered dose was found
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Table 3.3.9.A. Dust Inhalation by Maine Farmer --
Exposura and Toxicological Aszumptions

Parameter

Vplua

Explanation/Reference

Total Suspended Parti-
culate (TSP) in OQutdoor
Alr

TCDD Level in Air

Respiratory Rate

Biocavailability

150 uq/m3

Calculated

Specific data regarding outdoor
rasugspended dust concentration
generated by agricultural
cperations were not available. A
figure of 150 ug/m was selected
as a conservative appreach to
estimating maximum average ambient
particulate levels during the days
an individual is involved with
dust-generating farming activities
on sludge-applied fields. This
figure represents the maximum
24~hour particulate matterx
concentration not to ba exceesded in
Maine, and is twice the National
Ambient Air Quality Standard of
75ug/m3. While particulate

levels generated by farming
activities may exceed this level
for short periods, it is believed
to be a reasonable figure to use
for the average of the 20-day
exposure period.

ICDD level in soil is conservatively

from TSP air assumed to be equal to TCDD level

lavel and
TCDD so0il
lavel

12 md/
10-hr day

25%

in air TSP. TICDD air level = TCOD
s0il level x TSP level in air (EPA,
1984).

Based upon 20 l/min., light activity
for 10 hours/day (ICRP, 1975).

Based on 100% particles inspired
{very conservative because not all
particles are inspired), 25%
exhaled, 50% deposited in upper
respiratory passages and swallowed
{(x 20% bioavailability of TCDD on
soil), 25% daposited in lower
regpiratory passages (of which
12.5% is retained, 12.5% eliminated
from lung and swallowed at 20%
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Parameter

Value

Explanation/Reference

Bicavailability (cont.)

Exposure Duration

Body Weight

1¢ hr/day.
20 days/yr,
70 yr

70 kg
{154 1b)

bioavailability). Results in 25%
bioavailability of inspired
soil-borne TCDD particles (EPA,
1984).

Represents period an individual
might be exposed to dust-generating
activities on TCDD-contaminated
sludge-applied fields.

Adult male (ICEP, 1975).
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Soil Ingestion by Child Residing on Maine Farm
-- Exposure and Toxicological Parameters#

Parameter

Value

Explanaticn/Reference

S0il Ingestion Rate

Exposure Duration

Bioavailability

Body Weight

100 mg/day

20 days/iyr.,
5 yr

20%

17T kg
(37 1b)

Outdoor estimate based on estimates
from Lepow et al. (1974, 1975),
Duggan and Willlams (1977), Hawley
(1985), van Wijnen et al. {(1986),
Clausing et al. (1986), Paustenbach
et al. (1986) ranging from 50 to
250 mg dirt ingested per day. 100
mg/day of soil ingested was
selected as reasonable estimate for
child of 2-6 years.

Child, aged 2 to §, estimated to
spend 20 days/yr playing on
TCDD-contaminated sludge-amended
farm fields.

Figure of 20% selected for
bicavailability of TCDD bound to
sludge or soil in the G.I. tract.
Figure may depend on soil bolua
size, TCDD level, soil type,
presence of co-contaminants, time
since TCDD application (Paustenbach
et al., 1986).

Avg. weight for 2 to 6 yr olds (EPA,
1984).

~*50il ingestion determined to be significant route for children aged 2 to

6. The exposure figure used to estimate incremental cancer risk is the
daily avg. exposure over the 5-yr period, then averaged over a lifetime of

70 years.
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in the liver. At an 8-hour contact period, 16% of the TCDD was found
in the liver.

_ McConnell et al. (1984) measured liver concentrations in guinea
pigs and rats and AHH induction in rats following ingestion of TCDD
- contaminated Missouri soil. A clear dose-response relationship was
observed between dose and guinea pig liver levels. At the highest
dose tested in rats (5.0 or 5.5 ug/kg TCDD) liver concentrations were
twice as high in rats fed TCDD in corn oil (40.8 ppb) compared to
rats given TCDD in contaminated soil (20.3 ppb) yet AHH induction was
similar between the two groups. McConnell et al. concluded that
absorption of TCDD in soil appears highly efficient in the guinea pig
and rat but did not calculate a bioavailability percentage.

Lucier et al. (1986) republished the rat data of McConnell et
al. (1984) and concluded that oral bioavailability of TCDD in soil
was approximately 50%. This estimate is based on liver levels at the
high dose, 5.0 or 5.5 ug/kg TCDD. Examination of the liver level
data at the next lower dose, 1 or 1.1 ug/kg TCDD, indicates a 25%
bicavailability based on liver levels of 7.6 ppb in rats fed TCDD in
corn oil as compared to 1.8 ppb in rats fed TCDD in Missouri soil.
These data suggest that biocavailability of 50il~TCDD was
dose-dependent in this study (Paustenbach et al., 1886).

Umbreit et al. (1986a) observed TCDD toxicity in guinea pigs and
AHH induction in rats following oral doses of Times Beach soil and
Newark manufacturing site soil. The results showed that both soils
induced similar levels of AHH activity in rats (at total doses of 10
or 40 ug/kg), yvet in guinea pigs (at 1 to 10 ug/kg) the Newark soil
produced much lower toxicity than did the Missouri soil. The authors
suggest that possible reasons for the differences in biocavailability
between the two so0ils (as indicated by toxicity difference) may be
related to different soil compositions. and presence of agqueous versus
waste 0il components (Umbreit et al., 1986a).

In another study, Umbreit et al. (1986b) measured liver-TCDD
concentrations in guinea pigs fed the same New Jersey manufacturing’
site so0oil and a New Jersey salvage yard soil at doses ranging from
0.32 to 12 ug/kg. Comparing the resulting liver levels to those in
the positive controls (uncontaminated soil spiked with TCDD in
acetone for 1 hour), Umbreit et al. calculated a bipavailability of
less than 0.5% for the manufacturing site soil and 21.3% for the
salvage yard soil. :

Bonaccorsi et al. (1984) studied the biocavailability of
TCDD-contaminated Seveso soil in rabbits. They compared liver
concentrations after oral doses of Seveso soil or a comparable dose
of TCDD in alcohol (doses ranged from 20 to 160 ng/day) and found the
absorption of Seveso soil-borne TCDD to be 68% lower than that of
solvent-borne TCDD at 80 ng/day. At the same dose, absorption of
lab-contaminated soil was found to be 44% lower than that of
solvent~-borne TCDD. Differences in uptake of TCDD from lab
contaminated soil relative to solvent appeared to be more evident at
higher doses of TCDD.
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Assuming the liver levels represent 70% of the body burden
(Fries and Marrow, 1975%), the EPA Exposure Assessment Group (1984a)
used the 8-day data from Poiger and Schlatter to calculate a total GI
tract absorption of 20 to 26%. KXimbrough et al. (1984) used a 30%
bicavailability figure in the CDC risk assessment based on data from
McConnell et al, (1984) and Poiger and Schlatter (1980). Lucier et
al, (1986) attributed a 25 to 50% bicavailability to the McConnell et
al, {1984) data, while Umbriet et al. (1386a,b) attributed an 85%
biocavailability to the same McConnell et al. (1984) data. Umbreit et
al., d4id not discuss how this figure was derived. Umbreit has since
indicated that the figure is too high and is currently reanalyzing
biocavailability calculations {(Personal Communication, 1987).

Paustenbach et al. (1986) concluded that 30% bicavailability of
TCDD in soil in the GI tract is likely to be an upper estimate and
that 10% bioavailability may be a more reasonable estimate given the
low concentrations of TCDD in the environment and the subsequent
small daily oral dose anticipated for many contaminated sites.

The variation in oral bioavailability figures reported in the
literature may be due to several factors. Investigators have '
examined biocavailability either using AHH inducticn for actual liver
concentrations of TCDD. The amount of soil or TCDD administered to
the test animals varies among studies. The organic content of the
soils and the length of TCDD contact with soil has differed markedly
from study to. study. ‘In addition, the presence of co-contaminants
may affect bicavailability. A bioavailability figure of 20% for use
in this analysis appears reasonable for TCDD in sludge given the high
organic content, relatively small quantities of soil ingested, and
low levels of TCDD in the sludge.

3.3.11 Soil Ingestion by Child From Yard -— Lawn Established
with Compost ‘

Wastewater treatment plant sludges may be used for compost that,
among other uses, can be mixed with sand or soil for residential lawn
establishment. This scenarioc models exposure to a child aged 2 to 6
who potentially may ingest soil from a lawn established with
compost. Modeling assumptions are listed in Table 3.3.11.A. It is
assumed that TCDD-contaminated sludge comprises 80% of compost and
that one part of compost is mixed with three parts of soil or sand,

So0il ingestion rate and biocavailability figures are identical to
those given in the previous section. Children are assumed to have
the potential for soil ingestion for 5 days/week for 26 weeks/year
(based on warm-weather months with days for inclement weather and
trips away from home subtracted ocut). Exposure duration is greater
for this scenario than for children ingesting soil from
sludge-amended farm fields. This is due to the much greater
potential for play in a yard immediately adjacent to the house
compared to farm fields some distance from the residence.




Table 3.3.11.A.
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Soil Ingestion by Child From Yard «. Lawn
Established with Composat®

Parameter

Value Explanation/Reference

% Sludge in Compost
% Compost in Soil

S0il Ingestion Rate

Bicavailability

Exposure Duration

Body Weight

80% Sludge assumed to comprise 80% of
. compost, by weight.

25% 1 part of compost mixed with 3
parts soil or sand.

100 mg/day  Same rationale as given in 3.3.10.A.

20% Same rationale asa given in Table
3.3.10.A.

5 day=/week, Child, aged 2 to 6; astimated to
26 weeks/yr, spend 5 days/week, 26 weeks/year

5 years playing in yard.
17 kg Avg. weight for 2 to 6 yr old,
(37 1ib} (EPA, 1984).

*S0il ingestion determined to be significant route for children aged 2 to
6., The exposure figure used to estimate incremental cancer risk is the
daily avg. exposure over the 5-.yr period, then averaged over a lifetime of

70 yrs.
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3.4 Ex' re Assessmen

Exposures corresponding to a level of 50 ppt TCDD in sludge are
calculated as lifetime average daily doses (LADDs), i.e. gdaily doses
averaged over a full lifetime of 70 years. The LADD is computed as
the product of TCDD soil concentration and a number of
exposure-specific variahles that rélate the TCDD level in soil to the
dose taken in by an individual. Derivation of average soil levels
and exposure variables was discussed in the previous sections, The
lifetime average daily doses corresponding to sludge containing 50
ppt TCDD are given in Table 3.4.A.

4.0 -RISK ASSESSMENT

4,1 Doge-Response Assessment

Data from actual research on human health effects of TCDD are
insufficient to allow for estimation of human risk from low-level
exposures. Information on human health hazards at low exposure
levels typically is limited. Therefore, information on the
relationship between animal health effects and the doses required to
elicit these effects is used to extrapoclate to human exposure.  This
section discusses the use of animal cancer bioassay data on TCDD to
extrapolate between dose and potential incidence of cancer in humans.

The EPA (1%85), Centers for Disease Control (CBC) (Kimbrough et
al., 1984), and the FDA (1983) have performed risk assessments of
TCDD, The EPA and CDC employed the multistage model of
carcinogenesis to extrapolate from high exposures of laboratory
animals to low~level human exposures. The FDA employed a linear
interpclation model. These models assume that ne threshold for
carcinogenesis exists, i.e. that any dose, no matter how small, will
result in some level of risk. The basic¢ purpose of these models is
to estimate the maximum possible linear slope (the 95% upper
confidence limit) of the dose-response curve in the low-dose range.
This estimated slope constitutes the cancer potency, also termed
g1* in the multistage model. The larger the value of the cancer
potency, the greater the potential to induce cancer.

Potency estimates for TCDD have been based on studies of
Sprague-Dawley rats fed TCDD in the diet at 0.001 to 0.1 ug/kg
b.w.-day (Kociba et al.,, 1978), Osborne-Mendel rats administered 0.01
to 0.5 ug/kg b.w.-week and B6C3F1l mice administered 0.01 to 0.5
(male) or 0.04 to 2.0 ugs/kg b.w.-week (female) TCDD by gavage (NTP,
1982).. Animals administered TCDD exhibited increased incidence of a
wide range of tumor types including those of the liver, subcutaneous
tissue, tongue, nasal turbinateshard palate, or lung, depending on
the particular study. '

Envirologic Data (ELD) reviewed and compared the agency
approaches to TCDD risk assessment. The cancer potency figure used
by the EPA, 1.56 x 10° {mg/kqg b.w.-day)“l, represents the
geometric mean of two pathologists' (Dr. Xociba and Dr. Squire)
reviews of the Kociba et al. (1978) data for female rats using pooled
tumor types, and is the most conservative TCDD potency figure of
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Table 3.4.A. Lifetime Average Daily Doses (LADDs) Corresponding
to Sludge Contairing 50 ppt TCDD

Exposure Scenario LADD -
(ma/kg b,w, ~-day}

3 n iogn
Maine Far.mer -- Cows Grazed 1.5 x 10-11
Maine Consumer -- Cows Grazed 1.5 x 1013
Maine Farmer -~ Cows Fed Hay 1.0 x 10-12 _—
Maine Farmer -- Cows Fed Silage Corn 7.2 x 10-13

e nsumption -
Maine Farmer -- Cattle Grazed ‘ 1.7 x 10-11
Maine Consumer -- Cattle Grazed 5.8 x 10-15
Maine Farmer -- Cattle Fed Hay 3.1 x 10-12 _ _
Maine Farmer -- Cattle Fed Silage Corn 2.2 x 10-12

rm s ion -
Maine Farmer 1.8 x 10-13

kin n a
Maine Farmer 9.2 x 10-14 .

Dust Inhalaktion

Maine Farmer 2.3 x 10-15 -
il In i
Maine Child Residing on Farm 3.3 x 10-14

Maine Child -- Lawn Established with Compost 2.6 x 10-13
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those estimated by the three agencies. It is derived from data on
the most sensitive combination of species, strain, and sex of
laboratory animals tested. EPA (1985) also estimated cancer
potencies based on the National Toxicology Program/National Cancer

- Institute studies but none were as conservative as that mentioned

above. All potency figures calculated for TCDD by EPA (1985) are
illustrated in bar chart form in Figure 4.1.A. The first two bars on
the left represent the data used to develop the EPA potency estimate.

The CDC did not report actual potency figures in their analysis,
rather they reported virtually safe doses (VSDs) for a range of
sensitivities (i.e., from the most sensitive species/strain/sex/tumor
type combination to the least sensitive species/strainssex/tumor type
combination) {(Kimbrough et al., 1984). ELD calculated the range of
cancer potencies corresponding to the V8Ds reported to be 7.0 x 102
to 3.6 x 104 (mg/kg b.w,-day)~1l.

In addition to the full range of potency figures calculated from
the CDC's VSD data, ELD alsoc calculated the CDC cancer potency figure
corresponding to the combination of the most sensitive tumor type in
the least sensitive species, strain, and sex of laboratory animal
tested. Specifically, this cancer potency figure was derived by
examining the CDC data on virtually safe doses for each of the six
subpopulations of laboratory animals tested, Sprague-Dawley female
and male rats, Osborne-Mendel female and male rats, and B6C3F1l female
and male mice. The lowest of the 95% lower confidence bounds for the
vSD for each cof the six subpopulations were compared (i.e., the most
conservative VSD in each group, therefore the most sensitive tumor
type). Of these, the highest VSD was associated with the B6C3Fl
female mouse data for lymphoma and leukemia (making
this species and sex the least sensitive). ELD calculated the cancer
potency figure associated with this VSD from the CDC analysis,
resulting in a potency of 1.8 x 103 (mgs/kg b.w.-day)~1l.

The FDA-used a cancer potency estimate of 1.75 x 104 {mg/kg
b.w.-day)“l based on the Kociba rat data to support advisory levels
for TCDD in Great Lakes fish: 50 ppt should not be consumed and 25
to 50 ppt should not be consumed more than twice a month (FDA, 1983;
Scheuplein, 1983). Previous to this analysis, the FDA had used a
no-observed-effect-level approach to support development of the
advisory levels (Cordle, 1983).

A comparison of the cancer potency figures developed by the
three agencies reveals considerable differences among the estimates.
The EPA potency figure exceeds the most conservative CDC figure by a
factor of 4 and exceeds the FDA figure by a factor of 9., These
particular potency fiqures were all derived from the female rat data
from the Kociba study. Discussion of some of the differences among
the analyses follows.

The FDA used only the Kociba histopathological diagnosis; EPA
used both the Kociba and Squire results in their analyses, while the
more conservative of the CDC figures is based on the Squire results
(EPA, 1984). EPA pocled tumor types, while CDC analyzed each tumor
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Froure 4.1.A SUMMARY OF U.S. EPA CANCER POTENCY FIGURES PRESENTED
IN 1985 HEALTH ASSESSMENT DOCUMENT
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type separately with the liver tumor analysis for female rats
comprising the most conservative analysis. Because almost all
animals with tumors of any type alsc had liver tumors, this
difference in approach between EPA and CDC has little impact on these
agencies' most conservative potency and VSD determinations. While
EPA and FDA used the administered dose in the model, CDC used the
liver TCDD concentration for female rats with liver tumors. EPA
adjusted for high early mortality in female rats while CDC and FDA
did not make this adjustment. Whereas EPA extrapolated from rat to
man using the assumption that dose per unit body surface area is an
equivalent dose between species, CDC and FDA assumed dose per unit
body weight (EPA, 1984).

The choice of animal-to-human extrapolation correction has a
large effect on the value of the human cancer potency figure. For
example, if the EPA had used the same methodology as the CDC and FDA,
the EPA cancer potency figure of 1.56 x 105 (mg/kg b. w.—dax)
would have been reduced by a factor of 5.4 giving 2.9 x 10%* {mg/kg
b. w.—day)“ , a figure similar to the more conservative CDC figure:.

In place of any one agency approach, Envirologic Data has used
the available data on TCDD cancer potency to develop its best
estimate of a réeasonably conservative figure for purpose of this risk
assessment., For comparative purposes, cancer potency figures for
TCDD used by the EPA, CDC, and FDA are shown in bar chart form in
Figure 4.1.B. ELD has derived a cancer potency figure for TCDD by
computing the geometric mean of the EPA figure, 1.56 x 10° (mg/kg
b.w.-day)~1l, (labeled as (A) on Figure 4.1.B) and the flgure
derived from the CDC data, 1.8 x 103 (mg/kg b.w.-day)~1, (labeled
as (C) on Figure 4.1.B). The figqure derived from the CDC corresponds
to the potency figure mentioned earlier based on female mouse data
for lymphoma and leukemia.

ELD's approach is summarized in Figure 4.1.C. The potency range
used to derive ELD s estimate for cancer potency of 1.7 x 104
(mgs/kg b.w.-day)~l (labeled (B) on Figure 4.1.B) represents a range
from the most sensitive species, straln, sex of laboratory animal
tested to the least sen51t1ve species, strain, sex tested in terms of
tumor development.

Cancer potency figures and corresponding VSbs for 2,3,7,8-TCDD
are summarized in Table 4.1.A, Virtually safe doses are shown
corresponding to levels of “acceptable" incremental cancer risk of 1
x 10~6 and 1 x 10~3. Examination of this table shows that ELD
estimates for VSDs at both risk levels fall within the broader range
of agency estimates.

Envirologic.Data believes that the cancer potency approach taken
in this report retains a high degree of conservatism through use of
the muitistage model, yet also begins to take into account
differential susceptibility to TCDD health effects between humans and
the more sensitive laboratory animal species., Few data are available
regarding differential susceptibility between species of laboratory
animal and humans. However, studies by Xligman and Rowe indicate
that humans are less sensitive to TCDD*'s chloracnegenic effects than
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Floure 4.1.B CANCER POTENCY FIGURES FOR 2,3.7,8-TCDD
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Figure 4.1.C. Approach to Selection of TCDD Cancer Potency

Cancer Pofency A

EPA-reported figure:
1.56 x 10° (mg/kg-day)-1

Combination of most sensitive
species, strain and sex
{(Sprague-Dawley rat, female)

Pooled tumor types
{(principally hepatocellular
tumers)

Cancer Potency C

o Derived from CDC analysis
(from VSD reported):
1.8 x 103 (mg/kg-day)-1

o Combination of least sensitive
species and sex (B6C3Fl mouse,
female)

¢ Most sensitive tumor type
{lymphoma/leukemia)

Cancey Potency B

o Geometric mean of A and C

o 1.7 x 10t (mg/kg—day)“1
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Table 4.1.A. Summary of Agency and ELD Cancer Potency
Figures and Corresponding Virtually Safe
Doses (VSbs) for 2,3,7,8-TCDD

"Acceptable™’ Cancer Potency vsh
Incremental (mg/kg b.w.-day)~} {fg/kg b.w.-day)
Cancer Risk A
EPA 1 x 10-6 1.56 x 105 6.4
1 x 10-5 Same 64
coc 1 x 10-6 3.6 x 10% to 7 x 10?2 28 to 1,400
1 x 10-5 Same 280 to 14,000
FDA 1 x 10-8 1.75 x 104 57
1x 10-5 Same 570
ELD 1 x 10-6 1.7 x 104 60
1 x 10-5 Szme 600

*All figures (cancer potencies or VSDs) calculated from agency data were
rounded to two significant figures, For EPA and FDA, VSDs at acceptable
cancer risks of 1 x 1076 and 1 x 10-% were calculated by ELD from

cancer potencies used by the two agencies. For CDC, cancer potencies were
calculated from VSDs. Equation for calculation: Acceptable Incremental
Cancer Risk = VSD x Cancer Potency.
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the rabbit ear (Rowe, 1980; Tschirley, 1986). Further evidence for
possible reduced susceptibility in humans comes from epidemiologic
data, discussed in Section 2.2. Although TCDD has clearly been shown
to be an animal carcinogen, there is little epidemiologic evidence
for TCDD-induced cancer in humans.

Further support for ELD's selection of a lower cancer potency
than the EPA figure is found in Sielken's (1987b) reanalysis of
TCDD's virtually safe dose. Sielken (1987b) shows that when the

-multistage model is fitted to the Kociba et al. (1978) data on rat

liver tumors, trade-offs inherent in curve fitting may lead to
questionable fits in the low-dose area. Fitted model tumor response
rates, compared to observed response rates, are too large at the
lowest nonzero experimental dose level and too small at the
intermediate dose level. Sielken shows that the presense or ahsence
of experimental data at the lowest experimental dose produces very
little effect on the shape of the fitted models and makes only a very
small change to the fitted model values for the VSD. Sielken
demonstrates that the Kociba et al. data show a saturation-like
phenomenon of the dose-response relationship at the highest dose
level, and notes that it is impossible for the multistage model to
portray both this phenomenon at the high doses and the observed
nonlinearity at the lowest dose levels. In the fitting process, the
lower dose behavior is essentially ignored while the relative
flatness at higher doses is depicted. Sielken (1987b) excludes the
highest dose level from the analysis and reevaluates the VSD (at a 1
x 10-6 risk level) for the probability of hepatocellular neoplastic
nodule or carcinoma in a female rat to be 140 pg/kg b.w.-day (140,000
fg/kg b.w.-day) in the diet. Sielken's analysis clearly shows that
results of mathematical modeling of the TCDD cancer bioassay data are
very sensitive to modeling assumptions and that the agency analyses
may considerably overestimate TCDD's cancer potency.

In addition to the factors mentioned above regarding the
possibility of differential susceptibility to TCDD toxic effects and
problems related to the mathematical modeling performed on the Kociba
et al. {1978) data, evidence showing that TCDD may act as a cancer
promoter rather than as an initiator suggests that the nonthreshold
approach used by regulatory agencies in the U.S. likely overestimates
potential carcinogenic risks. This argument is discussed further in
Section 4.3.

4.2 Risk Egtimation

Lifetime incremental cancer risks associated with the exposures
presented in Section 3.4 are calculated as follows:

Lifetime Incremental Cancer
Cancer Risk = Potency X LADD

This equation is a valid approximation of extra risk at low doses
(EPA, 1985). A cancer potency figure of 1.7 x 104 (mg/kg
b.w.-day)~' was used in the risk calculations as described in the
previous section. The results of the incremental risk calculations
corresponding to a level of 50 ppt TCDD in the sludge are shown in
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Table 4.2.A. Upper bounds of llfetlme incremental cancer risks range
from the highest risk of 3 x 10-7 for milk or beef consumption

(Maine Farmer -- cows grazed) to the lowest risk of 4 x 10-11 for
dust inhalation (Maine Farmer). The incremental cancer risks
calculated are based on 70-year lifetime exposures for all scenarios
except soil ingestion. Exposures of shorter duration would be
associated with lower risks.

In addition to estimating risks at a level of 50 ppt TCDD in the
sludge, Envirologic Data also performed a “"reverse® calculation
to estimate allowable 50il and sludge TCDD levels at specified
incremental cancer risk levels. Incremental cancer risk levels of 1
x 10-8% (one in one miilion) and 1 x 10-Y (one in one hundred
thousand) were selected for the analysis. Allowable sludge levels
were calculated from allowable socil levels using factors derived from
the sludge loadlng models. Allowable TCDD levels in soil and sludge
are presented in Table 4.2.B for the 1 x 10-6 and 1 x 10-°
incremental cancer risk levels,

For the direct grazing scenarios {(milk and beef consumption by
Maine farmers), allowable soil TCDD levels range from 22 to 250 ppt
for both incremental cancer risk levels. Corresponding allowable
sludge TCDD levels range from 170 to 2,000 ppt. Allowable so0il TCDD
levels for the consumer milk and beef scenarios show a range from
2,500 to 650,000 ppt, and corresponding sludge TCDD levels range from
20,000 to 5,100,000 ppt. For the nongrazing dairy and beef cattle
scenarios, allowable TCDD levels in the soil range from 120 to 3,700
ppt corresponding to sludge TCDD levels of 950 to 41,000 ppt.

In the case of corn consumption, levels of 1,500 to 15,000 ppt
in the soil are estimated corresponding to sludge TCDD levels of
16,000 to 160,000 ppt. For exposures through skin contact, dust
inhalation, or s0il ingestion, allowable soil TCDD levels range from
4,100 to 1,700,000 ppt with sludge levels of 32,000 to 13,000,000
ppt. Where compost is used in lawn application, allowable so0il TCDD
levels range from 2,000 to 20,000 ppt, corresponding to sludge TCDD
levels of 11,000 to 110,000 ppt.

Incremental lifetime cancer risk levels of 1 x 10-5 and 1 x
10-% were selected for use in this analysis because they bound the
range generally considered acceptable by state and federal regulatory
agencies. These risk levels represent the incremental or additional
risk over and above the background lifetime cancer risk of about
25%. That is, an individual has a risk of 25% or 0.25 of getting
cancer in his lifetime. An additional risk of 1 x 106~
would increase the individual's total risk of getting cancer to
25.0001% or 0.250001. The selection of an appropriate risk level for
a given analysis is a risk management decision. It is important for
risk managers to not only understand the concept of "“acceptable" risk
but, in addition, to understand the uncertainties and conservatism
inherent in the risk analysis. The latter points are discussed in

Section 4.5.

Identification of the region of acceptable risk to the general
population is made clearer by brief examination of EPA experience in
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Table 4.2.A. Lifetime Incremental Cancer Risks Corresponding
to Exposure to Sludge Containing 50 ppt TCDD

Exposure Scenario ' Lifetime Incremental
Cancer Risk

Milk Consumption

Maine Farmer -- Cows Grazed 3 x 10-7

Maine Consumer -- Cows Grazed 3 x 1079
' Maine Farmer -- Cows Fed Hay 2 x 10-8

Maine Farmer -- Cows Fed Silage Corn 7 1 x 10-8

B fn ign

Maine Farmer -- Cattle Grazed 3 x 10-7

Maine Consumer -- Cattle Grazed ' 1 x 10-10

Maine farmer -— Cattle Fed Hay 5 x 1p-8

Maine Farmer -- Cattle Fed $ilage Corn 4 x 108

rn ns i

Maine Farmer 3 x 1079

Skin Contact

Maine Farmer 2 x 10-9

Dust Inhalation

Maine Farmer 4 x 10-11
il In ion

Maine Child Residing on Farm 6 x 10-10

Maine Child -- Lawn Established with Compost’ 4 x 10-9




Table 4.2.B. Allowable Averéqe ICDD Levels in Soil and Sludge Corresponding
to Lifetime Incremental Cancer Risks of 1 x 10~> and 1 x 10-0

Allowable Average TCDD Levels {(ppt)

1 x 10=3 1 x 10=8
Exposure Scenario Soild Sludgeb So0ild SludgeP
Milk Consumption
‘Maine Farmer -- Cows Grazed 250 2,000 25 200
Maine Consumer -- Cows Grazed 25,000 200,000 2,500 20,000
Maine Farmer -- Cows Fed Hay 3,700 29,000 370 2,900
Maine Farmer -- Cows Fed Silage Corn 3,700 41,000 ' 370 | 4,100
f_Con ion
Maine Farmer -- Cows Grazed 220 1,700 22 170
Maine Consumer -- Cows Grazed 650,000 | 5,100,000 65,0600 _ "510,000
Maine Farmer -- Cows Fed Hay 1,200 9,500 120 950
Maine Farmer -- Cows Fed Silage Corn 1,200 13,000 120 1,300
T n i
Maine Farmer | 15,0600 160,000 1,500 16,000
kin Conta N

Maine Farmer 41,000 320,000 4,100 32,000

- ¥5



Table 4.2.B. Continued

Allowable Average TCDD Levels {(ppt)
1 x 10=8 ix 10=0

Exposure Scenario Soil? 51udgeP Soil2 " SludgeDl
Dust Inhalation
Maine Farmer 1,700,000 13,000,000 179,000 ‘ 1,300,000
Soil Ipgestion
Maine Child Residing on Farm 130,000 786,000 13,000 78,000
Maine Child -- Lawn Established with Compost = 20,000 110,000 2,000 ‘ 11,000

- g5

a. All soil TCDD levels represent 70-yr average except for soil ingestion which are 5-yr averages.

b. For exposure scenarios based on topdressing, sludge TCDD levels represent 45-yr averages. For scenarios based on
soil incorporation, sludge TCDD levels represent 22-yr averages. For the compost scenario, sludge applied only
once as an ingredient of compost,
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assessing significance of risks and review of statistics on risks of
commonplace activities. In proposed regulatory action on National
Emissions Standards for Hazardous Air Pollutants (NESHAPs), EPA
(1984) found maximum individual lifetime risks and total population
risks from a number of benzene and radionuclide sources to be too low
to properly be described as significant, and therefore withdrew the
proposed regulations. For example, benzene emissions from maleic
anhydride process vents were found to create maximum individual risks
of 7.6 in 100,000 and an aggregate cancer incidence of 0.02% cancers
per year (EPA, 1984c; Wrenn, 1986). Radiocnuclides from Department of
Energy facilities would produce maximum individual risks, from
lifetime exposure to a plant's most concentrated emissions, of 1 to 8
in 10,000 and an aggregate cancer incidence of 0.08 cancer per year
(EPA, 1984d; Wrenn, 1986). Based on these data, Wrenn (1986) points
out that account must be taken of the fact that average individual
risk would be well below maximum risk. He notes that 1 in 100,000
appears to be a good rough indicator of the level that EPA has
considered to be insignificant average risk, at least in situations
such as the benzene and radionuclide sources described above, in
which aggregate population risk is not greater than a fraction of a
cancer per year,

The incremental risk level for the scenarios addressed in this
report are estimated risks based on the modeling parameters
described. These hypothetical risk levels are different from the
real risks of everyday human activities that have been computed from
actual statistics on death from different causes.

All activities involve some risk, whether it be voluntary such
as the risk incurred by smoking cigarettes, or involuntary such as
the risk from being struck by lightning. Risks of some selected
activities are shown in Table 4.2.C. It is evident that annual risks
from many activities greatly exceed the level of one in 100,000 or
one in 1,000,000, Lifetime risks of death would be even greater.
Yet, some of these risks are voluntarily incurred and not avoided.

Clearly, an insignificant lifetime risk range of one in- 100,000
to one in 1,000,000 is well supported for exposures to the general
population. This range appears to be suitable and also conservative
when applied to the small number of persons in the State of Maine
with potential exposure to TCDD from land application of sludge.

4.3 Application of the Multi Model in Ligh
T i i

The risk estimates made with the multistage model are generally
regarded as conservative in that they represent the upper limit for
the risk; i.e. the true risk is not likely to be higher than the
estimate, but it could be lower. 1In addition to the conservatism
inherent in this model, there is evidence suggesting that the
multistage model does not adequately address the mechanism by which
TCDD induces carcinogenic effects.

Carcinogens may be roughly divided into two categories,
~initiators and promoters. An initiator, if not already
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Table 4.2.C. C(Comparison of Risks From Selected
Activities on a Per Capita Basis

Activitcy Average Annual Per Capita
Risk of Mortality

Smoking (cancer only) 1 x 10~3

(all effects) 3 x 10~3
Scuba Diving 4 x 10~%
Motor Vehicle Accident 2 x 10-4
Boating 5 x 10-5
Hunting 3 x 105
Swimming. 3 x 105
Lightning | 5 x 10~7

*From Crouch and Wilson (1982).
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electrophilic, undergoes metabolic transformation to an electrophile
and reacts covalently with DNA (Williams and Weishurger, 1986). Once
a cell is initiated, it incorporates a critical amount of DNA damage
into its replicating genome, which may be locked into the cell for as
long as the cell line continues to reproduce. A promoter acts to
increase the tumorigenic response to an initiator when applied after
the carcinogen (Williams and Weisburger, .1986). Promoters require
prolonged and repeated exposure or persistence in the body before
tumor formation in animals, whereas for tumor initiators, short-term
exposure may cause tumors {(Shu et al., 1987). While tumor initiation
is regarded as an irreversible event, tumor promotion may be
reversible upon removal of the promoter, when the tumor has not
progressed to an advanced state (Shu et al., 1987).

TCDD has been shown to be nonmutagenic based on the .
preponderance of data from bacterial mitagenesis tests and has been
shown to bind to DNA at 3 to 4 orders of magnitude less than chemical
initiators (8Shu et al,, 1987), indicating that it is not genotoxic,
i.e. it does not interact directly with DNA. Pitot et al. (1980) and
Poland et al. (1982) have demonstrated TCDD's tumor promoting
activity. Many promoters, including TCDD, affect cellular growth and
differentiation, and alter a number of cell membrane properties
(Weinstein, 1984). Tumor promoters, in contrast to initiating and
genotoxic carcinogens, may display a threshold in their dose response
{(Williams and Weisburger, 1986). If this is true for TCDD, the
multistage model, which assumes a linear nonthreshold response, will
overaestimate the incremental cancer risk associated with TCDD

exposure.

Buthorities on TCDD risk assessment have raised the issue of the
appropriateness of the use of the multistage model, given that TCDD
acts as a promoter, 1In the CDC's risk assessment of TCDD in
tesidential soil {(Kimbrough et al., 1984), the authors note that the
dose-response curve for promoters may not be linear, thus resulting
in an overestimate of the risk. They also state, however, that =
scientific data base that would allow the use of less conservative
models did not exist.

In a recent paper, Shu et al. (1987) reexamines the scientific
literature on bacteria and animals related to TCDD carcinogenesis.
The authors show that the mechanism data on TCDD strongly support the
thesis that tumor development is hased on a promotional mechanism and
not on initiation. Thus, they believe that risk estimates at low :
doses using currently formulated linear low-dose extrapolation models
are not supported by the scientific evidence on initiation. The
authors conclude that alternate means of evaluating TCDD risk should
be investigated.

Kolbye (1983) notes that linear extrapolation may be appropriate
for electrophilic, highly genotoxic compounds, but that it has little
meaning for secondary carcinogens, including TCDD. As mentioned in
Paustenbach et al. (1986), Weisburger and Williams (1981) have
pointed out the importance of distinguishing between whether or not a
substance acts through a genotoxic or non-genotoxic mechanism: "the
action of epigenetic agents of the promoter class is highly dose-
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dependent and reversible, and thus, a distinctly different risk
analysis is required to take account of their quantitatively lesser
hazard."

Recent opinion of the Dioxin Update Committee (1986), convened
by the EPA, is instructive concerning TCDD's mechanism of toxicity:

“There is no evidence that TCDD or its metabolites alter the
structure of DNA, but TCDD is carcinogenic in at least two
rodent species. It acts as a potent promoting agent in at least
two different tissues in two different species, but there is no
evidence for initiation activity in any species.”

Also pertinent is a statement from the Committee’s conclusions
regarding human health risk assessment:

*Mechanistic models should be used for quantitative risk
estimation for TCDD and related compounds. Such methods should
consider epidemiological data, sex-species susceptibility, the
promoting action of TCDD, and its pharmacokinetic properties in
predicting risks for exposed populations."”

Although valid arguments have been raised by a number of
scientists concerning the appropriateness of modeling TCDD as a tumor
initiator, Envirologic Data has chosen to use this conservative
approach in the present risk assessment, while at the same time
addressing concerns regarding relative susceptibilities of animal
species to TCDD's toxic effects. An alternative threshold approach

. is discussed briefly in the following section.

4.4 r iv W i ntak

Based on the lack of evidence for the appropriateness of a
nonthreshold model for TCDD, several agencies outside the U.S. have
used the safety factor (threshold) approach and developed allowable
daily intakes (ADIs) for TCDD. Shu et al. (1987) point out that risk
assessments based on this approach more accurately reflect the
scientific understanding of the mechanism of action of TCDD than
those that assume an initiation mechanism. Allowable daily intakes
are derived from no-observed-effect-levels (NOELs) with application
of a safety {uncertainty) factor. The Ontario Ministry of the
Environment (1985) calculated a maximum allowable daily intake for
humans of 10 pg/kg b.w.-day based on a ROEL of 1 ng/kg b.w.-day (1000
pg/kg b.w.-day) and a safety factor of 100. The State Institute of
National Health (SINH) in the Netherlands obtained a maximum ADI of 4
rg/kg b.w.-day based on a NOEL of 1 ng/kg b.w.-day and a safety :
factor of 250 (van der Heijden et al., 1982).

The EPA' (1984b) while not using the ADI approach in their risk
assessment, calculated an ADI at 1 pg/kg b.w.-day based on a NOEL of
1 ng/kg b.w.-day and a safety factor of 1,000. The FDA, prier to
their linear model approach discussed earlier in the report (FDa,
1983), had originally used a safety factor approach to support
advisory levels for TCDD in fish. FDA (1983) calculated a TCDD
exposure level of 13 pg/kg b.w.-day from consuming f£ish containing
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25 ppt TCDD at the 99th percentile of U.,S. fish consumption. FDA
noted that this exposure level was less than 1/70th of the animal
ROEL of 1 ng/kg b.w.-day. This approach was used to support 25 ppt
TCDD as a "safe" level in Great Lakes' fish.

Allowable daily intakes estimated for 2,3,7,8-TCDD generally
range from 1 to 10 pg/kg b.w.-day. These figqures, equal to 1,000 to
10,000 fg/kg b.w.-day, can be compared to the full range of virtually
safe doses shown in Table 4.1.A of 6.4 to 14,000 fg/kg b.w.~day and
to the ELD-derived VSDs of 60 to 600 fg/kg b.w.-day.

4.5 Factors Contributing to Uncertainties and Conservatism of Human
al gk n ‘

Factors contributing to uncertainty and/or conservatism in the
low-dose risk extrapolation of TCDD in sludge are briefly discussed
in this section. First, the risk assessment process used in this
analysis assumes that animal data on TCDD carcinogenicity can be used
to adequately predict human response at much lower dose levels, on
the order of 10,000,000 times less. This extrapolation, accomplished
via a mathematical model introduces considerable uncertainty into the
anlysis. At the same time, a high degree of conservatism is built
into the model itself and the resulting upper-confidence-bound cancer
potencies. Envirologic Data derived a TCDD cancer potency figure

from data on the most sensitive tumor types in bioassays of several

species and strains of laboratory animals. - A conservative procedure
for scaling from animal to human employed by EPA (1985) and problems.
with fit of the Kociba et al. (1978) female rat liver tumor data to
the model due to apparent saturation at higher doses {(Paustenbach et
al., 1986) contribute additional conservatism te this analysis. The
appropriateness of using the multistage model for TCDD risk
estimation is called into gquestion based on evidence for a cancer
promotion mechanism, as described earlier. The use of the multistage
model in this assessment to derive virtually safe doses may
considerably overestimate the true risk.

Exposure estimation in this analysis depends upon a large number
of individual factors as outlined elsewhere in the report. Limited
data, in some cases, contributes to uncertainty of the factors used
in the analysis. As one example, age-specific soil contact rate for
exposed skin is not a fact, but is estimated from several studies of
soil accumulation on children's hands. The final estimate will
contain the uncertainty of the original data upon which it is based,
as well as the uncertainty of the extrapolation from children to
adults and from surface area of hands to other areas of the body. It
is not possible at present to generate uncertainty estimates on each
assumption in order to develop confidence bounds on exposure
estimates. In order to address the problem of uncertainty in the
exposure analysis, Envirologic Data selected conservative factors.
Also, exposures are modeled for hypothetical individuals with
lifetime exposure to TCDD in landspread sludge, a highly unlikely and
again, conservative scenario.
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The risk assessment results, both in terms of incremental
lifetime cancer risks and allowable scil levels, contain a range of
uncertainty. However, the overall process and factors used in this
analysis contain a large degree of conservatism so as to ensure that
the final results are sufficiently protective of public health.

A key issue in the interpretation of this risk assessment is an
understanding of the conservative approach upon which it is based.
Wwhen a number of worst-case assumptions are made, the combination of
these conservative assumptions produces multiplicative conservatism

-which is unrealistic. As described throughout the document, ELD has

approached exposure and risk estimation from a conservative approach
which is consistent with realistic considerations. In spite of the
attempt to inject a degree of reasonableness into the analysis, ELD
believes that the results, whether expressed as incremental cancer
risk or allowable soil level, still likely overestimate the risk by
one to two orders of magnitude. For example, sensitivity analysis
of two critical assumptions, virtually safe dose and exposure
duration, demonstrates that if either factor overstates the most
likely case by a factor of 10, the resulting predicted allowable
soil level will be too conservative by a factor of 10. If both the
VSD and exposure duration exceed the most likely case by a factor of
10, the resulting allowable soil level will be 100 times less than
the most likely value., This scenario is not unlikely, given the
extremely low probability of a Maine farmer being exposed to
land-applied sludge containing TCDD for a full lifetime at the
contact rates modeled by ELD, and the possibility that the low-~dose
extrapolation model overstates TCDD's true risk to humans,

Envirologic Data has elected to report exposure routes
individually rather than to sum all routes of exposure to TCDD in
this analysis. ELD believes that given the abundant conservatism in
the exposure and risk estimation, summing all exposure routes would
not accurately portray potential risks related to agricultural use
of sludge in Maine. As an alternative to the present analysis,
composite exposure scenarios could be developed, based on
real-world, most likely scenarios of exposure.

5.0 CONCLUSIONS

Envirologic Data has examined potential exposure and
corresponding risk to Maine farmers and consumers related to TCDD in
landspread wastewater treatment plant sludges. At a hypothetical
level of 50 ppt TCDD in sludge, upper-bound lifetime incremental
cancer risks for all exposure scenarios examined are less than 1 x

10-6,

Envirologic Data calculated allowable levels of TCDD in soil
and sludge for each exgosure scenario corresponding to acceptable
risk levels of 1 x 10~° and 1 x 10-6, Levels of incremental
lifetime cancer risk ranging from 1 x 10-5 to 1 x 10~
generally are believed tc be acceptable. The allowable spil levels
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should be considered as lower-bounds, i.e. in all likelihood, the
ftrue” allowable soil level could be greater and still present an
insignificant risk to public health.

For the Maine farmer, the lowest allowable so0il and sludge
levels determined by Envirologic Data correspond to milk and beef
consumption from dairy and beef cattle grazed on sludge-amended
pastures where exposure occurred through soil ingestion by cattle.
Estimates range from 22 to 250 ppt for soil and 170 to 2,000 ppt for
sludge for risk levels of 10-6 and 10-5, respectively. For
agricultural scenarios other than direct grazing, the lowest
allowable levels for the Maine farmer scenarios correspond to milk
and beef consumption from cattle fed hay or silage corn. Allowable
TCDD levels range from 120 to 3,700 ppt in the soil and from 950 to
41,000 ppt in the sludge for risk levels of 1 x 10-6 and 1 x
10~>, respectively. :

Allowable average levels of TCDD in so0il related to direct
contact with TCDD-containing sludge through skin, inhalation, or
soil ingestion may be 4,100 ppt or greater depending on the scenario
examined and risk level. Corresponding sludge levels may be 32,000
ppt or greater. 1In the case of one~time lawn establishment with

-compost, allowable TCDD levels are estimated t¢ be 2,000 ppt and

greater with corresponding sludge TCDD level of 11,000 ppt and
greater, depending on the risk level selected.

Upper-bound incremental cancer risks and lower-bound allowable
soil levels estimated in this report are subject to uncertainties
arising from the hazard, dose-response, exposure, and risk
assessment sections of the analysis. The quantitative risk
assessment approach used in this analysis constitutes a conservative
approach to risk estimation, especially in light of evidence
supporting TCDD's action as a cancer promoter. Envirologic Data
selected reasonably conservative parameters throughout the analysis,
and therefore, believes that while uncertainties exist, they exist
principally on the side of over-conservatism, It is believed that
the risk assessment results, expressed as incremental cancer risks
or allowable soil levels, considerably overstate the most likely

risk,

It is Envirologic Data's conclusion, based on the scenarios of
exposure examined in this report, that 2,3,7,8-TCDD levels (ranging
up to 51 ppt) reported for Maine wastewater treatment plant sludges
would not present a significant risk to human health of Maine
farmers and consumers, Based on the allowable TCDD levels
determined for the individual exposure scenarios in this report,
Envirologic Data concludes that levels of TCDD even greater than
those detected in Maine sludges may be of little concern to public

health.




7 N R MR N BN e e

N
1

-63-

6.0 REFERENCES

AMA. 1984. The Health Effects of "Agent Orange" and Polychlorinated
Dioxin Contaminants: An Update, 1984. Technical Report.
Updated 5-29-85. Prepared by the Council on Scientific Affairs
Advisory Panel on Toxic Substances, American Medical
Association., Chicago, IL. 1i.p.

Armstrong, B. 1983, Australians report no link between service in
Vietnam and birth defects among offspring. Epidemiol. Monit.
3(4):1. (Cited in AMA, 1984).

Blair, A. 1986.. Review of the Epidemiologic Data Regarding Dioxin
and Cancer. In: Report of the Dioxin Update Committee, convened
by EPA Office of Pesticide and Toxic Substances. Dioxin Update

Conference. July 1-2, 198s6.

Bleiberyg, J., M. Wallen, R. Broukin, and I.L.-Applebaum. 1964.
Industrially acquired porphyria. Arch. Dermatol, B89:793-737,

Bonaccorsi, A., A. di Domenico, R, Fanelli, F. Merli, R, Motta, R.
Vanzati, and G. Zapponi. 1984. The influence of soil particle
adsorption on 2,3,7,8-tetrachloro-dibenzo-p-dioxin biological
uptake in the the rabbit. Arch. Toxicol. Suppl. 7. p. 431-434.

Bornd, G., R. Cook, F. Brenner, and E. McLaren. 1986. Evaluation of
mortality patterns among chemical workers with chloracne.
Presented at 6th International Symposium on Chlorinated Dioxins

and Related Compounds, Japan.

Chemical Regulation Reporter. '1986. High levels in fat tissue of
U.S. citizens invalidate previous studies, researchers says.

Bureau of National Affairs. April 18. p. 60-61L,

Clausing, P., B. Brunekreef, and J. Van Wijnen. 1986. A method for
estimating soil ingestion by children. -Arch. Occup. Environ.

Health. In Press.

Cook, R., G. Bond, R. Olson, and M. Ott. 1986. Update of mortality
experience of workers exposed to chlorinated dioxins. Executive
summary of recent dioxin epidemiology studies prepared by Dow
Chemical Company. Midiand, MI.

Cordle, F. 1983. Use of Epidemiology in the Regulation of Dioxins
in the Food Supply. In: F. Coulston and F. Pocchiari, eds.
Accidental Exposure to Dioxins, Human Health Aspects. Chapter
16. New York: Academic Press. p. 245-256.

Crouch, E. and R. Wilson. 1982. Risk/Benefit-Analysis. Cambridge,
MA: Ballinger Publishing Co. 218 p.

Dean, J. and R, Kimbrough. 1986. Immuncotoxicity of the Chlorinated
Dibenzodioxins and Dibenzofurans. In: Report of the Dioxin




-6d-

Update Committee, convened by EPA Office of Pesticide and Toxic .
Substances. Dioxin Update Conference. July 1-2, 1986.

Duggan, M. and &, Williams. 1977. Lead-in-dust in city streets.
The Science of the Total Environment. 7:91-97. (Cited in
Paustenbach et al., 1985.)

Dioxin Update Committee. 1986. Report of the Dioxin Update
Committee, Convened by EPA Office of Pesticide and Toxic
Substances. Dioxin Update Conference. July 1-2, 1986.

EPA. 1%884a. Risk Analysis of TCDD Contaminated Scil. EPA-600/
B8-84-031. Exposure Assessment Group, Office of Research and
Development, Environmental Protectiocn Agency. Washington, D.C.

48 p,

EPA. 1984b. Ambient Water Quality Criteria for 2,3,7,8-tetra-
chlorodibenzo-p-dioxin. EPA 440/5-84-007. Office of Water
Regulations and Standards, ‘Environmental Protectzon Agency.

Washington, D.C. 1i.p.

EPA. 1984c. National Emission standards for hazardous air
pollutants; benzene emissions from maleic anhydride plants,
ethylbenzene/styrene plants, and benzene storage vessels;
proposed withdrawl of proposed standards. Environmental
Protection Agency. 49 Fed. Reg. 8386. March 6, 1984.

EPA. 1984d. National emission standards for hazardous air
pollutants; regulation of radionuclides. Environmental
Protection Agency. 49 Fed. Reg. 43906. October 31, 1984.

EPA. 1984e. Use and Disposal of Municipal Wastewater Sludge.
Office of Research and Development, Environmental Protection

Agency. Cincinnati. 76 p.

EPA. 1985. Health Assessment Document for Polychlorinated Dibenzo-
p-Dioxins. EPA/600/8-8d4/014F. Office of Health and
Environmental Assessment., Environmental Protection Agency.

Washington, D.C. 1i.p.

EPA., 1986. Procedures for estimating risks associated with
exposures to mixtures of chlorinated dibenzo-p-dioxins and
dibenzofurans (CDD's and CDF' s). Envirconmental Protection
Agency. Washington, D.C. February. p. 35 & Appendix.

Erickson, J., J. Mulinare, P. McClain, et al, 1984. Vietnam
veterans' risks for fathering babies with birth defects. J. Am.

Med. Assoc. 252(7):903-912.

Eriksson, M., L. Hardell, N. Berg, et al. 1981. Soft-tissue
sarcomas and exposure to chemical substances; a case-referrent

study. Br. J. Indus. Med. 38:27-33.

FDA. 1983. Statement by Sanford A. Miller, Ph.D., Director, Bureau
of Foods, Food and Drug Administration, before the subcommittee




Y N N IS D G e W

,"";

E 77" @R EBE Ty am B B e

b

-65-—

on Natural Resources, Agriculture, Research and Environment,
Committee on Science and Technology, U.S. House of
Representatives. June 30, 19%83.

Facchetti, 8. 1986. Studies on the Absorption of TCDD by Plant
Species. In: C. Rappe, G. Choudhary, L.H. Keith, eds.
Chlorinated Dioxins and Dibenzofurans in Perspective. Chelsea,
MI: Lewis Publishers, Inc. p. 225-235. '

Freeman, R. and J. Schroy. 1984. Environmental mobility of dioxins.
Paper presented at the 8th ASTM Aquatic Toxicology Symposium,
Fort Mitchell, K¥. April. p. 15-17. (Cited in Palausky et
al., 1985.) .

Fries, G. 1982. Potential polychlorinated biphenyl residues in
animal products from appliication of contaminated sewage sludge
to land. J. Environ. Qual. 11(1):14-20.

Fries, G. and G. Marrow. 1975. Retention and excretioﬁ of 2,3,7,8~-
tetrachlorodibenzo-p-dioxin by rats. J. Agr. Food Chem, '
23(2):265-269.

Fries, G. F. 1986. Memorandum to Bryce J. Sproul, Maine Department
of Environmental Protection, regarding uptake and translocation
of TCDD by plants. U.S.D.A. Agric. Res. Service, Beltsville. 2

pP.

Fries, G. 1987. Assessment of potential residues in foods derived
from animals exposed to TCDD-contaminated soil. Chemosphere.
In press.

Gasiewicz, T.A., J.R. Olson, L.E, Geiger and R.A. Neal. 1983a.
Absorption, distribution and metabolism of 2,3,7,8-~tetrachloro-
dibenzo-p-dioxin (TCDD) in experimental animals., 1In: R.E.
Tucker, A.L. Young and A.P. Gray, eds. Human and Environmental
Risks of Chlorinated Dioxins and Related Compounds. New York:
Plenum Press. p. 495-525.

Graham, M., F. Hileman, D. Kirk, J. Wendling, and J. Wilson. 1985.
Background human exposure to 2,3,7,8-TCDD., Chemosphere.
14{(617):925-928.

Greenwald, P., B. Korasznag, D. Collins, and G, Therriault. 1984,
Sarcomas of soft tissue after Vietnam service. JNCI
73:1107~1109. (Cited in AMA, 1984.)

Hardell, L. and A. Sandstrom. 1979. Case-control study: soft-tissue
sarcomas and exposure to phenoxyacetic acids or chlorophenols,
Br. J. Cancer., 39:711-717.

Hardell, L., M. Eriksson, P. Lenner, et al. 1981, Malignant
lymphoma and exposure to chemicals, especially organic solvents,
chlorophencls and phenoxyacetic acids; a case control study.

Br. J. Cancer. 43:165-176.




-66-

Hawley, J. 1985. . Assessment of health risk from exposure to
contaminated soil, Risk Analysis. 5(4):289-302,

Healy, W. 1968. 1Ingestion of soil by dairy cows. N.Z. J. Agric.
Res. 11:487-499.

Hobson, L., L. Lee, M. Gross, and A. Young. 1983. Dioxin in body
fat and health status: a feasibility study. Extended Abstracts,
Division of Environmental Chemistry, American Chemical Society.
23:91-93. (Cited in Young and Cockerham, 1985.)

Hoffman, R., P. Stehr-Green, K. Webb, R. Evans, A, Knutsen, W.
Schramm, J. Staake, B. Gibson, and K. Steinberg. 1986. Health
effects of long-term exposure to 2,3,7,8-tetrachlorodibenzo-
p-dioxin. JAMA. 255 (15):2031-2038.

Hoar, 8., A. Blair, F, Holmes, C. Boysen, R. Robel, R. Hoover, and
J. Praumeni. 1986. Agricultural herbicide use and risk of
lymphoma and soft-tissue sarcoma. JAMA, 256(9):1141-1147.

ICRP. 1975. Report of the Task Group on Reference Man. ICRP
Publication 23. International Commission on Radiologigal
Protection. Oxford: Pergamon Press. 480 p.

Jensen, D. and R. Hummel., 1982, Secretion of TCDD in milk and cream
following the feeding of TCDD to lactating dairy cows. Bull.
Environm. Contam., Toxicol. 29:440-446.

Jensen, D., R. Hummel, N. Mahle, C. Kocher, and H. Higgins. 1981.
Residue study on beef cattle consuming 2,3,7,8-tetrachloro-
dibenzo-p-dioxin., J. Agric. Food Chem. 29:265-268.

Jones, K., I. Nisbet, C. Konheim, F. Hasselriis, D. Sussman, D.
Lipsky, C. Kemp, and J. Hahn. 1986. A peer review of the paper
*Environmental Levels and Health Effects of PCDDs and PCDFs" (as
amended by Commoner, Webster, and Shapiro submitted to Dioxin
‘85. Bayreuth FRG. September, 1985. Prepared for Government
Refuse Collections and Disposal Association.

Kimbrough, R., H. Falk, P. Stehr, and G. Fries. 1984, Health
implications of 2,3,7,8-tetrachlorodibenzodioxin (TCDD)
contamination of residential soil,  J. of Toxicol. and Environ.
Health., 14:47-93.

Kimbrough, R. D. 1986. Memorandum to Bryce J. Sproul, Maine
Department of Environmental Protection, regarding uptake and
translocation of TCDD by plants. U.S. Public Health Service,
Centers for Disease Control, Atlanta. 2 p.

Kociba, R. and O. Cabey. 1985. Comparative toxicity and biologic
activity of chlorinated dibenzo-p-dioxins and furans relative to
'2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Chemosphere.
14(6/7):649-660.




P

Y I N R N O E R R

—6T7-

Kociba, R., D. Keyes, J. Beyer, et al. 1878. Results of a two-year
chronic toxicity and oncogenicity study of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin in rats. Toxiceol. Appl. Pharmacol. 46:279-303.

Kociba, R. and B. Schwetz. 1982. Toxicity of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD). Drug Metab. Rev. 13(3):387-406.

Kolbye, A. Jr. 1983. Mechanisms of Carcinogenesis Related to TCDD.
In: F. Coulston, F. Pocchiari, eds. Accidental Exposure to
Dioxins, Human Health Aspects. New York: Academic Press. p.
191-199.

Lepow, M. et al. 1974. Role of aitborne lead in increased body
burden ¢of lead in Hartford@ children. Environmental Health

Perspectives. 6:99-101.

Lepow, M. et al. 1975. Investigations into sources of lead in the
environment of urban children. Env. Res. 10:415-424.

Lipson, A., W. Gaffey, and F. LaVecchio. 1983: Agent Orange and
birth defects. N. Engl. J. Med. (letter to the Editor).
309:491-492., (Cited in AMA, 1984.) _

Lucier, G., R. Rumbaugh, Z. McCoy, R. Hass, D, Harvan, and P. Albro.
Ingestion of soil contaminated with 2,3,7,B-tetrachlorodibenzo-
p-dioxin (TCDD) alters hepatic enzyme activities in rats.
Fundamental and Applied Toxicology. 6:364-371. _

Maine Dept. of Agriculture. 1984, Maine Agricultural Statistics
1983-1984, Maine Department of Agriculture, Food and Rural
Resources., Augqusta, ME 92 p. .

Maine DEP. 1985. Rules for Land Application of Sludge and
Residuals, Chapter 567. Municipal Services Div., Dept. of
Environmental Protection, Augusta, ME.

Maine DEP. 1986a. Testimony for the Maine Wastewater Control
Association by William Ginn. In: Record of Proceedings,
Department of Environmental Protection Public Hearing re:
Chapter 567. March 19, 1986. 136 p.

Maine DEP. 1986b. Results of Dioxins Analyses to Date. Memorandum
from K. Townsend, Mazine Dept. of Environmental Protection to
Board of Environmental Protection. September 8.

Minister of Veterans®' Affairs. 1983. Case-control Study of
Congenital Anomalies and Vietnam Service (Birth Defects Study).
Australian Government Publishing Service., (Cited in AMA, 1984.)

Moses, M., R. Lilis, K.D. Crow, J. Thornton, A. Fischbein, H.A.
Anderson, and 1I.J. Selikoff. 1984. Health status of workers
with past exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin in the
manufacture of 2,4,5-trichlorophenoxyacetic acid: comparison of
findings with and without chloracne. Am. J. Ind. Med.
5:161-182.




-68-

MeConnell, E., G. Lucier, R. Rumbaugh, P. Albro, D. Harvan, J. Hass,
M. Harris. 1984. Dioxin in soil: biocavailability after
ingestion by rats and guinea pigs. Science. 223:1077-107%9.

McRulty, W.P., K.A. Nielsen-Smith, J.0. Lay, Jr., et al, 1982.
Persistence of TCDD in monkey adipose tissue. Food Cosmet.
Toxicol, 20:985-987.

NCASI. 1984. Pulp and Papermill Sludges in Maine: A Character-
ization Study. Technical Bulletin 447. National Council of the
Paper Industry for Air and Stream Improvement. New York. 67 p.

NCASI. 1987. Dioxin: A Critical Review of its Distribution,

' Mechanism of Action, Impacts on Human Health, and the Setting of
Acceptable Exposure Limits. Prepared for National Council of
Paper Industry for Air and Stream Improvement, Inc. NCASI
Technical Bulletin 524. In Press.

NTP. 1982, Carcinogenesis Biocassay of 2,3,7,8-tetrachlorodibenzo-
p-dioxin (Cas. No. 1746-01-6) in Osborne-Mendel Rats and B6C3F1l
Mice (Gavage Study). National Toxicology Program. Research
Triangle Park, NC. February. 195 p.

New York Times. 1986. Researchers Report Findiné Telltale Sign of
Agent Orange. Thursday. September 18,

Nygren, M., C. Rappe, G. Lindstrom, M. Hansson, P. Bergquist, S.
Marklund, L. Domellof, .. Hardell, and M. Olsson. 1986,
Identification of 2,3,7,8-Substituted Polychlorinated Dioxins
and Dibenzofurans in Environmental and Human Samples. In: C.
Rappe, G. Choudhary, L.H. Keith, eds. Chlorinated Dioxins and
Dibenzofurans in Perspective. Chelsea, MI: Lewis Publishers,
Inc., p. 17-34. :

Olson, J.R., T.A. Gasiewicz and R.A. Neal. 1980a. Tissue
distribution, excretion, and metabolism of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD) in the Golden Syrian hamster. Toxicol.
Appl. Pharmacel. 56:78-85.

Olson, J.R., M.A. Holscher and R.A. Neal. 1980b. Toxicity of
2,3,7,8-tetrachlorodibenzo-p-dioxin in the Golden Syrian
hamster,. Toxicel. Appl. Pharmacol. 55:67-78.

Palausky, J., S. Kapila, S§. Manahon, A. Yanders, R. Malhotra, and T.
Clevenger. 1985. Studies on vapor phase transport and role of
dispersing medium on mobility of 2,3,7,8-TCDD in soil.
Environmental Trace Substances Research Center Dept. of .
Chemistry. Univ. Missouri. Columbia, MO. Preprint Proceedings
of the 5th International Symposium on Chlorinated Dioxins and
Related Compounds, Bayreuth, FRG. 8 p. .

Patterson, D., R. Hoffman, L. Needham, D. Roberts, J. Bagby, J.
Pirkle, H., Falk, E. Sampson, and V., Houk. 1986,




J

N B BN EE R O mm T

M 7" IS BN N O OEE EEmEm

rf‘

69~

2,3,7,8-Tetrachlorodibenzo-p~dioxin levels in adipose tissue of
exposed and control persons in Missouri. An interim report.
JAMA, 256{19):2683--2685.

Paustenbach, D, 1987. Assessing the 9otentia1'environmenta1 and
human health risks of contaminated soil. Comments on
Toxicology. In press. '

Paustenbach, D., H. Shu, and F. Murray. 1986. A critical
examination of assumptions used in risk assessments of dioxin
contaminated soil. Regulatory Toxicol. and Pharmacol.
6:284-307, '

Pazderova-Ve}lupkova, J., M. Nemcora, J. Pickova, L. Jirasek, and
E., Lukas. 1981. The development and prognosis of chronic
intoxication by tetrachlorodibenzo-p-dioxin in men.- Arch.-
Environ. Health. 3s8(1):5-11.

Pearce, N. et al. 1986, Case-control study of non-Hodgkin's
lymphoma and exposure to phenoxy herbicides, chlorophenols,
fencing work, and meat works employment. Br. J. Ind. Med.
43:75-83. (Cited in Blair, 1986.)

Piper, W.N., R.Q. Rose and P.J. Gehring. 1973. Excretion and
tissue distribution of 2,3,7,8-tetrachlorocdibenzo-p-dioxin in
the rat. Environ. Health Perspect. 5:241-244.

Pitot, H., T. Goldsworthy, H. Campbell, and A. Poland. 1980.
Quantitative evaluation of the promotion by 2,3,7,8-tetrachloro-
dibenzo-p-dioxin of hepatocarcinogenesis from diethylnitro-
samine. Cancer Res. 40:3616-3620. :

Poiger, H. and C. Schlatter. 1980. Influence of solvents and
adsorhents on dermal and intestinal adsorption of TCDDB, Food
and Cosmetic Toxicology. 18:477-481,

Poiger, H. and C, Schlatter. 1985. Pharmacokinetics of 2,3,7,8-TCDD
in man. Abstract presented at the 5th International Symposium
on Chlorinated Dioxins and Related Compounds. Bayreuth, FRG,
September 16-19, 1985.

Poland, A. 1986. Mechanism of Action. In: Report of the Dioxin
Update Committee, Convened by EPA Office of Pesticide and Toxic
Substances. Dioxin Update Conference, July 1-2, 1986,

Poland, A., J. Knutson, and E. Glover, 1983. A consideration of
the mechanism of action of 2,3,7,8-tetrachlorodibenzo-p-dioxin
and related halogenated aromatic hydrocarbons. 1In: R.E. Tucker,
A.L. Young, and A.P. Gray, eds. Human and Environmental Risks
0f Chlorinated Dioxins and Related Compounds. New York: Plenum
Press. P. 539-553, '

pPoland, A., D. Palen, and E. Glover. 1982. Tumor promotion by TCDD
in skin of HRS/J hairless mice. Nature. 300:271-273.




~70-

Rose, J.Q., J.C. Ramsey, T.H. Wentzler, R.A. Hummel and P.J. Gehring.
1976. The fate of 2,3,7,8-tetrachlorodibenzo-p-dioxin following
single and repeated oral doses to the rat Toxicol. Appl.
Pharmacol. 36(2):209-226.

Rowe, V. 1980. Direct Testimony of Dr. V.K. Rowe before the
Environmental Protection Agency. Exhibit 865. FIFRA Docket
Nos. 415, et al. November 13, 198¢C.

Ryan, J., R. Lizotte, and B. Lau. 1985a. Chlorinated dibenzo-
p-dioxins and chlorinated dibenzofurans in Canadian human
adipose tissue. Chemosphere. 14(617):697-706.

Ryan, J., A. Schecter, R. Lizotte, W. Sun, and L. Miller. 19835b.
Tissue distribution of dioxins and furans in humans from the
general population. Chemosphere. 14(6/7):929-532.

Schecter, A., J. Ryan, M. Gross, N. Weerasinghe, and J. Constable.
Chlorinated Dioxins and Dibenzofurans in Human Tissues from
Vietnam, 1983-84. 1In: C. Rappe, G. Choudhary, and L. Keith,
eds. Chlorinated Dioxins and Dibenzofurans in Perspective.
Chelsea, MI: Lewis Publishers, Inc. p. 35-50,

Schecter, A., J. Ryan, R. Lizotte, W. Sun, L. Miller, G. Gitlitz,
1385. Chlorinated dibenzodioxins and dibenzofurans in human
adipose tissue from exposed and control New York State
patients. Chemosphere. 14(6/7):933-937.

Scheuplein, R. 1984. Proposed Food and Drug Administration Approach

to Tolerance-Setting for Dioxin in Food. In: W. Lowrance, edgd.
Public Health Risks of the Dioxins. Proceedings of a Symposium,
October 19-20, 1983. Rockefeller University, New York. p.
387-372.

Shu, H., D. Paustenbach, and F. Murray. 19B87. A critical evaluation
of the use of mutagenesis, carcinogenesis, and tumor promotion
data in a cancer risk assessment of 2,3,7,8-tetra-
chlorodibenzo-p-dioxin. Reg. Toxicol. Pharm. In Press.

Sielken, R. 1887a. Statistical evaluations reflecting the skewness
in the distribution of TCDD levels in human adipose tissue.
Chemosphere. 1In press.

Sielken, R. 1987b. Quantitative cancer risk assessments for TCDD.
Food Chem. Toxicol. In Press.

Singer, R., M, Moses, J. Valciukas, R. Lilis, and I.J. Selikoff.
1982, Nerve conduction velocity studies of workers employed in
the manufacture of phenoxy herbicides. Environ. Res.
29:297-311.




1

-71- f

Smith, A., D. Fisher, N. Pearce, and C. Chapman. 1982a. Congenital

defects and miscarriages among New Zealand 2,4,5-T sprayers.
Arch. Environ. Health. 37:197-200., (Cited in AMA, 1984.)

Smith, A. et al. 1982b. Community Health Studies. 6:114-119.
(Cited in Blair, 1986.)

Smith, A. et al. 1983. Chemosphere. 565-571. (Cited in Blair,
1986.)

- Tschirley, F. 1986. Dioxin, Scientific American. 254(2):29-35,

Umbreit, T., E. Hesse, and M. Gallo. 1986a. Differential bicavail-
ability of TCDD from contaminated scils from Times Beach,
Missouri, and Newark, New Jersey. Preprint extended abstract,
Presented before American Chemical Society, New York. April.

Umbreit, T., E. Hesse, and M, Gallo. 1986b. Bioavailability of
dioxin in soil from a 2,4,5-T manufacturing site. Science.
232:487-499.

U.S. Dept. of Commerce. 1984. Statistical Abstfact of the Uniteg
States. 1985. 105th ed. Bureau of the Census.

Van der Heijden, C., A. Knaup, P. Kramers, and M. van Logten. 1982,
Evaluation of the carcinogenicity and mutagenicity of :
2,3,7,8-tetrachlorodibenzo-1,4-dioxin (TCDD); classification and
no-effect level. Report DOC/LCM 300/292. State Institute of
National Health, Bilthoven, The Netherlands (Cited in Shu et
al., 1987).

Van Wijnen, J., P., Clausing, and B. Brunekreef. 1986. A method for
estimating soil ingestion of young children. Presented at
Dioxin 86, Japan. Abstract.

Watson, M. and H. Hoitink. 1985. Long-term effects of papermill
sludge in stripmine reclamation. ©Ohio Report. March-aApril.

3 p.

Weinstein, B. 1984. Dioxins as Carcinogenic Promoters. 1In:
W. Lowrance, ed. Public Health Risks of the Dioxins.
Proceedings of a Symposium, October 19-20, 1983, Rockefeller
University, New York City. p. 155-160.

Weisburger, J.H., and G.M. Williams. 1981. The decision-point
approach for systematic carcinogen testing. Food Cosmet.
Toxicol. 19:561-566. (Cited in Paustenbach, 1986.)

Wester, R. and H. Maibach. 1983. Cutaneous pharmacokinetics: 10
steps to percutaneous absorption. Drug Metab. Rev.
14(2):169-205.

Wiklund, K. 1986. Soft tissue sarcoma risk in Swedish agriculture
and forestry workers. JNCI. 761(2):229-234., -




~72—

fe-:f -

!

Ailliams, G. and J. Weisburger. 1986. Chemical Carcinogens.
In: C. Klaassen, M. Amdur, and J. Doull, eds. Casarett and
Doull's Toxicology. The Basic Science of Poisons. Chapter 5.
New York: MacMillan Publishing Co. p. 99-173.

Wipf, H., E. Homberger, N. Neuner, U. Ranalder, W. Vetter, and J.
Vuilleumier. 1982. TCDD-levels in Soil and Plant Samples from
the Seveso area. 1In: O. Hutzinger et al., eds. Chlorinated
Digxigs and Related Compounds. New York: Pergamon Press. pP.
115-126. ‘

Wolfe, W., G. Lathrop, R. Albanese, and P. Moynahan. 1985. An
epidemiologic investigation of health effects in air force
personnel following exposure to herbicides and associated
dioxins. Chemosphere. 14(6/7):707-716.

Wrenn, G. 1986. Testimony before the U.S. Environmental Protection
Agency Regarding Asbestos Ban and Phaseout Proposal. Environ
Corp. June 2%, 1986.

Yanders, A.F. 1986. Memorandum to Bryce J. Sproul, Maine Department
of Environmental Protection, regarding uptake and translocation
of TCDD by plants. Univ. Missouri, Environmental Trace '
Substances Research Center, Columbia. 1 p.

Young, A, 1983. Long-Term Studies on the Persistence and Movement

of TCDD in a Natural Ecosystem. In: R. Tucker, A. Young, and A.
Gray, eds. Human and Environmental Risks of Chlorinated Dioxins

and Related Compounds. New York: Plenum Press. p. 173-190.

Young, A. and L. Cockerham. 1985. Fate of TCDD in Field Ecosystems
-- Assessment and Significance for Human Exposures. In: M. _
Kamrin, and P, Rodgers, eds. Dioxinsg in the Environment. New

York: Hemisphere Publishing Corporation. p. 153-171.

Young, A., H. Kang, and B. Shepard. 1983, Chlorinated dioxins as
herbicide contaminants. Environ. Sci. Technol.
17(11):530A-540A,

0367R




California Analytical Luboratory Enseco Incorporated

perd JUH O 81887

& Fnseco

glpa

June 3, 1937

Steven A, Petrin
Georgla~Pacific Corp.
90 West Radwood Ave,
Fort Bragg, CA 95437

Dear Mr. Petrin,

Enclosed is the confirmation of the 2,3,7,8, TCDF isomer you requested
on June 1, 1987.

1f you have any further questions please don't hesitate to call.

Sincerely,

P

/ A f
r?;,/w“ W )»*4‘”
Robexrt §. Mitzel
GC/MS Lab Supesxvisor

REM:mbw

2544 Industrial Bonlevard
West Sactamento, Californis 956591
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20413, 20412 Wet Weight: 10.07g

Dry Weight: N/a
CAL ID: 28882¢ Percent Moisture:
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tetra {total) 0.23
2378 DB-225 confirmation 0.015
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hepta HD
octa | ND

% Accuracy 37C1-TCDD = 96%
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ND = Not Detected

Calculations based on Dry Weight
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{(ng/d)
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0.0096
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¢.,0L2
0.014
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0.21
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Georgia-Paclific Corporation 90 West Redwood Avense
Fort Bragg, California 95437
Telephone (707) 964-5651

Whir I
CORTROL oAy

RECHIN
June 3, 1987 JQNI el _
£ g i
Ms. Susan Warner i1 Cj-;éifi
Associate Engineering Geologist {ﬂ&%ﬂx}ﬁzs
Calif. Regional Water 1 o T
Quality Control Board ' R 4 N I
1440 Guerneville Road Pim (7
Santa Rosa, CA 95402 (7 rl
Ll [T et :
l_"] F X;u: &- SQ'L M'm

Dear Ms. Warner:

Thank you for your letter of June 1 with order No., 87-80, rescinding <o,
the C & A order at the Little Valley site. Stabilization and prevention

of ash discharges at the site have been a major concern of ours and we
are gratified that the Board has recognized our efforts by rescinding

the order.
We had already addressed your concerns about the stockpile area prior

to receipt of your letter. We have already begun incorporation of the
stockpiled material and no new material has been stockplled since the

rains in late April,

Sincerely,

KA A

Steven Petrin

Director, Environmental
Health and Safety

California Wood Products

SP/4h

cct: D, Jacobszoon




’ ’ STATE OF CALIFORNIA

. CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD—
{ +NORTH COAST REGION

1440 GUERNEVILLE ROAD
SANTA ROSA, CA 95401
Phone: (707} 576-2220

June 1, 1987

- ® ®
; GEQRGE DEUKMEMNAN, Govemnar

NOTICE

RECISION OF
CLFANUP AND ABATEMENT ORDER NO, 87—80
TR

GRORGIA-PACIFIC CORPORATTON
FORT BRAGG ASH SOIL AMENDMENT

Mendocino County
Attached is a copy of an Order which rescinds Cleanup and Abatement Order No. 87-80.

Ben_]amm D. Kor
Executive Officelj

Attachment:

cc: SWRCB, Division of Water Quality, Attn: Archie Matthews
SWRCB, Office of the Chief Counsel, Attn: Bonnie Wolstoncroft
SWRCB, Division of Water Quality, Attn: Arnie Inouye
DFG, Yountville
DFG, Sacramento,
Mendocino County Health Department
DOHS, SEB, Santa Rosa .
IWR, Central District, Sacramento, Attn: B,J. Archer
USDI, Fish and Wildlife Service, Sacramento
Dept. of Parks and Recreation, Sacramento, Attn: James M. Doyle
EPA, San Francisco, Mail Code W-3-2
Al13 Board Members




. | Georgia-Pacific Co:porati’ 90 West Redwood Avenus
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o

Fort Bragg, California 95437
Telephone (707) 964-3631
' Waid, duadTY
CONTROL BOATD
RENITM
J1i 87
Jure 8, 1987 ] {ing
e =<
/b O
Ms. Susan Warner Y
California Regional Water 2 O
uality Control Board ; P
1440 Guerneville Rd. e
Santa Rosa, CA 95401 6 7 Rerty

Dear Ms. Warner:

Samples of powerhouse flyash have been collected and an analysis for dioxins

it

and furans completed as you requested. As specified in the sampling plan,
I tock three samples over the period of April 2 to April 8, which were then
capesited into a single sample at California 2nalytical Laboratory for

analysis.

As you can see from the enclosed lab sheets, this sample showed that no dioxins
were present. The analysis for furans yielded a trace amount (0.23 ppb) of

tetra-chlorinated dibenzofuran (TCDF)..

We have contacted the lab to initiate

2n isamer-specific analysis in order to determine which TCDSs were detected.

Please take the opportunity to evaluate these results ard then contact me
with any comments you may have on this matter.

SP/hm

co: L. D. 2mbrosini

: J. Anderson/Atlanta
R. D. Benedetti
D. B. wWhitman
D. G. Jacobszoon

SifweJ-y r

= r
Steve Petrin
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DIOXINS
tetra (total) : _ ND . 0.0068
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3 Reéovery 13¢-2378-TCDF = &64%
% Recovery 13C-2378~TCDD = 66%

'ND = Not Detected

* Chemical Interference
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| AMOUNT FOUND bEBECTT LINIT
FURANS (ng/q) M AngzaFt /‘le
nJrre
tetra (total) 0.23 g@‘b | - [5“’55
penta ND ” 0.032 g;gﬂVQQ
' AR
hexa ND 0.0096 ﬁﬁpﬂf'
hepta ND 0.024 0o
octa | ND . 0.13
DIOXINS
tetra (total) ND 0.012
penta ND 0.014
hexa ND 0.025
hepta ND 0.034
' octa . ND 0.21

% Accuracy 37Cl-TCDD = 96%

% Recovery 13C~2378-TCDF = 54%

% Recovery 13C~-2378-TCDD = 42%
ND = Not Detected

Calculations based on Dry Weight

PRE?ARED BY: ﬁl}@&i

APPROVED BY: —4sm DATE: sl357%




rgia-Pacific Corporation 90 West Redwood Avense
Georg P Fort Bmg§, California 93437
Telephondifrod) QBifsH51
CONTROL BOARD

REGHN ¢
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June 16, 1987 M .

CERTIFIED MAIL 18 ey
Return Receipt Reque§#edrym 1 pac
P 236 628 666 ) ’

Mr. Benijamin b. Kor
California Regional Water
Quality Control Board
1440 Guerneville Road .

Santa Rosa, CA 95401

Dear Mr. Kor:

Enclosed is the May 1987 report for the Georgia-Pacific
Soil Amending Project as per revised Monitoring and
Reporting Program B86-3.

Siﬂcerely,

sZod fAcD

Steven Petrin

Director, Environmental Health
and Safety

California Wood Products

SP:sp

Encl.
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MAY 1987 REPORT ,

GEORGIA-PACIFIC CORPORATION

FORT BRAGG SOIL AMENDMENT MONITORING AND REPORTING PROGRAM NO. 86-3

Monitoring

Volume of ash depogited by Week — Cubic Yards of Ash - deposited

May 01
03
10
17
24

Number of Treated
Number of Treated

- 02
- 09
- 16
- 23
~ 30

Acre
Acre

at the upper field of area A.

360
920
1029
8490
840

s (Area A} ' 23.84 Acres
8 (Area W) 5

Daily}Precipitation Measurggenté PPT {Inches)

May

WO =3O N e WD

<
DOO0OOOCOCOOLOORLLOLOCOO0OORLORLOOOCODLO0

No stormwater runoff monitoring was conducted due to minimal

rainfall.




Georgia-Pacific Corporation 90 Wes Redwood Avenue

Fort Bragg, California 95437
Telephone (707) 964-5651

Rt

June 18 ,1987

Ms. Susan Warner

Associate Engineering Geologist

California Regional Water
Quality Control Board

1440 Guerneville Road

Santa Rosa, CA 95401

Dear Ms. Warner:

As indicated in my letter of June 8, a sample of powerhouse
fly ash was analyzed for chlorinated dioxins and furans as
per your request, Enclosed are the results of isomer-specific
analysis. There was a trace amount of 2378-TCDF {15 ppt)

detected.

Sincexely,

ST

Steven Petrin

Director, Environmental
Health and Safety

California Wood Products

SP:sp
Encs.
ce: J. Anderson/Atlanta

D. Jacobszoon/Ft. Bragg
D. Whitman/Ft. Bragg

vl
“These ResolA nea

2,7 "7 5ﬁﬁg/¢ua%9#wﬂf

s 220 ppt 2y sthe~

'%eﬂfaﬂﬁ;dbaﬁaieﬂx,ngv@»a
L E»QAk3$ 3




ENSECO-CAL LAB

Enseco

POLYCHLORINATED DIOXIN/FURAN ANALYSIS RH:D*JUN 08 1987

TICKET NO. 28882

CLIENT ID: Composite 20414, Date Analyzed: 5/8/87 Cclumn:
‘ 20413, 20412 Wet Weight: 10.07g
Dry Weight: N/A - '
CAL ID: 28882C - Percent Moisture: 0%

AMOUNT FOUND

FURANS ‘ (ng/9)
tetra (total) ¢.23
2378 DB-225 confirmation 0.015

penta ND
hexa : ND
hepta ' | ND
octa . ND
DIOXINS

tetra (total) ND
penta ND
hexa ND
‘hepta ‘ ND
octa . KD

% Accuracy 37Cl-TCDD = 96%

54%

% Recovery 13C-2378-TCDF
42%

% Recovery 13C-2378-TCDD

M

ND = Not Detected
Calculations based on Dry Weight

PREPARED BY: Do
APPROVED BY: A5 DATE:
!

DETECTION LIMIT
(ng/g)

0.032

0.00%96
~0.024

0.13

0.012
0.014
¢.025
0.034
0.21

b/3/37

DB-5




Z3T8-TTOF DATA REPURT

- ENSECO - Cal Lab
2544 Industrial Blvd,

W. Smcramento, CA 9569

tab: ENSECO - Cal Lab
Case No. 28882
Batch/Shipment No,

PPB
Cal Aliquot PPB TCDF ‘
Labs Sample  C Wet Wt. TCDF bet, Inst 304/ 316/
) Number U (grams) Meas Lmt 1D Date Time 306 318 104
28B82MBR]I METHOD BLANK Y 10.00 ND 0.0014 HR  06/02/87 18:43:00 - 0.69 -
28882-1 ASH HOPPER Y 10.07 0.015 - R 06/02/87 18:59:00 0.82 0.7 5535

MB = Method Blank FB = Field Blank -

P = Partial Scan/Confirmatory Analysis Hp = Not Detected
NS = Native TCDF Spike © DpL = Detection Limit
D = duplicate/Fortified Fidld Blank fX = Re-extraction

R] = Re-injection MpC = Maximum Possible Concentration
CU = Clean Up

*Corrected for contribution by native TCDD; 0.9% of m/z 322 subtracted

Prepared by: W :
A5 Date: b l%‘ m"?'

Approved by:

FORM B-1

- Report Dater; b l ')«l%

Column: pB-225 I

306 316 318 Conments

- 1140000 1655000
6729 865800 1220000

4861 8 0 NNP 0.7



ENSECO - Cal Lab

Native
Conc Injection Injection Standard
ug/ml 10 Date Time Ip

0.020 MR 06/02/87 17:42:00 ST8706028

Average Native RRF = 1.00

Daily Catibration Summary

RF

A304 A306  A316  AS18  Native

11420 13860 125500 190000 1.00

4861 8 o NOIr 0.9
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STATE OF CALIFORNIA ! ! . GEQRGE DEUKMEJIAN, Governor

CAL!FORNIA REGIONAL WATER QUALITY CONTROL BOARD—
(" "ORTH COAST REGION

1440 GUERNEVILLE ROAD h
SANTA ROSA. CA 95401 RECD JLL © b 1057

Phane: (707} 576-2220
July 2, 1987

Steve Petrin
Director, Environmental Health and Safety
Georgia~Pacific Corporation
= OB WestRedwWoot AVeRige T e e

Fort Bragg, CA 95437
Dear Mr, Petrin:

I reviewed the data submitted in response to our February 4 and March 23, 1987 letters

- requesting submittal of a - technical report on analyses of the pelychlorodibenzodioxins
and polychlorodibenzofurans. The data show that 2,3,7,8-tetrachlorodibenzofuran and
other tetrachlorodibenzofurans were present in the fly a_sh samples. Accordingly, these
results will need to be confirmed with additional sampling and investigation. As T
discussed in my meeting on June 18, 1987, with you, Jack Anderson, and Rod Shippey, no
further so0il amendment usage of the ash outside of the Little Valley site will be
permitted until the dibenzofuran contaminant question is resolved.

) A vorkplan descridbing additional tests, including a full description of sampling and
{ analytical wmethedology and schedule for sampling and reporting, needs to be submitted to

- this office pursuant to Section 13267(b)} of the Water Code by July 31, 1987. The
workplan should include appropriate analysis of the ash and of the feedstock, At a
minimum, the feedstock should be analyzed for chloride content and total organic
halogens. FPlease call me if you have any questions in this satter.

Sincerely,

t
w&@i%wz
Susan A. Warner
Associate Engineering Geologist

SAW:mkh
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™t | } - -
Cooperative Extension _

UNIVERSITY OF CALIFORNIA S MENDOCINO COUNTY

0.CQ.‘.Q_OOOOOOOOOOOQOQ..0.0.......0.-."..0'.
COUNTY AGRICULTURAL CENTER | ' 707-463-4405

579 LOW GAP ROAD
UKIAH, CA 95482

July 5. 1387 e

QUARTERLY NARRATIVE REPORT - kédericik a. Shippel
Adivestock. acviser

FLY ASH IS FINALLY FREED -

We have finished our first vear at the Georais Faocific Lumber
Companhy’'s solid waste distosal site.

Cooperative Extenaion became involved with solid wvaste dispossl
when Georgia Pacific was smrbroiled in a dispute with California
Water Quality Control Board begcause of the nossible water
pollution by the company’s boiler ash disposal methods.

test plot was laid out with three replicaticns using six
application rates of this ash. The plotr was seeded with clovers
and rvedqrasg. Westher daita was kepi. plot wvisiis every Two weexs
mrade evaluation of o clearly responsive treatment an encouraging
task. Stream guality was measured weekly te monitor the vpoten-
tial rigration of fly ash into the water supplv. None was found.
The clovers and arasses responded Lo the six rotes which were
mgaszured by clipping. dryina and weighina.

Our aspplication rates were:

Treatment: Production:

O tonssucre LO.22 TFA
g5 "~ 0 i4.64 T/A
96 - 19,02 T/A

192 v v 14,03 T/A
382 0" Z8.03 TrA
e o 10,06 TSA

University of California and the United Staotes Department of Agriculture cooperating
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July 6, 1987

Mike Cleary
P'O._ &x 14
Fort Bragg, CA 95437

Dear Mr, Cleary: ,

X mgladthatﬂmﬁqudsodlmdmtawlmtionmmll Iwilliuspectmeﬁte
in August. We have requested additional laboratory snmalyses of the ash, and will need to
obtahaﬁmlu&tathiamwd&tapﬁnrwappmﬂngadﬁmﬂmqmmfamms

Sincerely,

' Susan A, Varner
Aseociate Engineering Geologist
SAWsmkh o
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~July 8, 1987

Linda Sallinen
33550 Gibuey lane
Fort Bragg, CA 95437

Dear Mz, Sellinen: .
I received your letwregat&iusuaaofthergh-Pscﬁinflyuhmm_pmpﬁtym_

fly aah,mddomtwhhtoauﬂwﬂzeitsmasamﬂmﬂmmtmﬂlﬁm-mlum
receivad from Georgis-Pacific, = I em elsoc working with Rod Shippay of the
" office mmdahmdawdopmmappucatioﬁmmmdmmﬁrm
as the ash as a 50il emwndment, Once these issues sre résolved, theq the ssh may be used
selectively as & soil smendment in the:cbestsl areas, You should contast this office
'agsininabwtmwduifmstmnshtoobtaint}wadiforaoﬂmdmtusn.

ing
3
g

Sincerely.

Susan Wames
Assmiateﬁ&gima’ing@mlogist
- BAWanich

cc: Steve Petrin




ia-Pacific Corporation 0 Wes Redwood Avenue
Georg P _ Fort Bragg, California 95437

Telephone (707) 964-3651

WATER QUALITY
193

L

RECION §
J16°87

DI s
Oy de)
July 15, 1987 YR A ) .

CInr
CERTIFIED MAIL - —
Return Receipt Requestedil [

P 236 628 664 (I8 [
Mr, Benjamin D. Kor I T §
California Regional Water iz, Ml :

Quality Control Board
1440 Guerneville Road
Santa Rosa, CA 95403

Dear Mr. Kor:

Enclosed is the June 1987 report for the Georgia-Pacific
Soil Amending Project as per revised Monitoring and
Reporting Program 86-3.

Sincerely, ;

5752 D _ ]

Steven A. Petrin

Director, Environmental Health & Safety
California Wood Products

SP:sp

Encl.



(ffw

FORT BRAGG SOIL AMENDMENT MONITORING AND REPORTING PROGRAM NO.

Monitorin

Volume of ash deposited by Week -

JUNE 1987 REPORT .

GEORGIA~PACIFIC CORPORATION

86-3

Cubic Yards of Ash - deposited

June 01 -
. 07 -
14 -
21 -
28 -

Number of Treated Acres {(Area A)

Number of Treated Acres (Area W)

Daily Precipitation Measurements

06
13
20
27
30

780
820
900
680
240

26.31
5

in Areas A.

Acres

PPT (Inches)

June

LD W

OOOOOOOOOOOOOOOOOOQOOOOQOOQOOOO

WATER QUALITY
CONTROL™ BOARD

REGION !
JL16°87
[igk___ 1 b
S R i D
im_
Om__ o
S N
IR [
CI8 _ [rerty

¥ - T ne

No stormwater runoff monitoring was conducted due to lack of

rainfall.







e










Georgia-Pacific Corporation

90 West Redwood Avense
Fort Bragg, California 95437
Telephone (707 ) 964-5651

July 30, 1987

CERTIFIED MATIL

WATER GUALTY
CONTROL DOARD

PEGIOY |
ME 38!

oy,

= [
N Fad

R Ty
ok T
] PR I G

Return Receipt Requested iy I

P 236 628 660

Mr. Benjamin D. Kor
California Regional Water.
Quality Control Board
1440 Guerneville Road
Santa Rosa, CA 95403

Dear Mr. Xor:

O O —
16 . IR
r_l-‘ L, ™ =ug

Enclosed is the 1986 Annual Report for the Georgia-Pacific
Soil Amending Project as per revised Monitoring and

Reporting Program 86-3.
Sincerely,

st D

Steven A. Petrin, Director
Environmental Health and Safety
California Wood Products

SP:iv

Encl.




.. 19886 Annual‘port ~ Georgia Pacific S. Amending Project

Storm-Water Monitoring

Stormwater monitoring for pH was conducted under original order 86-3
from February 1-11. Additional parameters for monitoring were added
after February 11 under Revised order 86-3. Under the revised order,
Georgia-Pacific personnel examined the Little Valley soil amending
site on every day in which rainfall occurred and collected samples as
regquired (results summarized below). No discharges of ash were
observed to surface streams, Sampling occurred during the months of

February, March, October and December.

Rainfall

Month PPT {inches)

Feb 12.06

Mar 7.10

Apr 0.88

May 0.84

June : 0

July o

Aug 0

Sept 1.80

Oct 1.90

Nov 1.33

Dec 6.03

pH Measurements
Date Location ¥
1 2 3 1 5 6 7 8 ]

2-05-86 6.8 7.2 6.9 - - - - - -
2-13-886 6.4 6.3 6.65 7.0 6.7 6.7 6.7 - -
2-14-86 6.35 6.35 6.6 7.0 6.9 6.7 6.7 - -
2-18-86 6.3 6.3 6.8 7.1 7.0 7.0 7.0 - -
2-19-86 6.3 6.3 7.0 7.2 7.0 7.0 7.0 - -
2-20~86 6.3 6.3 6.9 7.1 6.9 6.9 6.9 - -
2-24-86 6.1 6.1 7.0 7.0 6.6 6.7 6.7 -
3-06-886 6.1 6.2 7.3 7.3 6.7 7.0 7.2 - -
3-07-86 6.45 6.35 6.65 7.06 6.7 6.7T B.T - -
3-10-86 6.2 6.4 .65 6.66 6.8 6.35 6.8 - -
10-30-86 - - - - - 6.3 6.3 - -
i2-19-86 - - - - 6.3 6.6 6.7 6.6 6.
12-26-87 - - - - 6.7 6.8 6.9 6.6 6.
12-31-86 - - - - 6.7 6.9 6.7 8.7 6

%t See attached map provided by Board staff for locations of sampling
points. '




1986 Annual Report‘age 2 '
_ Suspended Solids {mg/ll

Date Location
| 1 2z 3 + 5 & 1 8 38
2-14-86 20.6 21.2 7.0 52.1 46.7 28.% 36.1 =~ -
2-20-86 31.6 33.3 46.1 62.0 67.2 51.7 59.6 - -
2-24-86 17.3 20.5 26.2 32.1 28.1 17.6 22.0 ~ -
3-10-86 15.1 16.3 37.6 42.1 27.5 20.2 23.3 - -
10-30-86 - - - - - 23 25 ~ -
12-19-86 - - - - 58 273 43 235 386
12-26-88 - - - - 18 5 11 13 8
12-31-86 - - - - 53 86 112 49 28
CcoD
Date Location
i 2 3 1 5 [ 7 8 9

3-07-86 - 30 43 39 50 41 51 37 - -

(insufficient discharge for sampling in November)

Ash Incorporation Activities

Ash incorporation activities were conducted during the months of May
through November. Soil moisture conditions during the other months
precluded incorporation mectivities, so ash was stockpiled in an
approved area. Volume of ash delivered to the site and acreage
amended are summarized below:

Total
Month Ash Delivered (cu. yd) Amended Acreage
Feb 3060 4
Mar 4240 4
Apr 4420 4.
May 3500 : 10
June 2520 20
July 2020 .22
Aug 3060 23.5
Sept 3460 25.27
Oct 4040 27.47
Nov 3040 28.24
Dec 3080 28.24

NOTE: § acres in area W,
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(map provided by Regional Board staff)
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Soil and Yield Sampling

S0il Sampling and analysis were conducted during October. Results are

summarized below:

pH 7
CEC{meq/100g) 10
Nitrogen (ppm) 2416
Phosphorous (ppm)} 55
Calciumk 73
Hydrogen 0
Magnesium 10
Potassium 13
Sodium 3

¥ Last five elements given as percent base saturation

6.3
: 9.0
2347
39
56.4
10.5
14.4
15.6
3.1

2761

b
.0 10.4
5 28.5
8 23.6
1 4.4
6 3.1

Analysis of the fly ash material is attached

Rod Shippey, U. C. Extension agent in Ukiah,
pasture yields at varying ash application rates.

summarized below.

LITTLE

VALLEY

A-3
g-:-s-tl
7.7

10.0
2347
71
§3.0
0.0
15.5
15.9
5.6

{cultivated)

Ash Application
{tons/acre)

0 {(control}

48
96
192
381
768

ALLEN

S PRINGS

Biomass Yield

{tons/acre)

3.44
4,88
6.40
4.77
9.42
3.47

2]
I
[y
oo
—-h =

* 8

214

[ I A =]

=DM OO

- [o)
LoD BBOWN

raen test plots to study
His data is

(hit a bare spot)

(topical application)

Ash Application -

(tons/acre}

0
4
8
16
32
64

‘Biomass Yield

{tons/acre})

1.39
1.88
2.24
2.42
2.17
2.11

Based upon number of bales and their weight, actual yield on

incorporated areas was estimated to be 3.0-3.5 tons/acre.
inspection by personnel from U.C. Extension,

Visual
the Regional Board,

and

Georgia-Pacific revealed excellent growth on both the treated test

plots and the operating areas and U.C.

far impressed with the results.

Extension staff have been so




.

MA )0 1987

REPOR1 _r MISCELLANEOUS ANALYSIS _ UNIVERSITY OF CALIFORNIA
F A - COQPERATIVE EXTENSION LABORATORY
Lab number:; D-86-M~898
County: MENDOCINO No. of samples : 2
Submitted byWYER/OSBORNE .
Date sampled: 1986 Date received : 10/13/1986
' Date reported : 03/17/1987
Identification: G P Fly Ash Trial ' Crop: Sub Clover
Samite #] Description fah | P | kK | B | G | & | @ | w | F | W | o | s | & | )
Aonual Grassland % % % % % 4 % pam pen pam pan pam A
Calc, on 100% Dry Basis
1 | Randan Smple # 1 9.5 0.20 1.37 0.2 1.3 0.4 ] 0.2 k) 12 668 52 704 1.45
2 " R ¥ 5.7 0.23 L2 0.23 2.00 0.45 0.12 43 12 700 &8 697 0.74

Checked and approved:

Cdi2z487 D
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' Georgi ific Corporation 90 West Redwood Avenue
rgiaPac po Fort Bragyg, California 93437
Telephone (707) 964-5651
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July 31, 1987 | ; 18— )
L ‘
CERTIFIED MAIL -
Return Receipt Requested bt VT .
P 236 628 671 il g
oF—2
Ms. Susan A. Warner i
Assoc. Engineering Geologist AR
California Regional Water 188 -
Quality Control Board L LA }uff
1440 Guerneville Road _ Ok Gd
Santa Rosa, CA 95403 S 4 é{’! A
vA: gvﬁ e
Dear Ms. Warner: . ﬂ&ﬁ

. ~
Enclosed is our proposed sampling and analysis plan for investigation of possible
dibenzofuran contamination of wood waste fly ash. Past experience and dis-
cussion with other interested parties will allow us to conduct this sampling
without the sampling problems encountered in our initial testing. There had

been hopes that we could conclude the testing early in the Fall, but the time
required for analysis (five weeks) has made this impossible.

I have discussed the issue of fTeedstock sampling with our Atianta staff and Ray
Whitmore of NCASI. We suspect that some chlorine would be found due to our
proximity to the ocean,but Mr. Whitmore feels that there is insufficient
evidence for any precursor compounds in wood wastes. The question arises as to
what utility this analysis will serve, even if suspect elements are discovered,
since the feedstock composition is largely beyond our control.

However, we are aware that you bhad requested such analysis. If you continue
to consider this as an important aspect of the study, please contact me and we
will discuss the issue further. If deemed necessary, we will promptly
incorporate feedstock testing into our plans. It is our intention to fully
cooperate with Board staff in this matter, we are merely quest1on1ng the need
for feedstock analysis under the current conditions.

Please feel free to contact me on this matter with any further questions or
comnents. We hope to have final approval of our plans soon so that sampling and
analysis of our fly ash may be quickly implemented and all questions of
contamination resolved.

Sincerely,

5 G A

Steven A. Petr1n, Director
Environmental Health and Safety

-California Wood Products

SP:1y Enc.




Wood Fly Ash Sampling and Analysis'Plan

Georgia-Pacific Fort Bragg July 30, 1987
I. INTRODUCTION: This plan is designed to obtain an accurate analysis

of the dibenzofuran content in wood fired boiler fly ash.
The foilowing procedures are proposed to gather a
representative sample of fly ash, +transport it to the
analytical laboratory for accurate analysis while
maintaining chain of custody documentation guaranteeing
" preservation of the sample,

IL. FLY ASH GENERATION: Georgia~Pacific’s Fort Bragg California Wood
' Production Plant Generates electricity and steam for process
requirements by operating a boiler which utilizes wood chips

and bark as a primary fuel. Incidental to the wood
combustion, =ash is formed and collected, wutilizing high
efficiency cyclonic air cleaners +to reduce particulate

emissions to the environment. This ash is commonly referred
to as "fly ash".

ITI. SAMPLING LOCATION: = The collected fly ash is stored in hoppers
under the cyclones and periodically dropped through valves
into trucks for transport off-site. Samples will be obtained
at the hopper discharge valve outlet prior to entry into the
truck beds. This will ensure an uncontaminated sample.

t. SAMPLING TECHNIQUE: 8pecially cleaned widemouth glass jars with
teflon lined caps will be provided by I-Chem Research or the
contract laboratory. Sampiing will consist of twelve
discrete samples obtained over a two week period, with only a
single sample obtained on any one day. Latex gloves will be

worn by the sampler and discarded after each sample is

obtained. All sampling implements will be cleaned with
hexane prior to each sample. The separate sample jars will
be shipped to the laboratory for blending to obtain three
composite samplez of four consecutive days each for analysis.

V. SAMPLE PRESERVATION: No unique or special preservation techniques
are required. Samples will be stored in sealed containers to
minimize sun light exposure and shipped to the analytical lab
using overnight package delivery.

vIi, SAMPLE TRANSPORT: Sample jars and the chain of custody documents
will be placed in a sealed container for shipment to the
contract laboratory. The container will either be hand

carried +to the contract laboratory by the sampler, or shipped
via Federal Express overnite delivery under their "Constant
Surveillance Service" (chain of custody).




t VII.

VIIY:

IX.

CHAIN OF CUSTO};_.The sampler will complet.e chain of custody

sheet, including the Federal Express air bill number if

applicable, and seal it inside the shipping container. The

container access will be sealed with suitable tape and the
container will be shipped or delivered to the contract
laboratory. The laboratory technicimn receiving the Federal
Express delivery will sign for the package and sign the
chain of custody forms to complete the chain. The forms will
be returned to - the Fort Bragg facility and will be kept on
file available for inspection.

CONTRACT LABORATORY: California Analytical Laboratories, Inc.,

Sacramento, California will perform the analysis. They have
been chosen because of a demonstrated ability to determine
dibenzofuran isomer content at extremely low concentration
during work performed for USEPA and the National Council for
Air and Stream Improvement {N.C.A.8.1.) and through
participation in USEPA Quality Assurance Programs.

ANALYSIS PLANNED: Sample preparation will be performed by

California Analytical Labs using proprietary procedures. The
quantitative analysis for tetra- through octa-chlorinated
dibenzofurans will be performed using low resolution
capillary gas chromotography/mass spectrometry (GC/MS). If
tetra- through hepta- homologues are detected, further
analysis using high resolution GC/MS will be performed to
determine whether the 2,3,7,8 substituted isomers are
present. The exact laboratory procedures including
calibration, quality control, sample extraction and
analytical methods are available from California Analytical
Lahoratories, Inc.

SCHEDULE:

Agency Approval of Plan - Week 0 AVG S -
Sampling Equipment Shipping 7
Sample Collection & Shipping
Sample Preparation - Week 5§
Completion of Sample Analysis - Week S ot %
Report Submittal - Week 11 ocr 22

b
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FROM:

RE:

REGIDNAL WATER QUALITY CONTROL BGARD
NORTH COAST REGION

Interoffice Communication

Frank Reichmuth CF- DATE: July 9, 1987

File: Beorgia-Pagific, Fort Bragg
Susan Warner Eg}’jj

Summary of meeting with GBeorgia-Pacific, regarding the ash disposal
problem

I met with Rod Shippey (Farm Advisor), Steve Petrin and Jack
Anderson (Both of G6-P) on June 18, 1987. We dizcussed the recent
dibenzofuran report for the ash analyses, and I indicated that
further work on 6-P's part would be nesded. 1 discussed analysis
of both the ash and of the feedstock. If this issue can be
resolved, then guidelines may be developed by the Farm Advisor's
office on rate of ash application and seed mixes appropriate for
use with the ash. Shippey’'s data indicated that low to medium
applications of the ash greatly enhance appropriatly-seeded plant
growth, but very high applications reduce growth.

I indicated that OGP could expect a letter from us shaortly
requesting additional work to resolve the dibenzofuran gquestion.




Fi
Press flv*-*“a%g’? u-

- GeorgiaPacific &
intracompany memo | %ECEE‘J’E&

o J.A. Anderscn focaton - arjanta -
5 011087
Wom  5,a, Petrin locaion  Fort Bragg RUS
e PRI AT AT
sWbeet  p1y msh Analysis dalg August 3, 1887 ENYIRONMENT
Jack:

The time involved to discuss our plans with local management
made it impossible to get this to you during last week. We
decided that another gingle composite sample would be basically
repeating what we did previocusly, thus placing "“all our eggs

in one basket" again. After we had decided to composite

several samples, I checked with Sue Warner and she confirmed
that a single sample would have been considered inadequate.

I currently don’t plan to make too much of a stink if she
requests again that we include feedstock sampling, ag we need

to get this rolling in order to get done at a reasonable point
in time. Let me konow if you have any guestions or comments.

=deve

s.p,

5p/sp
enc.

cc: D, Whitman/Ft. Bragg

GP 08




i cific Corporation 90 West Redwood Avense
Georgiata Fort Bragg, California 93437

Telephone (707 ) 964-5651

August 11, 1987

Mr. Benjamin D. Kor

CERTIFIED MAIL
Return Receipt Requested
P 317 147 336

‘California Regional Water
Quality Control Board

1440 Guerneville Road
Santa Rosa, CA 95403

Dear Mr. Kor:

GONTROL BOARD

REGION

MG12 87
B L8
Ny
TR AC 0 S
[Car o
Cw_ 0O
Cer___ 7.
O Dlamy
e v Py

Enclosed is the July 1987 report for the Georgia-Pacific
Soil Amending Project as per revised Monitoring and
Reporting Program 86-3.

Sincerely,

= ZA A

Steven A. Petrin, Director
Environmental Health & Safety
California Wood Products

SP:sp

Encl.
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I JULY 1987 REPORT

GEORGIA-PACIFIC CORPORATION

FORT BRAGG SOIL AMENDMENT MONITORING AND REPORTING PROGRAM NO.

Monitoring

86-3

Volume of ash deposited by week - Cubic Yards of Ash - deposited

July 01-04
05-11
12-18
189-25
26-31

Number of Treated Acres (Area A)

in Area A,

440
920
740
780
560

36.04 Acres

{includes 8 acres from winter stockpile)

Number of Treated Acres (Area W)

Daily Precipitation Measurements
July

W00 10O L N

5 Acres
PPT (Inches)
4]
0
o WAIER 4
0 GONTRO
0 R o
0 ) .
0 - R
0 T AV
0 I o
0 N =
0 L
Y I S —
) .
0 H i —- L ———
0 L T
g S I R =k
0.08 [ ey
0.04
0
0
1]
0
)]
0
0
0]
0
0

No Stormwater Runoff monitoring was conducted due to minimal

precipitation.
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STATE OFf CALIFORNIA GEQRGE DEUKMENAYN, Gorernor

~“4{IFORNIA REGIONAL WATER QUALITY CONTROL BOARD—
(. JRTH COAST REGION -

1440 GUERNEVILLE ROAD
SANTA ROSA, CA g4

Phane: (707) 876-2220 AECD AUG 1 2 1887
August 11, 1987

Me. Eilie Giovannoni
31251 Turner Road
Fort Bragg, CA 65431

Dear Ms. Giovennonds

Thank you for your letter of July 28, 1987, regarding the Georgis-Pacific sawmill fly
ash.  You asked whether Georgia-Pacific complied with our request for additional apalyses
of the fly ash swaste.

Georgia-Pacific submitted a plan for analysis of this waste on Februamry 27, 1987, We
requested revisions to the workplan on March 3, 1987, and Georgia-Pacific complied with
our request on March 13, 1987. Gecrgia-Pacific commenced sampling in April, and reported
on their resvlts en June 8, 1987.

Georgia-Pacific reported that the Isboratory (Fnseco-Cal Iab in Sacramento) found no
detectable polychdorodibenzodioxins, — However, the laboratory did report finding 0.23
ng/g (parts per billion) of the tetrachlorodibenzofurans, a somewhat similar group of
chemicals, in one semple of composited ash. Further analysis on thig same sample
indicates that a small portion of the 0.23 ng/g detected was in the form of
2,3,7 ,8~tetrachlorodibenzofuran. These levels are very low, as you can sSee, In order to
deterwine whether the detection of this small awount of the dibenzofuran compourds in one
sample is typleal for this mill, additional samples are being required., Accordingly,
this agency requested that Georgis-—Pacific subwit a new sampling and amalysis plan, and
the company complied on July 31, 1987 (enclosed). I have approved this plan with minor
modifications {also entlosed), and expect a final report from Gecrgia-Pacific by the end
of October, I hope this enswers your letter, and I will be glad to provide you
additional information 1f you have further guestions. :

Sincerely,

ORIGINAL SIGRED gy

Susan A, Warner
Associate Engineering Geologist

Enelosures

ce  Gerald Davis
Steven A. Petrin



STATE OF CALIFORNIA GEDRGE DEUKMEJIAN, Govemeor

. CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD—
NORTH COAST REGION

1440 GUERNEVILLE BOAD
SANTA ROSA, CA 98401
Phene: (707) 5752220

August 11, 1987

RECD AUG 1 2 1087

Mr, Steven A. Petrin

Director, Favirommental Health and Safety
Celifornia Wood Products

Georgia-Pacific Corporaticn

S0 West Redwood Avemie

Fort Drage, CA 93437

Dear Mr. Petrin

I received your proposed sampling znd anslysis plan for the polychlorodibenzofurans, and
have only a few comments. As we discussed on the telephone on August 5, 1987, samples of
the feedstock for the momitoring period should be obtained and held until the
dibenzofuran analytical results are available. If positive results are detected, then
the feedstock should he analyzed for chloride and total orgemic halogens.

If you will be holding the first samples until the twelfth sample is taken, then the .
samples should he refrigerated, at a mindmum,

The rtime schedule appears reasonable, and we will expect to see a report in this office
no later then October 23, 1987. Flease call me if you have any questions in this metter,

Sincerely,

f.?‘-'éa.w Loanrea.
.

Susan A, Warner
Associaste Engineering Geologist

ot Gerald Davis
Fllie Glovannoni




e haed

Georgla Pacific @ ‘Q Navi s

'lntracompany memo

to

fram

subject

Distrivution
J. A. Anderson logation Atlanta, GA
Ft. Bragg - Dioxin/Furan Study date August 25, 1987

The gttached informaticn is the latest in the dioxin/furan study on the
fly agh at Fort Bragg. The water quality agencies requested a second
analysis after the first composite sample of fly ash was found to have
undetectable levels of dioxin but very low levels of tetra furams.

For the second round, a sample of fly ash will be taken each day uneil
l2 samples are available. The 12 samples will be sent to a laboratory
for compositing into one sample. The amalysis will be for furans only.

1f£ the furams are present then a sample of wood fuel will be analyzed
for chloride and total oxrganic halogens. The value of the tests on the
fuel are certainly questionmable, but it was a point that we "traded".

Pleass note the second letter which is to Ellie Giovannoni, omne of the
two citizens that started the investigation.

JaA/ms
Distribution

G. D. Duyteon
P. Fetter
R. A. Horderxr
G. F. McCaig
D. L. Mobley
B. Zoffman

N\
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rgia-Pacific Corporation 90 West Redwood Avenue
Georg P Fort Bragg, California 95437

Telephone (707} 964-5651

WATER QUALITY

CONTROL"TURRD
REGION |
September 10; 1987
SEP 1187
CERTIFIED MATL [Jgy )R
Return Receipt Regueste
o317 147 325 IHo o) sw
@]
Mr. Benjamin D. Kor IS)i 0
California Regional Water I O
Quality Control Board O
1440 Guerneville Road (188
Santa Rosa, CA 95403 ; O Iaeply
R

Dear Mr. Kor:

Enclosed is the August 1987 report for the Georgia-Pacific
Soil Amending Projéct as per revised Monitoring and
Reporting Program 86-3. .

Sincerely,

S frbe )

Steven A, Petrin, Director -
Environmental Health & Safety
California Wood Products
SP:1v

Encl.




AUGUST 1987 REFORT
BEODRGIA-FACIFIL CORFPORATION

FORT BRAGE B8OIL AMENDMENT MOMITORIME AND REPORTING PROGRAM ND. B86—-3

in Area A.

August 01 80
02-08 ’ S00
09—-15 &HED
1a-—-22 &80
oy ] .
§Ej_~“;f fg:}: WATER QUALITY
- - CONTROL BOARD
Number of Treated Acres (Area f) 37.89 Acres REGION |
Number of Treated Acres (Area W) 5 Acres SEP11°87
| ] SN W S
Daily Precipitation Measurements FFI_tInches) Jal 0
August 1 o L 0
= 0 18T, ]
5 €
A o COw__ 0O
5 0 Iy |
5 o O3 Claty
7 Q
a2 0 M e Timue
7 [y
10 O
it O
2 o
13 (9]
14 o
15 <
14 ¥
17 O
i8 o
12 Q
20 O
21 O
22 Q
23 O
24 I
25 O
24 Q
27 Q
28 O
29 Q
= )
3t 0

Mo Stormwater Runoff monitoring was conducted due to only trace
amounts of precipitation.
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September 10, 1987

Mr. Steven A, Petrin ks

" Director, Envirommental Health md Safety

California Wood Products
Georyin-Pacific Corporation
90 ¥Wesit Redwood Avenue

Fort Bragg, CA 95437

Dear Mr. Petrin:

After inspacting the aren of tbeprcpomdashstockpﬂingm(whafollwbyaah .
incorporation), I find the area is within the site covered by your existing weste
discharge requirements, It is; however, near a streem tributary to Iittle Valley Creek,
We discuseed in the field steps which could be taken to stockpile ash in this area end

" not present 8 risk to vaber quality, Accordingly, please submit s brief plan outlining

the dradnage ditches, flageine, ete., which will be used to epsuve the ash i3 not placed
in ‘an erea which potenﬂally could diecharge to the tributsry or cther waters of the
State. - This information. ﬂhould be submitted prior to utilizetion of the avea this

vinter.

In a relsted matter, pléae M@mthiaofﬂceﬁmsé&dinglmmmmréd on the present
soil incorporated. areas, You- may iInclude this informetion with the self-monitoring
report for the month foniwing the seeding. Plaaae call me if you have any questions in
this matter.

Sincerely,

Susan A. Wamer
Associate Emgineering Geologist




Georgia-Pacific Corporation

90 West Redwood Avenue
Fort Bragg, California 95437
WATER QU ﬁf{ ffff]bane (707} 964-5651

CONTROL BOARD
REGICN !

September 11, 1987

Sugan A. Warner

P15 '87
K LiR0
o n ew

1o
ﬂaw

L

amendment in Little Valley.

I collected three samples
These were collected from
handlied polyethvlens scoop
jars. No special handling
resulte are as follows:

bATI

EF25/87
S/18s87
8r15/87

5,200
36,000
14,110

*dry weight basis

We
ash
or twice =&
gquite small.

wotil d

vear, &0

ke hope that there
cur plans. Please. contact me

Sincerely,

SSHEAL LTS

Steven A. Fetrin, Director
Environmental Health & Safety
California Wood Froducts

TR Ny

Ms.
—Talifornia Regional Water S T | g i iy L B
Buality Control Board 1 M.
1440 Guerneville Rd. T
Santa Rosa, CA 95403 Qe O — .
| ' 0156 CIneny sord u"”:, M
&P 0 P o
Dear Ms. Warner: UNERRRY: “Q"“ re ant
v‘l"" i .
24 HJ}
As per our earltier discussions, we have had pur "Alum FPond® 99
sadiments analyzed for aluminum to determine theitr wh&@7
appropriateness as & =il amendment. These sediments are
mainly composed of Ffine Ffly ash and should bave similar
properties to the material we are currently wsing as & soil

over a several wmonth time period.
the bank of the pond using & long—
and shipped to the lab in glass
was requested by the lab. Our

TILE (L) STLC{ppm)
0.52 0 —————
FH. 00 1,176
1.41 759.6

like to incorporate this material with the other fly
currently going to Little Valley.

We dredge this pond once

the relative ambunt of sludge would be

will be no problem with your approval of

if you have further guestions,
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Georgia-Pacific Corporation 90 Wes Redwood Avenne
Fort Bragyg, California 95437
Telephone (7107} 964-3651

WATER QUALITY
CONTROL BOARD

4

EGION 1
Septenber 28, 1987 | P25 87

(3 B 1] B

Ms, Susan A. Warner : ! [3 < w
California Regional Water [0 oY e
Quality Cantrol Board : , Al L e
1440 Guerneville Road — 0
Santa Rosa, CA 95403 et b ——
DOm0
Dear Ms. Warner: 3 — I —
[ — ) REPLY

As per ocur discussions of last week, I am providing additional inf 10N peg oy,
concerning our "Alum Pond" fly-ash sediments. In addition to the :
information earlier provided,we alsc had supernatant from the material

analyzed. The results were as follows:

DATE ' - Al. Concentration
3/23/87 0.17 ppm
5/18/87 0.15 ppm
8/13/87 0.41 ppm

I have enclosed a copy of results fram the last analysis so that you can
get an idea of concentrations on a wet versus dry basis.

So that a large amount of this material is not placed in a concentrated
mass at one location, we plan to dredge over a dispersed time periocd. We
have not finalized these plans, but at a minimum,dredging will occur twice
a year over a two to three week period. This would be a minimm dispersion
time, as we may opt to dredge more frequently, or even an a schedule
approaching continueus dredging. This will allow for a good mixture with
cur other fly-ash sources and thus keep alumimum at minimm levels in
materials going to Little Valley.

If you have further questions in this matter, please call me at 964-5651.

PN

Steven Petrin, Director
Environmental Health & Safety
California Wood Products

SP:db

cc: R. Shippey/Ukizh
Encl.




REC'D SEP 2 1 1987

Alpha lAnalytical Laboratories Inc. e 860 Waugh Lane, H-1, Ukieh, California 95482
: : {707) 468-0401

DATE COLLECTED _8_13-87

CLIENT _ georgia Pa
ADDRESS rgla Pacilic - - DATE IN LAR 8-13-87
Wegt Redwood COLLECTED BY ~ g. Petrim

SAMPLE TYPE Siydge

Fort Bragg, CA 95537
ATIN: Steve Petrin

LABCRATORY NO.: 7-4340
CLIENT 1.D. H Alum Pond Sludge

as received dry weight basis

soluble aluminum
(STLC) 519 760 mg/kg (ppm)

total aluminum ) _
(TTLC) 9,635 14,110 ng/kg (ppm)

aluminum in :
free liquid = 0.41 mg/L (ppm)

Alpha -
Analytical Laboratorles, Inc.
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- . RE BNAKABBRERUAUATY TEDEIU]N&UE[QBBQF{D
.. NORTH COAST REGION
(_ ; Interoffice Communication
TD: (1) Frank Reichmuth DATE: October 1, 1987

{2) FILE- Georgia-Facific Ash Socil Amendment

FROM: Suzsan Warner

RE: Inspection of the proposed new ash amendment site.

I inspected the proposed new ash amendment site with Steven Fetrin
and Dave Larkin of Geargia-Pacific, Thes site i=s to the south of
the temporary stockpile area of last winter, and is located within
the current waste discharge reguirements, with one minor

exception. A small grove af very voung redwood trees is outside of
the mapped area, and Petrin discussed using this area as well
during the winter of 19883-g9. It is lese= tham an acre in size, and
adjacent to the mapped area which is proposed for use. They may
not need to use the grove area. If so, 1 indicated that a new map
showing the addition should be provided to this office in order for
us to determine whether the change was substantive, requiring
modified waste discharge reguirements,

The area propose for use this winter is north of the 846-87
stockpile % cultivate area and south of the 85-B& C&& area. It is
immediately across the creek from the principle 8687 cultivation
{ area and Rod SBhippey’'s study area. The site iz al=o immediately
% sauth of the tributary which is currently being monitored, and
' stream protection measures would be advisahle. Ses attached sketch
for the exact location.

I discussed stream protection measures for the area o be used
during the winter of 1987-88 with Fetrinm and Larkin, including the
need to flag setbacks from the creek, and construct small drainage
ditches around the ash piles which carry swftace runcff away fram
the piles, rather than through them. The ditches would be directed
to a flat area where the runoff could spread out into the ripped
and plowed pasture. ‘
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FACILITIES INSPECTION REPOR

SWRCB 001 (NEW 6-87)

STATE OF CALIFORNIA @ L 5 . STATE WATER RESOURCES CONTROL BOARD

ADDITIONAL INFORMATION SHOULD BE ATTACHED TO ORIGINAL
(F:‘,—T WD5 NUMBER {Musr 11 digits)

2.WE OF AGENCY REE;O)N%E FOR DISCHARGE
. DKM Q&UQ Gt
3. DATE INSPECTION COMPLETED 4. NAME OF FACIITY -

‘ m_@e@a'%c dih oo/ dnedrg—

5. INSPECTION TYPE (Check One)

Al D A" type complionce-—Comprehensive inspection in which samples are taken.

B1 D 8" fype compliance—A routine nonsampling inspection.

02 D MNoncompliance follow-up—Inspection made to verify correction of a previously identified violction,

03 D Enforcement follow-up—Inspection made 1o verify that conditions of an enforcement action are being met.

o4 D éompluinf—!nspedbn made in respense to a complaint.

05 w Pre-requiremerd—Inspection made to gather information relotive to preparing, medifying, or rescinding requirements.

06 D Miscelluneoﬁs—Any inspection not mentioned gbove.

NPDES
6. PECTION BY 7. 15 EPA INSPECTION REQUIRED?
State State/EPA Joint . Yes No
8. DID YOU TAKE A BIOASSAY SAMPLE? 9. IF_A BIOASSAY SAMPLE WAS TAKEN, WAS IT:
Yes Mo Static Flowthrough
{ 10. INSPECTION COMMENTS SUMMARY-REQUIRED (100 Character Maximum)

gl e sl p R 1D i@ ARV LBER AT 17V S 17 e ] 1 1) )] ]

11. WAS THERE A VIOLATION? ) ’
D Yes {Complete violation form.} No Pending (e.g., lab resulis)

12. INSPECTOR'S
INITIALS

ADDITIONAL COMMENTS

L2 Lc wfbéﬂm:é

,_...,“

87 32495




L

- S INS Q; OoN_ COVER. _SHEET

DATE: .98’/‘2]/ g7
=

T0: (Senior Engineer)

Dennds Salisbury (for WDS computer input) 62;:;$4£1“_Sj_~‘h5”
File *G«P gl W%g M

FROM: (Inspector) $é>f¥1ﬁ0/

wps FacILITY 1o ko.:_\B RS Sﬁ@ﬁ’\f——?\}
FACILITY NAME: @*—’dm fa«cqﬁ.b Gt J%-/j Goreden D/

WAS THIS AN EPA lNSPECTIDN’ {Y/N): [E{ {append foram 3540-3 if Yes)

¥AS A BIDASS5AY SANPLE TAKEN?: YES or
IF "YES", WAS IT STATIC or ELOW-THROUBH {(please circle one)
DATE OF INSPECTIDN: 55; Zg 2 TIHE: Ck) INSPECTOR S lNITIALS:_jZﬂEjg)
FACILITY E?hLUﬁTIBH: ////’mp—‘m“:EEENszgﬂ
ack WDS violations input forl)

VIOLATION? (ati

o

SHORT INSPECTION COMMENT (check with your supervisor for a suitable forsat):

Aecoce L CKA

= ‘A" type cospliance inspection

‘B’ type comspliance inspection -+
- Follow-up for non-compliance
Faollow-up for enforcesent

- Complaint investigation

- Pre-requireaent inspection

- Miscellanecus inspettion

TYPE OF INSPECTION:

o e N
1

INSPECTING ABENCY: STRTE . EEDERAL ({(EPA) JOINT STATE/FEDERAL

SIBNATURE: Wx

Attach inspection narrative, sampling results, sap of facility, luabermill
checklist, and/or underground tank evaluation as appropriate.

Revision Date: 02/03/87




Georgia-Pacific Corporation 90 West Redwood Avenue
Fort Bragg, California 95437
« Telepbone (707 ) 964-5651

WATER QUALITY

Mr. Benjamin D. Kor
California Regional Water
Suality Control Board
1440 Guerneville Road
Santa Rosa, GA 95403

Dear Mr. kKors
Enclosed is the Septemb
Amending Froject as p

#8635, For vyour inftorm
weekend of September 29,

HFrdb

Encl.

October 10, 1987 REGION 1

ocT 1387
CERTIFIED MAIL

Return Receipt Requesﬁﬂi(._-—mmm-—-—
P o317 147 343 0o 3aw

g 8 .70
)| S I R
om— 53—
R Y T ) —

0§ ——— TIRepLY
r_] W TET Mlear

gr 1987 report for the Georgia-Facific Boil
g revised Monitoring and Reporting Program
stion, seeding occurred at the site on the
1987.

Sincerely,

oSt B

steven A. Petrin, Director
Environmental Health % Safety
California Wood Products




SEFTEMEBER 1767 REFORT
BEORGIA-FACIFIC CORPUORATION

FORT BRAGHD SO0OIL AMENDMENT MONITORING AND REFPDRTING PROGRAM NO. 86-3

in Ares A.
September 01-05 4890
Oh—12 _ HZ0
13-19 740
20-24 : 780
27-30 340
WATER QUALITY
CONTROL BOARD
Number of Treated Acres (frea &) 39.40 Acres REGION |
Mumber of Treated Acres (Area W) 5 Acres 0cT13'87
T e
Daily Frecipitation Measurements EEI_(Inches) et 0
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Mo Stormwater Runoff monitorimg was conducted due to lack of
precipitation.
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October 13, 1987
Lab ID: 31397

Steven A. Petrin
Georgla-Pacific Corp.
90 West Redwood Ave
Fort Bragg, CA 95437

Dear Mr. Petrin:

Enclosed is the report for the twelve fiy-ash samples for your G-P
Boller Ash Project, P.0. Number 15058 (MR~#01942) which were received at
Enseco-Cal Lab on 16 September 1987,

The report consists of the following sections:

1 Sample Description -

II  Analysis Request

II1 Quality Contrel Report

IV Analysis Results
No problems were encountered with the analysis of your samples,
If you have any questions, please feel free to call.

Sincerely,

Ml bl

Michael J, Miille, Ph.D.
Vice Prestdent

dme

2544 Industrial Boulevard
West Sacranento, California 95691
916/372-1393 Facsimile: 916/372.1059
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NP=Not Detect
- NA=Not Applic

Reported by:

The cover letter is an integral part of this report.
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POLYCHLORINATED FURANS
ISOMER SPECIFIC ANALYSIS

%J_Q_L__mg Georgia-Pacific Corp,

Lab I0: . 31397- 0090 Enseco {0: NA
Matrix: Soil Sampled: 09-Sep-87
- i 16-Sep-87 Prepared: 18-Sep-87
Sample Amount: 10.18 g
A er Result
Furans
Tetra (total) 0;15,
(2378) ND
Penta {total) ND
(12378) ND
{23478) ND
Hexa (total) ND
{123478) ND
(123678) ND
(123789) ND
(234678) ND
Hepta (total) ND
(1234678} ND
' (1234789} ND
Octa . (total) ND
cura
13¢-2,3,7,8-TCDF NA

Approved by:zﬁ%?¢1

Version 070187

Received: 16-Sep-87
Analyzed: 28-Sep-87
Detection
Units t
ng/g -

- 'ng/g 0.018
ng/q 0.054
ng/g 0,022
ng/g 0.024
ng/9 0.018
ng/g 0.23
ng/g 0.11
ng/g 0.12
na/g 0.11
ng/q 0.077
ng/g 0.077.
ng/yg 0.677
ng/g 0.54

%_Recovery

60

£
R=4

Enseco

rn
e

N AR LIRS = Lt s e
s e
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POLYCHLORINATED FURANS
ISOMER SPECIFIC ANALYSIS

13€-2,3,7,8-TCOF

HD=Not Detected
NA=Not Applicable

Reported by: DLB-

% Accuracy
NA

Approved by: :ﬁ??ﬁf

Georgia-Pacific Corp.
Ciient ID:  2A Composite
Lab10: 31397-005C Enseco ID: NA
Hatrix: Soil Sampled: 02-Sep-87 _ggglggg 16-Sep-87
- Authorized: 16-Sep-87 Prepared: 18-Sep-87  Analyzed: 28-Sep-87
Sample Amount: 10.10 g :
_ . Detection
Parameter Result Units Limit
Furans
Tetra (total) 0.13  ng/g -
{2378) ND - ng/g 0.022
Penta (total) ND na/g 10.095
(12378) ND ng/g 0.062
(23478) ND ng/g 0.064
Hexa (total) ND ng/g 0.040
(123478) ND ng/g 0.40
(123678} ND ng/qg 0.39
(123789} ND ng/g 0.50
(234678) ND ng/g 0.44
Hepta (total) ND ng/g 0.15
(1234678) ND - ng/g 0.15 -
(1234789) ND -ng/g 0.15
Octa_ (total) ND ng/g

0.083

% Recovery
53

The cover letter is an integral part of this report.
Version 070187
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POLYCHLORINATED FURANS
ISOMER SPECIFIC ANALYSIS

_ : . Amended
€lient Name: Georgia-Pacific Corp.
Client I0: 1A Composite : ) -
tab I1D: 31397-001C Enseco ID: NA )
Matrix: Soil Sampled: 28-AUG-B7 Recejved: 16-Sep-87
Authorized: 16-Sep-87 Prepared: 18-Sep-87 Analyzed: 28-Sep-87
Sample Amount: 10.25 g )

Detection
parameter Resuit Units Limit
Furans
Tetra (total) 0.14 ng/g -

(2378) ND ng/9 0.016
Penta (total) : ND ng/g 0.040
(12378) ND ng/g 0.014
. (23478) NO - ng/g 0.013
Hexa (total) _ ' ND ng/g ' - 0.010
(123478) ' . ND na/qg 0.087
{123678) ND ng/g 0.085
{123789) ND ng/g 0.088
(234678) ND ng/g 0.078
Hepta (total} ND ng/g 0.021
(1234678) ND ng/g 0.021
(1234788) ' ND ng/g 0.021
Octa (total) . ND - - ng/g 0.16
_ % Accuracy % Recovery
13¢-2,3,7,8-TCOF NA 63

ND=Not Detected
NA=Not Applicable

Reported by: DLB Approved by: W

The cover letter is an integral part of this report.
Version 070187

Py




PN

P

=

r

- POLYCHLORINATED FURANS .
ISOMER SPECIFIC ANALYSIS

Client Name: Georgta-Pacific Corp.
Client ID: Method Blank

Lab 10: 31397-MB Enseco ID: NA

Matrix: Soil Sampled: NA Received: NA
Authorized: NA Prepared: 18-Sep-87 - Analyzed: 28-Sep-87
Sample Amount: 10.0 g ;

_ Detection
Parameter Result Units Limit
furans
Tetra (total) ND ng/g 0.0041

“(2378) ND ng/g 0.0055
Penta {total) ND ng/g 0.023
(12378) ND ng/g 0.0068
(23478) ND ng/g 0.0084
Hexa . {total) KD ng/g G.0079
- (123478} - ND ng/g 0.040
(123678) ND ng/g 0.039
(123789} ND ng/g 0,041
(234678) _ ND ng/g 0,036
Hepta {total) ‘ ND ng/q 0.021
(1234678) ND ng/g 0,021
(1234789) : ND ng/g 0.021
Octa (total) ND . . ng/g 0,033
% _Accuracy % Recovery
13¢-2,3,7,8-TCDF NA 66

ND=Not Detected
NA=Not Applicable

Reported by: DLB Approved by: &ééth

The cover letter is an integral part of this report.
Version 070187
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I Sample Description -

Clfent ID __ “Matrix Date Sampled Containers

Lab ID
31397-001 1A " Fly-Ash  25-Aug-87 1-1Q7.- AB
-002 18 Fiy-Ash  29-Aug-87 1-1QT. AB
-003 1c . Fly-Ash  30-Aug-87 1-1Q7. AB
-004 10 Fiy-Ash  1-Sep-87 1-1QT. AB.
-005 27 | Fly-Ash  2-Sep-87 1-1QT. A8
-006 28 . - Fly-Ash - 3-Sep-87 1-1QT. AB
- -007 2¢ Fly-Ash  8-Sep-87 1-1QT. AB
-008 2D Fly-Ash =~ 8-Sep-87 1-1QT. AB
-009 Imw Fly-Ash  9-Sep-87 1-1QT. A8
-010 3B Fly-Ash . 10-Sep-87  1-1QT. AB
~011 3 . Fly-Ash  10-Sep-87 1-1QT. AB
-012 3D Fly-Ash  11-Sep-87 1-1QT. AB

The samp]es:weré received under chain-of-custody.

11  Analysis Request

The following analytical tests were requested.

Lab ID

Ané?ysis Description

31397-1 thry 12 Cia~Clg Furans

11l Qua]1tleontro1

A.

8.

C.

Project Specific QC. No project specific QC (i.e., spikes andfor
dupiicates} was requested,

Method Blank Results. A method blank is a laboratory-generated
sample which assesses the degree to which laboratory operations
and procedures cause false-positive analytical results for your
samples,

No target parameters were detected {in the method blanks associated
with your samples at the reporting 1imit Tevels noted on the data
sheets in the Analytical Results section.

laboratory Control Samples. An LCS is a well-characterized matrix
{bTank water, sand or celite) which is spiked with certain target
parameters and analyzed at approximately 10X of the sample load in
order to establish method-specific control 1imits. The LCS
results associated with your samples follow:
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Test: Dfoxin Solid LCS
LCS ID: 31397-MBMS = - _
Concentration Units: ngfg

Concentration Accliracy Precision
) R Measured % Recovery RPD

Parameter spike LCS1 LCS2 ICS1 LC52 Av. timits LCS Limit
2378-T€0D 10 1.3 -- 129 ~— - NC -—- NE
12378-PECDD - 10 0.98 ° ~- 98 = -~ NC -——- NC
123478-HXCDD 10 4,95 -- 85 ~ - NC ——— NC
1234678-HPCHD 10 0.94 -- 94 ~— -~ KC —_— NC
12345678-0C0D - 5p 6.9 - 137 -— - NE -— NC
2378-TCDF 10 1.2 -~ 119 — e= NE -— NC
12378-PECDF - 10 0.73 -~ 73 = -- NC R NC
123478-HXCOF 10 1.4 - 142 - - RC -—- NC
1234678-HPCDF " 10 1.3 - 127 = - NC - NC
12345678-0CDHF 50 4.8

-~ 96 = - NC -— NC
NC = not calculated _ _ :

Accuracy fs measured by Percent Recovery as in:
¥ recovery = (measured concentration) x ip0
: _ actual concentration)

Precision s measured using duplicate tests by Relative Percent Difference
(RPD)_as in:

‘RPD = -(% recovery test 1 -3 recovery test 2) X 100
{% recovery test 1 + ¥ recovery test 2}/2

Control Yimits for accuracy {percent recovery) are based on the average,
historical percent recovery +/-3 standard deviation units. Control limits
for precision (relative percent difference) range from ¢ {{dentfcal
duplicate LCS results) to the average, historical relative percent
difference + 3 standard deviation unfts. These control 1imits are updated
on & quarterly basis.

IV  Analysis Results

Test methods prefaced by "Enseco” indicate that minor modifications of
published EPA Methods were made such as reporting limits or parameter
Hists. Reporting limits are adjusted to reflect dilution of the sample,
when appropriate. Solid and waste samples are reported on an "as received”
basis: i.e., no correction is made for moisture content. All data is
"blank corrected” by subtracting the level of contamination, if any, found
in the laboratory method blank from the analytical result before it is
reported.

Results are on the attached data sheets.




aorqgia-Pacific Corporation 90 West Redwood Avense
Georg P Fort Bragg, California 95437

{” o Telephone (707} 964-5651
i
CONTROL BOARD
REGION |
0CT 23 '87
CERTIFIED MAIL Mg
Return Receipt Requested E]mz:r"
October 22, 1987 P 317 147 346 L p— - U
Fh e
Ms. Susan A. Warner []RL_"__[]_____
Associate Engineering Geologist (Om 0
California Regional Water —
Quality Control Board e ___
1440 Guerneville Road [y Cleepry
Santa Rosa, CA 95403 M, —_
A LAY TN

Dear Ms., Warner:

Additional samples of our powerhouse fly ash have been collected
and analyzed for chlorinated furans as you requested. As per
our approved sampling plan, we collected twelve discrete samples
over the period from August 28 to September 11. These were then
combined into three composite samples, of four discrete samples
each, prior to analysis. ‘

As you can see from the enclosed lab results, no 2,3,7,8 iso-
mers were detected and only very trace amounts of the other
tetra- isomers were found. We believe that this resolves the
contamination question and demonstrates the non-hazardous nature
of our fly ash. '

If you should have further guestions on thig matter, please call
me at 964-5651.

Sincerely,

S, B D

Steven Petrin, Director
Environmental Health & Safety
California Weood Products

EP:db
Encs.

cc: L, Ambrosini/Fort Bragg
J. Anderson/Atlanta
D. Jacobszoon/Fort Bragg
R, SBhoudldersg/Fort Bragg
D. Whitman/Fort Bragg




POLYCHLORINATED FURANS
ISOMER SPECIFIC ANALYSIS

- Amended
g}ignt Name: Georgia-Pacific Corp.
Client JD: 1A Composite -
Lab IB: 31397-001C Enseco ID: NA
Matrix: Soil Sampled: 28-AUG-87 Received: 16-Sep-87
Authorfzed: 16-Sep-87 Prepared: 18-Sep-87  Analyzed: 28-Sep-87
Sample Amount: 10.25 g
: Detection
P eter - Result Units Limit
Furans |
Tetra. (total) 0.14 ng/g -
(2378) ND ng/g 0.016
Penta (total) ND ng/g 0.040
(12378) ND ng/g 0.014
. (23478) ND ng/g 0.013
Hexa (total) : ND ng/g 0.01¢0
- {123478) ND ng/g 0.087
(123678) ND ng/g 0.085
(123789) ND ng/g 0.088
(234678) ND ng/g - 0.078
Hepta {total) . ND ng/g 0.021
(1234678) ND ng/g 0.021
(1234789) ' ND ng/g 0.021
Octa (total) _ ND ng/g‘ 0.16
% _Accuracy %_Recovery
13¢-2,3,7,8-TCDF NA 63

ND=Not Detected
NA=Not Appliicable

Reported by: DLB Approved by: Mﬂ

The cover letter is an integral part of this report.
Version 070187
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POLYCHLORINATED FURANS
ISOMER SPECIFIC ANALYSIS

Georgia-Pacific Corp.

2A Composite
31397-005C
Soi} .
16-Sep-87

Sample Amount: 10.10 g

Parameter

fl.l[:ﬁn§

Tetra (total)
(2378)

Penta (total)
(12378)
(23478)

Hexa (total)
{123478)
(123678)
(123789)
(234678)
Hepta (total)
(1234678)
(1234789)

Octa (total)

13¢-2,3,7,8-

TCDF

ND=MNot Detected
NA=Not Applicable

Reported by:

pDLB

Enseco [0: NA
Sampled: 02-Sep-87
Prepared: 18-Sep-87

Result

0.19
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

% Accuracy
NA

-

- Recejved: 16-Sep-87
Analyzed: 28-Sep-87

Detection
Units —Limit
ng/g -
ng/g 0.022
ng/g 0.095
ng/g 0.062
ng/g 0.064
ng/g 0.040
ng/g ¢.40
ng/g 0.39
ng/g 0.50
ng/g 0.44
ng/g 0.15
ng/q 0.15
ng/g 0.15
ng/g 0.083
% Recovery
53

Approved by: fﬁé?ﬁf

The cover letter is an integral part of this report.

Version 070187
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v POLYCHLORINATED FURANS
¢ ISOMER SPECIFIC ANALYSIS

€lient Name: Georgia-Pacific Corp.
¢iient ID:  3A Composite -
Lab ID: 31397-005C Enseco JD: NA

Matrix: Soil Sampled: 09-Sep-87 Received: 16-Sep-87
Authorized: 16-Sep-87 Prepared: 18-Sep-87 Analyzed: 28-Sep-87
Sample Amount: 10.18 g
' Detection
Parameter : Result Units —Limit
" _
Tetra {total) ' 0.16 ng/g -
(2378) ND ng/g 0.018
Penta (total) : ND ng/g 0.054
(12378) ND ng/g 0.022
(23478) ND ng/g 0.024
Hexa (total} ND ng/g 0.018
{123478) NO ng/g 0.23
{123678) . WD ng/g 0.11
{123789) ND ng/g 0.12
(234678) KD ng/g 0.11
Hepta (total) - ND ng/g 0.077
{1234678) ND ng/g 0.077
(1234789) : ND na/g 0.077
( Octa (total) ND ng/g 0.54
% Accuracy % Recovery
13C-2,3,7,8-TCDF NA €0

ND=Not Detected
NA=Not Applicable

Reported by: DLB ~ Approved by: 4@%’[

The cover letter is an integral part of this report.
Yersion 070187
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COOPERATIVE EXTENSION . County of Mendocino

‘PNIVERSITY OF CALIFORNIA Co. Agricultural Center
T Courthouse
. : Ukiah, CA 95482
707~463~4495
Date:
To: ]
D Per your request DYour suggestions
v D For your information Your approval
[:} Your files D Your action
Message:

AP » e
Roderick A. Shippey '
Livestock Farm Advisor :

In occordance with applicable Federsl laws and University polley. the University of California
does not discriminate in any of its policies, procedurss or practicas on the basis of roce,
religion, color, national origin. eitizenship, sex, marital ststus, ssxus! orientation, sge,

vateron ststus. medical condition <as defined in section 12926 of the Cslifornie Government

Code) or handicap. Inquiries regarding the University’s aqual opportunity policies may be
) directed to the Personnel Studies snd Affirmstive Action Nenager, Agriculture and Netural
{ Resources, 2120 University Avenue, Berkeley, €A 94720, (415) 644-4270.

University of California and the United States Depertsent of Agriculture cooperating




VIRIER DURLTY

; . . CONTRAL BOARD
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0T 2'87
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FLYASH, A WOOD WARSTE AND ITE EFFECTS AS A FERTILIZER O EG
AND GRASSES, A FIRST YEAR REPORT. ]
R-.A. Shippey, R.Meyer,; Dow Jacabszoon £3 T 0
University of California Cooperative Extension ———————
Georgia Pacific—Ft.Bragg Ca. M

Lies

Fiy ash from the Geargia Pacific Ft,Bragg saw mill 15 & “WEB£;~—~——
praoduct From the co—generation boilers where saw mill as*BEEMHy
utilized as fuel. [ M

Eeing bDlack and very Fine, Fly ash stoeck piles would blow

as the surfaces dried out. This caused problems with neighboring
homeowrners wha filed complaints with the hezlth departm%gégggf
California State DeportmErt—o Water Guality Cantrol me
interested im fly ash as & possible stresm arnd ground water
contaminant and placed a Clean—Up and ﬂﬁﬁ%ﬁ%’hrder on  Geaorgia
Pamific Corporation to stop Turther disposal at their original
site o = ranch north of Ft. Bragg California.

Seorgia Pacificl's boilers produce the electricity to run  their
Ft.Bragg mill and alsc sell suwrplus power to P.G. &E.

Sue PiLeary, Georgia Pacific'’s waste disposal marmager worlked with

Califormia Water Quality Control Baard inspector, Sue Warner and

set up a test area plan for the Secargia Pacific propeyrty, Little
Yalley, east af Ft.Bragg. Twa test plots were initiated in Lidttle

Valley. -

Sue @’Leary cantacted the University of California Cooperative

Extension office in Ukiah foer help. UECE socils specialist Roland

Mover from UCDavis and UC soils fertility ressarcher Milton Jomes
fram the UC Hopland Field Station were brought im ta review the

prapased 48@ acre Little Valley site. They met met and drew up an

acticowm plam to test different rates of fly ash scil treatments on

pasture plants, subterranean colover, and twe  grasses—Palestine
crchardgrass and peremmial ryegrass..

Farm adwviser Red Shippey was the liasocn fer University of
California specialists, Mendocing  Caungy Health Department,
California Jdeetref Water Quality Comtroifyand Georgia FPacifice.

The BGOALS OF THIZ PROJECT WERE:
1. Recogmize the problem.
Z.Meat with the invalved agercies ta coordinate research plots.
3.Chemically analyze the fly ash for s¢il nutrient content.
4.Apply fly ash to the test plots in two ways:

alPlaw down ash using a 5 garg 32" disk plow.

B)Topically apply fly ash ta existing clover—grass pastures.
. 5eaed plow down pglot with a clover~grass mixture.
B. Construct arn electric deer fernce arcund plowdown plab.
7.U0bserve plats during growing seasan.
8. Harvest plats and amalize data far three years following plot

k]




initiatian.
F. Mownitor plot soil pH and nutrient levels for three years .

2785-87
Three plots were estahlished in 1388,

Geargia Pacific's Little Valley plots— pH 8.3

Scil Series: Shinglemill . -

3.8 miles novtheast of Ft. Bragg Califormnia. Township 13
North, Range {8 West, Northwest }/4 of the Northwest 1/4
of section 23, )

1. Plowdown plot—ratesg: 0O0-48—-3F6—152-384-

788 tons/acre.

2. Tapical plot raites: @—-4-8—-16—-32-64 tons/acre.

RAlan Spring's plot~ pH 5.3
S01L SBERIES: Young Marine bench. ‘
374 mile north of Yan Damme State Park.Towrnship 16 North
Range 18 West, the Southeast 1/4 of the Northwest 1/4 Section 6.
2. Tepical plot rates: @—5-8-16-32-64 tons/aecrea.

Eee apperdix for soil and fly ash analyses data.

RESULTS: (TONS/RCRE)
CLOVER HAY

PLAOT AMT FLY ASH/ARCRE PRODUCTION/ACRE
a. P,
INCORP. Check @ .44 t7a

ad 48 £/ a ; 3.88 t/a

» 26 t/a 5.4@ t/7a

”* 192 t/a 4,77 t/a

d 384 tra F.a2 /2

» 788 t/a 3.47 t/a
G. .

TGRICAL Cattle grazed the plot -no data 1988-87

PLOT
RLAM BPRING

INCORPORATION Check @ 1.4 t/=a
" 4 t/a 1.9 tra
" 8 t/a Z.2 t/a
» ' 18 t/a 2.4 t/a
» 332 tra 2.2 tr/a
- : 64 t/a 2.1 t/a

FLY ASH HANDL ING SUGGESTIONS:
1. Wear goggles and respirateor whem handling fly ash.

Z.Haul fly ash with a tarpaulin covering the load.

3.Wet the tap of the laad before covering with a tarpaulin.

o




4. Topircal applications should be dorme anm a 3"—-4” stubble to
stap blowing until the ash is stabilired by rain.

¥. Fly ash over 32 tons per acre should be plowed dawn .
'THIS PROJECT WAS MADE POSSIELE THROUGH THE COOPERATION OF:

Dow Jacebszoon Sue Q'Leary, Jocaguin Ponts, Eino Fresman, Steve
Patrin, David Larkin,Lee Rassavick, Dennis Osborn, Sus Warner.,

(5]
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October 23, 1987

Stave Petrin o

Director, Envirommental Health
and Sefety :

California Wood Produets .. -

Georgla~Pacific Corporation

90 W. Redwood Avenus

Fort Bmgg, CA 95437

Pear M, Petrim

I have reviewad your request to mtheashdredgingafmttmalmpondinwiththe
routine ash treatments at Ifttle Valley, Your scheduling of dredging should not occur

" when ash meterials would be stockpiled, allowing ¥or the dredgeéd aluminum-rich material

to be isoleted and not well mixed with the other ash scil amendment material. Otherwise,
the propesel to use the ash from the alum ponds slong with the other ash at

Georgla-Pactfic for a soil emendment in accordance. with your little Valley Waste

Discharge Requirements nppeurs appropriate.

The levels of mobile almimm _ghould mtemeedlﬂmg/linthempﬁ‘mtam(mdymv
submitted data 1indicates thst the levels are generally two orders of magnitude less than
10 ppm}. You may wish to dipcuse with your farm advisor potential cropping affects from
phytotoxicity . of alumimwm dn highly scid sotls, Your monthly menitoring should report
when alum pond ash- wag incloded in the routine ash treatments, Your self-monitoring
should also - include soil analyses {for your ennual report) indicating representative
pre-treatment and | ‘post-treatment levels of alubinum, This additional monitering may be
reduced mbseqmtly 1f the first yesr's data indicates inzignificant differences, In
additicn, nm@lﬁmwmﬁdﬂuwdm&mWMmimmma
may carey levels of alumimyn which couldaffectbmeﬂcialusasefgmmdormface

’ Amters..
Simerely,
Suman A, Warney
Aspociste Engimering Gmlogiat;
Enclosure




TOXICOLOGICAL PROFILE REPORT
FOR
2,3,7.8-TCDD

Date Published — November 1987

Prepared by:

Michael W, Neal and Dipak K. Basu..
Center for Chemical Hazard Assessment
Syracuse Research Corporation
Syracuse, NY 13210

Contract No. §8-03-3228
Task 53
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6. ENVIRONMENTAL FATE

6.1 OVERVIEW

The important sources of 2,3,7,8-TCDD in the environment are
production and use of certain harbicidas and chlorophenols, incineration_
of municipal and industrial wastes, and improper disposal of chemical
wastes produced during the manufacture of 2,4,5-trichlorophenol; 2,4,5-
T, and related herbicides, hexachlorophene, and chlorinated benzenes.
The fate of 2,3,7,8-TCDD in the environment is not clearly understood.
It appears that particulats-bound 2,3,7,8-TCDD in the air may undergo
photolysis and may be removed by wet and dry deposition. The half-life
of atmospheric 2,3,7,8-TCDD {s such that 2,3,7,8-TCDD can be transported .
long distances in the alr. The ultimate sink of airborne 2,3,7,8-TCDD is
sediments of surface waters. The two processeés that are likely to remove
2,3,7,8-TCDD from water and soils are vaporization and photolysis. The
estimated haif-life of 2,3,7,8-TCDD in surface water is >l year, and the
ultimate sink of aquatic 2,3,7,8-TCDD is sediments. The bicconcentration
factor of 2,3,7,8-TCDD in the fathead minnow (Pimephales promelas) is
7900 to 9300, 2,3,7,8-TCDD is immobile in most soils, but horizontal
movement of soil-bound 2,3,7,8-TCDD may occur in runoff water during
flooding, As observed in Seveso, Italy, minimal vertical movement may
oceur in soils containing low organic matter. The estimated half-life of
2,3,7,8-TcDD is 1 to 3 years on soil surfaces and 10 to 12 years in the

.interior of soils. Although not accumulated, the level of 2,3,7,8-TCDD

absorbed in parts of plants underground is of the same order of
magnitude as in soil, but the aerial parts of plants contain 350% lower
concentrations.

6.2 RELEASES TO THE ENVIRONMENT

Although the following paragraphs discusé the sources of 2,3,7,8-
TCDD in the environment, the sources responsible for its background
levels are not clear.

6.2.1 Production and Use of Certain Herbicides and Chlorophenols

The phenoxy herbiecide 2,4,5-T produced prioer to 1960 contained up
to 100 pg/g 2,3,7,8-TCBD. The level of 2,3,7,8-TCDD in commercial
2,4,5-T has been reduced in recent years to <0.1 ug/g, and most
commercial 2,4,5-T available today may contain <0.02 ug/g 2,3,7,8-TCDD.
Agent Orange, a 1:1 mixture of butyl esters of 2,4,5-T . and 2,4-D ’
produced before 1970, contained 0.02 to 54 pg/g 2,.3,7,8-TCDD.
Hexachlorophene, a germicide manufactured from trichlorophenol, contains
0.2 to 0.5 ng/g 2,3,7,8-TCDD. 2,4,6-Trichloro-, 2,3,4,6-tetrachloro-,
and pentachlorophenol were found to contain <0.1 pg/g other tetra
isomers but no 2,3,7,8-TCGbD. 2,3,7,8-TCDD was detected at a
concentration <1 ng/g (2,3,7,8-TCDD detection limit of 0.03 ng/g) in all
samples of sodium pentachlorophenate, 2,3,%4,5-tetrachlorophencl, and
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hexachlorophene, 2,4,5-Trichlorophenol, on :the other hand, contained up
to 6.2 pg/g 2,3,7,8-TCDD. Sinilarly, diphenyl ether herbicides were
found to contain other tetrachloro izomers but no 2,3,7,8-TCDD (EPA
1985b, RSDB 1987, Rappe 1984, Hagenmailer 1986, Weeren and Asshauer
1985). From the analysis of sediments of a western Lake Ontarilo site,
Czuczwa and Hites (1986) concluded that the likely source of
tetrachlorodibenzo-p-dioxins was a pentachlorophenol production
facility. The analytical method used, however, could not distinguigh
2,3,7.8-TCDD from other tetra isomers.

6.2.2 PhOtochenical Reactions

The photochemical reaction of phenoxy herbicides has been found to
produce polychlorinated dibenzo-p-dioxins through photodechlorination
and subsequent condensation reactions; however, this procesas does not
produce 2,3,7,8-TCDD (Rappe 1984). Lower substituted dibenzo-p-dioxins

;are also formed during photodechlorination of higher chlorine-

substituted dibenzo-p-dioxins. Trace amounts of 2,3,7,8-TCDD were
observed from the photodechlorination of both 1,2,3,6,7,8-hexa- and
1,2,3,7,8,9-hexachlorodibenzo-p-dioxin (Buser 1979).

6 2.3 Thermal Reactions

Small amounts of 2,3,7,8-TCDD have been detected in the flue gases
from municipal incinerators. From the experimentally determined
concentrations in flue gases of five aunicipal incinerators, the maximum
average concentration of 2,3,7,8-TCDD in ambient air at ground level was

_estimated as 38 fg/g. Incineration of- industrial wastes containing

2,4,5-T salts and esters, polychlorinated benzenes, and chlorophenoxy
ethers also produced 2,3,7,8-TCDD (Rappe 1984, Barnes 1983). Upon
arialysis of sediments from Saginaw Bay, Saginaw River, and the Great
Lakes, Czuczwa and Hites (1984, 1986) concluded that the source of
tetrachlorodibenzo-p-dioxins was incineration, although the analytical
method used was unable to separate 2,3,7,8-TCDD from other tetra
isomers. Combustion of coal did not produce 2,3,7,8-TCDD at a detection
limit of 1.2 ng/kg (HSDB 1987), but burning of woods did produce 0.63
pg/kg 2,3,7,8-TCDD (EPA 1985h). Exhausts from automobiles powered with
leaded pasoline were reported to contain <0.05 to 0.3 ng 2,3,7,8-
TCDD/24.8 km, but no 2,3,7,8-TCDD was detected in exhausts of
automobiles powered with unleaded gascline (Marklund et al. 1987).
Accidental fires involving capacitors or transformers containing
chlorobenzene will also release 2,3,7,8-TCDD to the environment. An

‘example of such a contamination is the State Office Building in

Binghamton, New York.

6.2.4 Improper Disposal of Chlorinated Chemical Wastes

Improper disposal of certain chemical wastes produced during the
manufacture of 2,4,5-trichlerophenol, 2,4,5-T, and related herbicides,
hexachlorophene, chlerinated benzenes, etc., may be a source of
2,3,7,8-TCDD in the enviromment. Examples of such improper disposal
leading to the contamination of the enviromnment are the Love Canal,
Niagara Falls, New York, sites where 2,3,7,8-TCDD up to a level of 672
pg/kg was detected. Similarly, several sites in the state of Missouri
were contaminated with up to 1750 pg/kg 2,3,7,8-TCDD (Tiernan et al.
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1985).

6.3 ENVIRONMENTAL FATE

The fate of 2,3,7,8-TCDD in air, water, and soil is not understood
with certainty. Although some experimental efforts have been directed in
recent years to elucidate its fate in different media, a substantial
data gap exists in this area. In afr, 2,3,7,8-TCDD is likely to be
present predominantly in the gas phase; The two lmportant processes that
may remove 2,3,7,8-TCDD from the atmosphere are photochemical
degradation and wet deposition. Even an estimate of the atmospheric
half-1ife of 2,3,7,8-TCDD is not available. On the basis of
photochemical experiments with 2,3,7,8-TCDD coated on silica gel, the.
half-life of atmespheric particulate 2,3,7,8-TCDD may be a few days. The
half-life of atmospheric gas-phase 2,3,7,8-TCDD may be higher than
particulate 2,3,7,8-TCDD. The lifet{me of atmospheric 2,3,7,8-TCDD is
such that it can be transported long distances in the air. The ultimate
environmental sink of alrborme particulate 2,3,7,8-TCDD-is likely to be
sediments of surface waters (Eitzer and Hites 1986 Czuczwa and Hites
1986, Choudhry and Hutzinger 1982)

- The biodegradation of 2,3,7,8-TCDD in water is probably slow. The
two processes that may be important for the removal of 2,3,7,8-TCDD are
volatility and photodegradation. Although the photolysis of 2,3,7,8-TCDD
in hydrogen-donating sclvents 1s a fast process, a suspension of
2,3,7,8-TCDD in distilled water showed no appreciable photodegradation.
In natural waters, the presence of small amounts of hydrogen-donating
substrate or the presence of photosensitizers may account for its =
observed photodegradation; however, the photochemical degradability of
2,3,7,8-TCDD in water, as provided by model ecosystem studies
{Tsushimoto et al. 1982, Matsumura et al. 1983); has not provided
definite evidence through mass balance that the observed loss of
2,3,7,8-TCDD attributed to photolysis was not due to its sorption on
sediment and biota. The photodegradation is usually a dechlorination
process leading to the formation of tri- and dichlorinated dibenzo-p-
dioxins. In sediment-containing lake water, the estimated half-life of
2,3,7,8-TCDD is >1.5 years. In lake water alone, the estimated half-life
is >l year. The ultimate sink of aquatic 2,3,7,8-TCDD is the sediment.
Recent flow-through experiments with fathead minnows (Pimephales
premelas) have shown that the bioconcentration factor for 2,3,7,8-TCDD
in this species is 7900 to 9300 on a wet weight basis (EPA 1985b, Adanms
et al. 1986).

2,3,7,8-7CDD 1s éxpected to be immobile in most soils by irrigation
and rainfalls. A downward movement of 10 cm in 12 years was observed
with soil from Eglin Air Force Base. Although 2,3,7,8-TCDD usually does
not leach through soil, leaching is possible in rare instances from
soils of very low organic carbon content as a result of 2,3,7,3-TCDD
solvation with organic solvent or biotic mixing by earthworms or other
soil invertebrates, A white rot fungus (Phanerochaete chrysosporium) has
been shown to degrade 2,3,7,8-TCDD. This biodegradation does not occcur
significantly in natural soils, probably because of the lack of this or
other degrading microorganisms. Both volatilization and photoreaction
may remove some 2,3,7,8-TCDD from soil surfaces. The photoreaction on
soil surfaces can be greatly enhanced by the presence of hydrogen-
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donating substrates (e.g., olive oil or-arachis oil) in soil. The’ ) -
phoetoreaction will be insignificant beyond the surface soil layers. The
- estimated half-life of 2,3,7,8-TCDD on soil surfaces is 1 to 3 years,

- but the half-life in the interfor of soil may be 10 to 12 years (EPA :
1985b, Freeman and Schroy 1986, Bumpus et al, 1985, HSDB 1987). , 5

2,3,7,8-TCDD present on leaves of plants as a result of spraying
herbicides will photolyze with a half-life of 2 few hours. The chemical
is absorbed by higher plants and is probably translocated, but it is not
-accumulated. The absorption by underground parts may be at the same
level as soil, but. the aerial part contains -50% lower concentrations )
(Choudhry and Hutzinger 1982, Sacchi et al. 1986).
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State of California

~ Memorandum

To :  James Baetge, Chief | Date : November 2, 1987
Division of Water Quality
State Water Resources Control Board

From

Subject:

This Regional Board reviewed the waste characteristics of fly ash generated at a
wood-fueled power plant operated by Georgia-Pacific Corporation in Fort Bragg, and
determined that the waste was suitable for use as a scil amendment under waste
discharge requirements pursuant to Subchapter 15 Section 2510(f). This
determination was based on a {finding that the ash was non-hazardous and
decomposable, and would not threaten water quality if used as a soil amendment
pursuant to best management practices. Subsequent to our determination, new
information on the waste characteristics of the ash became available. This new
information includes laboratory - results on the polychlorodibenzofuran and
polychlorodibenzodioxin content of the fly ash, No dioxins were found, but some
tetrachlorodibenzofuran was detected in samples of the ash. The levels of
tetrachlorodibenzofuran present in the ash are low, and range from 0.1%4 — 0.19 ng/g

(parts per billiom).

It may no longer be appropriate for the ash to be used as a soil amendment, and the
ash may need to be considered a designated waste pursuant to Subchapter 15. We
would appreciate any technical support you may be able to provide on this matter,
particularly an assessment of the levels found in the ash and the potential risk to
wvater quality posed by these levels. Please contact Susan Warner of my staff if you
require further information, We look forward to hearing from you on this matter.

SAW:mkh
Attachments
cc: Steve Petrin

Jerry Davis
Ellie Giovannoni
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" November 2, 1987

David J. leu, Chief -
Alternative Techmlagy a:nd Policy
Developoent Section .
Toxde- Subistances Control Division
Department. of Heslth Services

1219 K Street
" Sacremento, C& 95814

‘Dearﬂr.lﬁu:v ,
Some timeagowemnmwdymmgarﬁmthemstechssiﬁmtimofﬂymgmat

a wood-burning power plant operated by Ceorgie-Pacifie Corporstien in Fort Brags. At
that time, the fly ash was suspectad of being contamdnated with octachlorodibenzodioxin
(OCD). You reported to #s in the attsched letter that the OCUD isomer was thought to be.
noncarcinogenic and: less toxic by far then the 2,3,7,8-T0M1 feomer, and that the

- designation of the fly ash as non-hazardous waste was still appropriate. Subsequently, .

this Bosrd requested. Gaorsia—-?aciﬂc semple the ash for polyehlarinsted dibenzodicxine
and dibenzofurans. The remltsoftheseanalymmezmdled You will note that no
dicxina were detected, but. that tetrachlorodibensofurens were found., These materials
were fourd at va‘ylmlevels.mﬁﬂwkegiwaimxﬂdaeamtbdimtbatthemlts
warrant reclasgification of the ash as & hazardous westa. However, we are informing you
of theaeresaﬂtsinmemtmatywragmcymyvishtomiewﬂxedataandrecmsidar
the waste classification.

The waste 1is currently classiffed as a non-hazardous dacomposable waste under Section

- 251(f) of Subchapter 15 of Title 23 of the Californis Muministrative Code. However,
these recent results may vequire the Regionsl Board to reconsgider the spplicability of

thiz waste a8 decomposable and cuitable for use ss g soil emendment, We are currently
reviewing this new fiiformation to determine vhether the waste is a degignated waste, a
nor-hezardous selid waste, or sn inert waste pursuant to Subchapter 15, and will be
coordinating our decision in this metter with the Stave Water Rescurces Contral Hoard,

Sincerely,

Susan A, Warner
Associate Fngineering Geologist
cct  Steve Petrin - |
Jerry Davis
Ellie Glovanponi




r ia-Pacﬂic Corporation 90 Weir Redwood Avenue
Georg po Fort Bragg, California 95437

Telephone (707) 964-5651

WATER QUALTY
GONTROL BOARD
REGH-

" November 4, 1987 NGV 1687
CERTIFIED MAIL O#— 1 a'»*;@
Return Receipt Requested : Oy —— 0 Al
P 317 147 349 2FR e O .22

| 7 1 R
Mr. Benjamin D. Kor ¢ _ w3y
California Regional Water : 1 g »

Quality Control Board
1440 Guerneville Road (3 Ldnery
Santa Rosa, CA 95403 M, - et

Dear Mr, Kor:

Enclosed is the October 1987 report for the Georgia-Pacific Soil
Amending Project as per revised Monitoring and Reporting Program
86-3. Also enclosed is a sketch map of our winter storage area
as requested by Ms., Warner. A small amount of ash has been
deposited there.

Sincerely, ég%;%;;:::>

Steven A, Petrin, Director
Environmental Health & Safety
California Wood Products
SAP:db

Encl.
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OCTOBER 1987 REFORT

SGEORGIA-FACIFIC CORFORATION

FORT EBRAGG

Q1035
V3 - 1900
1i~1/
18-z4

2531

ctober

Numbrer of Treasted Gores (Area )

Numb:err of Treated Acres {(Grea W)

Octobor

SOIL AMENDMEMT MONITORING AND REPORTING

{400y
880
tsin
580
760

FET

FROGRAM NO. 86-3

deposi ted
in Area A&
and stackpile.

WATER CuauTy
CONTROL B0ARD
PEGION |
NGV 1 & 87
_ ' N I N
v, _ S D N
o I, e

)

Q o

40, 70 fAcres

5 fcres

{lnches)

o LI ]

2] Cim__ [ )
0o CIiG . T repLy

0 i-—!-".‘. T
[ 8]

O

] -
o

0

Q

o

(]

0

O
0
0. 24

o

o
o
)
0. 48
0.02
Q
Q.
.17

No Stormwater Runoff monitoring was conducted due to minimal

precipitation.




UNIVERSITY OF NEVADA-RENO

Department of Biochemistny
Universing ot Nevada-Reno
Rena. Nevada 45370014
3702 TE4-A051

Nov. 10, 1987

Dr. Cate Jenkins

MD-WH5628

Office of S0lid Waste Emergency Respouse
U«.S. Environmental Protection Agency
401 M. St. S.W.

Washington D.C. 20460

Dear Cate,

Richard Zepp informed me of the Greenpeace memorandum regarding our
presentation at the Dioxin '87 meetings in Las Vegas. I'm enclosing the slides
of that presentation, an abstract, and also a repriant of the dioxin chemistry
article that came out of the ACS symposivm. I am in the process of writing up
the OCDD to TCDD work for the Chemosphere symposium publicaton and will send you
a prepublication copy when it is completed.

TN,

Sincerely,

Glenn’ C. Miller,
Associate Professor

The Schanl ot Mesticzne o the Coblege of Agrnuliaze. which wemh spoaswr 1the Depaciment of Buahempee are Eyquzl Qppurtaiey/ Affirmaniec Aot employers aad do pot divriminate on the ban of e schigon
wlir wx age nitunal vrgin vetetan statws of handicep in the eduaanmal progams oe am of the Jasmics wimh they upetate.
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Photolyais of Octachlorodibenzo-p-dioxin on Soils- Production of
2,3,7,8~-TCDD -

~. Glean C., Mtller and Vincent R, Hebert
Department of Biochemistry
University of Hevade, Reno, Nevada 89557

Michael J, Miille and Robert Hitzel
Enseco~Cal Lab '
2533 Industrial Blvd.
Sacramento, California 95691

Richard G. Zepp L

Environmental Research Laboratory :

U.,5. Environomental Protection Agency
Athens, Georgila 30613

Octachlorodibenzo=p~dioxin {OCDD) {e a contaminant of the
widely used wood preservative pentachlorophenol (PCP). PCP and
OCDD contamination of solls have cccurred in many areas where PCP
has been used, particularly at lumber mill sites, In solution,
OCDD absorbs sunliight and undergoes photolysis to lower chlori-
nated producta, Conflicting results have been publlshed on
vhether this dechiorfnation occurs predominantly at the 2,3,7,8
or on the 1,4,6,9%9 posttions. Dechiorination occurring predomi-
nantly at the 1,4,6,9 positions will result in formation of the
highly toxic tetra-, penta- and hexa-chlorinated dibenzo-p-
difoxins,. 3

This research was designed to determine the degree to which
the toxie 2,3,7,8~chlorinated congeners were formed on frradia-
tion of OCDD oa soils in relation to the total amount of the var-
ious tetra-, penta and hexa-chlorinated coungeners produced.

Laboratory irradiations were performed on twe sandy loam
soile fortifted at lOppm OCDD., The firat was a northeastern
Montana soi{l {(2.2% organic matter) and the second was a Rfver~
side, California soil (0.49% organic matter). Each soil was
evenly spread in petri dishes at 0.25mm thickness and irradiated
under a 1ight bank constructed of 16 Weatinghouse FS40 sunlamps.
These lamps were arranged to provide an even light £ield while
maintaining constant temperature at 30 C. Treafment and dark
controls were exposed for 0, 5, 10, and 20 day intervals. Sam-
ples were extracted with 20% methanol in hexsane., . The extracted
PCDD isomers were quantitnted by high resolution gas chromato-
graphy low resolution mass spectroscopy using & 60m DB-5 fused
gilica capillary column, Qualitative and quantitative confirma~
tion of the tetra~ through hexa-chlorinated isomers was obtained
by separation on a2 60m x Q.25mm fused silica 52-2331 column with
mass spectrometric quantitation.




In all of the experiments, 30-40X loss of OCDD wae apparent
after filve daye of irradiation, No significant additional loss
wag observed at the 10 or 20 day exposures, which suggest that
the remalning OCDD was protected from photolysis. This alsa
indicates that volatiiization was minimal from the 0,25 mm deep
soils. The concentrations of the lower chlorinated congeners,
however, increased slightly from 5 to 20 days exposure. On day
20 the_concentrations of OCDD and the lower chlorinated products
are presented below for the HMontana sBoll, These are average of
four samples. The results for .the Riverside soll are similar.
Also present are the results of irradiation of a 26,000 nglmlﬂ5
solution of 0CDD under the same lamp bank for a four hour period.

Hontana soll Toluene solution
20=-day exposure 4 hour irradiation
(average of 4 samples) {ng/ml)"
(ng/gm)

tetra {(total) 1.48 . | ND
2,3,7,8 0.76 ND

penta (total) 19.4 ‘ . 9.3
t,2,3,7,8 5.0 . ND

hexa (total) 71.3 o 18.1
2,3,7,8 substi. 18.5 ND
hepta (total) 261 ’ 7560
1,2,3,4,6,7,8 111 163
octa 6975 B 14400

These results support -two general observations. First,
photolysis fs slow on the soils, and dechlorination at the
1,4,6,9 postitions 18 preferred over that at the 2,3,7,8 posi~
ticas. This 1is particularly evident for the tetra- and penta-
chlorinated congeners. Approximately half of the total amount of
tetra isomers is 2,3,7,8-TCDD. This i8 a substantial enhance-
ment, since 22 peparate TCDD isomers exist. Of the heptachlorin~
ated isomers, no enhanced concentration of the 2,3,7,8 chlorin~
ated isomers was observed, Second, the photochemistry on soils
was observed to be significantly differeat than in solution.

Very 1ittle of the 2,3,7,8~chlorinated congeners was avident, and
even for the heptachlorinated congener, less thag 3% was subati-
tuted at the 2,3,7,8 pasitiouns.

e
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Considerations of Photolysis on Soll Surfaces

S

soils are a complicated, non-homgeneous matrix
first order rates are not observed -
surface heating can exceed 50 C

transport to the éxposed surface may control
photolysis rates

direct and indirect processes may be involved
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PERCENT RECOVERY
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percent recovery

Photolysis of Octachloro-dibenzo-p-dioxin on

Montana Soil

———————
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PHOTODECHLORINATION OF OCTACHLORODIBENZO-p-DIOXIN ON
MONTANA SOIIL UNDER FS40 LAMPS
Days of Exposure
Dioxin 0 5 10 20%
octa 10500 ng/gm 6550 ng/gm 7250 ng/gm 6940 ng/gm
hepta total 34 190 220 253
(1234678) 14 81 97 109
hexa total (<0.12) 33 45 75
(123478) 2.2 . 4.3 6.1
(123678) - 2.7 >8.3 3.8 =13 6.1 =19
(123789) 3.4 5.0 7.0
penta total (<0.13) 4.3 10.1 19
’ {12378) 1,5 2.1 5.2
©  tetra total (<0.087) 0.55 . 0.64 1.5
(2378) (<0.34) 0.39 0.86

*average of duplicate samples

o —




PHOTODECHLORINATION OF OCTACHLORODIBENZO-p- DIOXIN ON
MONTANA SOIL UNDER FS40 LAMPS WITH 0.1% ETHYL OLEATE

Days of Exposure

Dioxin o* 5 10 20%
octa 9845ng/gm 6800 ng/gm 4750 ng/gm 7000 ng/gm
hepta total 36 214 193 269
(1234678) 15 90 86 115
hexa total (<0.12) 36 52 67
(123478) 3.0 5.4 6.7
(123678) 2.6>9.1 5.4 15 5.5 31
(123789) 3.5 3.7 6.7
penta total (<0.13) 7.0 11 19
(12378) 2.1 2.0 4.9
tetra total (<0.087) 0.57 (<0.35) 1.5
(2378) 0.34 0.66

* average of

duplicate samples

19
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Dioxin 0 k3 10 20%
octa 9580 ng/gnm 5510 ng/gm 5750 ng/gm 5570 ng/gm
hepta total 36 293 304 318
{1234678) : 14 132 i40 146
hexa total (<0.24) 58 . 67 75
{123678+123478) 11 —18 13 ~—21 15.2— 24
(123789) 7.1 S 7.97 . 8.7
penta total (<0.32) 14.8 12.0 15.6
(12378) 4.4 3.4 4.6
L tetra total (<0.042) 1.5 1.5 2.0
(2378) 0.94 1.1 1.2

~

PHOTODECHLORINATION OF OCTACHLORODIBENZO-p-DIOXIN ON

TAHUNGA SOIL UNDER FS40 LAMPS

Days of Exposure

*average of duplicate samples

o —
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PHOTODECHLORINATION OF OCTACHLORODIBENZO-p-DIOXIN ON TAJUNGA SOIL

CONTAINING 0.1% ETHYL OLEATE UNDER FS840 LAMPS

bPioxin

Days of Exposure

Qo 5 10 20%

octa

hepta total
(1234678)

hexa total
(123478)
(123678)
(123789)

penta total
{12378)

tetra total
(2378)

8365 ng/gm 6260 ng/gm 6920 ng/gm 6080 ng/gm

42 305 ] 233 340
17 96 1.02 116
(<0.27) 50 49 53
2.7 3.5 3.9
2.2 >8.7 3.7 >11 3.6 12
3.8 3,7 4.8
(<0.43) 6.6 7.7 7.9
0.88 2.4 1.9
(<0.050) 0.60 0.70 0.63
0.25 0.39 0.41

*average of duplicate samples
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PHOTODECHLORINATION OF OCTACHLORODIBENZO-p—DiOXIN
IN ISOOCTANE UNDER FS40 LAMPS

Hours of Exposure

Dioxin 0 4 12

octa 25900 ng/mL 14400 ng/mL = 3500 ng/mL

hepta total 30 7560 6360
(1234678) 8.3 163 110

hexa total (<0.47) 18 2130
(123678) 1.6

penta total (<0.28) 9.3 24

tetra total {<0.11) {<1.9) {<3.4)
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A => B =» other products

The fraction of A that is converted to B is:

k, [a)

kB [B] -

when kA and k_ are first order rate constants
for loss of A and E, and
[A] and {B] are concentrations when [B] is

maximized



F540 Sun Lamp Photodegradation of 2, 3,7, 8-TCDD b
and 2, 3, 7-TriCOD in Iso~octane: -
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Photodegradatlon of 2,3,7,8-TCO0 in Iso-octane
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CONCLUSIONS
. the_meah photolysis depth of OCDD in scoils is O. 1~0 3 mm

. on soils, photoreduction of ochD to 2,3,7,8-TCDD is
ocbserved, and 2,3,7, 8~TCDD is a major tetrachlorinated

isomer observed

. in solution, photoreduction of 0CDD to 2,3,7,8~TCDD is
not observed

. in solution, photodechlorination of 2,3,7,8-TCDD accounts
for approximately 6% of the overall photolysis
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ATTACHMENT 1

California Regional Water Quality Control Board
North Coast Region

ORDER NO. 86-3
ID NO. IBBS030RMEN

WASTE DISCHARGE REQUIREMENTS
For

GEORGIA-PACIFIC CORPORATION
FORT BRAGG SOIL AMENOMENT

Hendocino County

The California Regional Water Quality Contro! Board, North Coast Reglon
(hereinafter Board) finds that:

l.

2.

Georgia-Pacific Corporation (hereinafter discharger) submitted a
Report of Waste Discharge dated December 19, 1985.

The Report of bHaste Dfischarge describes use of woodwaste ash, o
nonhazardous decomposable waste, as & soi! amendeent using
appticable Best Hanagement Practices pursuant to Section 2511(f)
of Title 23, Chapter 3, Subchapter 15 of the California

.Administrative Code. The woodwaste Is generated by the power

plant operated at the Georgia-Pacific sawmill. The sof] amendment
site 1Is located In Little Valley within Sections 14, 22, 23, 24,
and 26 of TION, RITW, WNDBAN on 330 acres of pasture land along
Little Valley Creek. There will be occasional stockpiling of ash
during inclement weather on an additional eight acre percel In
Section 14, TI9N, RI7W MOBIN adjacent to the South Fork of Ten
Mile Creek. Drainage controls and management practices for
incorporating the ash into the soll are designed to prevent a
discharge of ash to surface streams. -

Sotls in the area of the sofl amendment application are

preliminarily classified as Shinglemil) and Gibney, with: 20

percent iInclusfons. Soll analyses have been conducted at the site

on cation exchange capacity, base saturation, pH and other
nutrient analyses.

The Board adopted the North Coastal Basin Water Quality Control
Plan on March 20, 1975. The basin plan contains a prohibition
against new waste discharges to all coastal streams and natural
drainageways that flow directly to the ocean.

The beneficial uses of Little Valley Creek, Pudding Creek, and Ten
Hile Creek include: ,

a. municipal and domestic water supp!y

b. agricultural water supply

¢. potential Industrial service water supply
d. potential industrial process water supply
e, groundiwater recharge




Order No. 86-3 ~2-

6.

8.

f. water contact recreation

g. non-contact water recreation
h. warm freshwater habltat

1. cold freshwater habitat

J. wildlife habitat

k. fish migration

j. Fish spawning

The County of Hendocino has zoned this area as timber production
and does not require a permit for a use of the land consistent
with this zoning. The Board has determined that compliance with
this Order wiil wmitigate any potential adverse water quality
impact. .

The Board has notified the discharger and interested agencies and
persons of fts intent to prescribe waste discharge requirements
for the proposed discharge and has provided them with an
opportunity for & pubiic meeting and an opportunity to submit

their written views and recommendations,

The Board, In a public meeting, heard and considered all comments
pertaining to the discharge.

THEREFORE, IT IS HEREBY ORDERED, that in order to meet the provisions
contafned In Division 7 of the California Water Code and regulatiocns
adopted thereunder, the discharger shall comply with the following:

A.  PROHIBITIONS:

l.

There shall be no discharge of ash to surface streams at any time.

CIFICAT 3

There shall be no runoff of ash to land which Is not controlled by
the diacharger. _

The soll amendment usage of ash shall not cause a pollutio;f or
nuisance as defined In Section 13050 of‘ the California Water Code.

No ash materlals shall be deposited outside of the son amenciment
areas shown on Attachment nAT,

The scofl amendment area shall be protected from any washout or
erosion of ash or covering materials and from Inundation which
could occur. as a result of floods having a predicted freguency of
once in 100 years.

Annuaily, prior to the anticipated rainfall period, a cover crop
shall be established in the soil amendment area to prevent erosion
of the site.
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6.

During the rainy sesson, onily the active area of ssh placement
shall be left exposed to rainfall. The active area shall not be
excessively large for incorporation operations and vegetation
establ ishment.

C. PROVISIONS:

l.

2.

3.

5.

The discharger shall maintaln a copy of this Order so as to be
avalilable at all times to site operating persominel.

The discharger shall comply with the Contingency Pianning and
Notification Requirements Order No. 74-151 and the Monitoring and
Reporting Progrom No. 86-3 and the General Provisions for
Monttoring and Reporting, and any modifications to these documents
as specified by the Executive Officer. Such documents are
attached to this Order and Incorporated herein. Honitoring and
Reporting Program No. B6-3 shall be reviewed by staff at least
annuvally and modiffed {f appropriate, to ensure complfiance with
Section 13267(b) of the State Water Code.

In the event of any change In control or ownership of land used
for soil amendment purposes presently owned or controlled by the
discharger, the discharger shall notify the succeeding owner or
operator of the existence of this Order by letter, a copy of which
shall be forwarded to this Board. '

The discherger. shall submit to the Board by Januery 31 of each
year an annual  summary report presenting data from the previous
year on total amount of ash applied, number of acres receiving
ash, pertinent soil and ash analyses, and estimated pasture land
yleld.

The discharger shall file with the Board a Report of Waste
Discharge at least 120 days before making any material change or
proposed change in the character, location or volume of the soll
amendment use of ash waste.

After notice and opportunity for a meeting, this Order may be
terminated or modifted for cause, including, but not limited to:

a. viclation of any term or condition contained in this
Order; -

bh. obtaining this Order by misrepresentation, or fatlure teo
disclose fully all relevant facts;

¢. a8 change in any condition that requires elther a temporary
or permanent reduction or eliminatfon of the authorized
diacharge.

The requirements prescribed herein do not authorize the commission
of any act causing injury to the property of another, nor protect
the discharger from his 1ilabllities under Federal, State, or local
laws, nor guarantee the discharger & capacity right in the
recelving waters. .
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8.

9.

0.

fi

The discharger shall permit the Reglonal Board:

a. entry upon premises in which the ash waste is stored or used
in which any required records are kept;

b. access to copy any records required to be kept under terms
and conditions of this Orders; '

c. inspection of monitoring equipment or records; and

d. sampling of any discharge.

In the event the discharger is unsble to conply with any of the
conditions of thls Order due tot .

a. breakdom of sotl amendment applfication equipment;
b. accidents caused by human error or negligence; or
Cc. other causes such as acts of nature;

the discharger shall notify the Executive Offlcer by telephone as
soon as he or his agents heve knowledge of the inclident and
confirm this notification In writing within two weeks of the

telephone notification. The written notification shall Include -

pertinent Information explaining reasons for the noncompllance and
shall indicate what steps were taken to correct the problem and
the dates therecof, and what steps are being taken to prevent the
problem from recurring.

This Order expires on January 30, 1999. and the discharger must
file a Report of Waste Discharge {n accordance with Title 23,
California Adninistrative Code, not later than October 30, 1989,

§

I. Banjamin D. Kor, Executive Officer, do
hereby certify that the foregoing s a full,
true, and correct copy of an Order adopted
by the California Regional Nater Quality
Control Board, North Coast Region, on
January 30, 1986,

ORIGINAL SIGNED BY

Benjamin D. Kor
Executive Officer
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California Regions)! Water Quaiity Control Board
North Coast Regfon

MONITORING AMD REPORTING PROGRAM NO. 86-3
FOR

GEORGIA-PACIF]C CORPORATION
FORT BRAGG SOIL AMENDMENT

Mendocino County
Monitoring
The discharger shall record the approximate volume of ash deposlted' at the
site each wmonth, the approximate number of treated acres, and the
approximate tons of ash stockpiled in area "W",
Sto ter f

Grab samples shall be taken periodically when streams are fliowing from the
points shown on the attached map. Samples shall be snalyzed as follows:

Constituent Units Erequency

pH , pH units weekly

COoD g/l November, January,
March

Heekly rainfaiil totals shall also be recorded and reported.

Soils recelving ash shall be analyzed every October for CEC, percent base
saturation, and pH at a depth of 0-1" and 1]1-12%. An annual report shall
be prepared each January 1 sumnarizing the water and soil analyses, amount
of ash applied, the approximate number of acres receiving ash, and
evidence of increased pasture land yield,

Reporting

Honitoring reports shall be submitted monthly to the Board by the
fifteenth of the month. Coples of signed )aboratory sheets shali be
submitted with any monthly summary report. : '

Ordered by GRIEINAL SIONED B

Benjamin D. Kor
Executive Officer

January 30, 1986




LTATE OF CALFORMIA—HEALTH AND WELF.  AGENCY GECRGE DEUXMENAN, Gavern

DEPARTMENT OF HEALTH SERVICES ATTACHMENT 2

T14/744 P SIREET
SACRAMENTO, CA 95814

(’“’"'_(916) 324-1826

APR 21 1033

Hr. Carl Johnson
Albert's Best

P.O. Box 1103

Fort Bragg, CA 95437

Dear Mr, Johnson:

This is in response to your letter of December 6, 1982 and the subsequent
February 18, 1983 laboratory report provided by Georgia~Pacific Corporation,

You request, based upon the information provided, that the ash to be pro-
duced by the burning of wood by-products at the Georgia~Pacific Fort Bragg
Mill be classified as nonhazardous waste. We have reviewed your request
and the information provided by Georgia~Pacific and its conformance to the
provisions outlined in our policy letter of November 2, 1982 for obtaining
a nonhazardous classification for biomass ash,

Based on the informatlon provided, we feel your project has met the criteria R
as outlined. Pursuant to the provisions of Title 22, Section 66305(b) of

B the California Administrative Code, the fly ash, bottom ash and flue gas

L emission control residue generated by the burning of wood by-products at. the
Georgia-Pacific Fort Bragg Mill is hereby classified as nonhazardous.

This classification is contingent upon the facility providing adequate oper-
ating measures to prevent hazardous wastes from entering the combustion pro-
cess. We will request that the State Solid Waste Management Soard include
such a provision iIn the facility permit issued pursuant to Government Code
Section 66796.30 et seq.

Please be aware that while this classification exempts the waste ash from the
hazardous waste regulations of the Department, the requirements of the Re-
gional Water Quality Control Board and other agencies must be complied with.

Sincerely,
OLGIMAL SIGINED BY
P.a 12Ty P "\'.'LCO‘(ON
Richard P. Wilcoxon
Acting Deputy Director

Toxic Substances Control Division

cc: See attached list.




Stute of California ATTACHMENT 3

Memorandum

To

From

Subiect:

: Craig Johnson bare < AN 26Api . oL

Assistant Executive Officer
North Coast Regional Board

Bareld J. Singer, Chief

Land Disposal Branch

Division of Water Quality

STATE WATER RESOURCES CONTROL BOARD

CLASSIFICATION OF FILY ASH FROM GEORGIA PACIFIC CORPORATICN,
FORT BRAGG, CALIFORNIA

Your memorandum of November 2, 1987 concerning disposal of fly ash generated by
the Georgia~Pacific Corporation power plant at Fort Bragyg requested assistance
in assessing the concentrations of tetrachlorodibenzofuran (TCDF) recently
reported in the fly ash and the potential risk to water quality posed by this
substance. Your memorandum was referred to Dr. Frank Palmer of the
Investigations Branch and to Bud Eagle, Program Manager for Subchapter 15. 1
have attached Dr. Palmer's comments which indicate that the highest exposure
and risks from TCDF may be related to bicaccumulation and food chain exposure
and that TCDFs would be considered nondegradable when compared to typical
organic material. This information raises a question as to whether the fly ash
represents a threat to water quality and, consequently whether it should be
classified as nonhazardous.

Subsection 2511(f) of Subchapter 15 provides that if certain conditions are
satisfied, decomposable nonhazardous waste may be used as a soil amendment.
However, it now appears that if this fly ash is added to soil it could result
in toxic conditions in plants and animals as the result of bicaccumulation.
Our opinion is that this waste does not meet the "decomposable" criterion
required for an exemption under Subsection 2511(f} considering that TCDF 1is
essentially a nondecomposable and possibly toxic constituent of the waste which
may concentrate in the soil when decomposable constituents of the fly ash
infiltrate into lower layers.

If you or your staff have guestions or wish to discuss this matter further,
please contact Bud Eagle at ATSS 492-0205.

. Attachment




$ Georgia-Pacific Corporation

90 West Redwood s

Fort Bragg, Cdifa& 3RUALITY

Telephone (707) B8 - BOARD
REGION |

;ﬁl 987

o

November 18, 1987

Ms. Susan Warner
California Regional Water
Quality Control Board

1140 Guernewville Road
Santa Rosa, CA 95403

Dear Ms. Warner:

——
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Just a note of clarification on the Little Valley stockpile
area map. There is no formal drainage ditch between the
stockpile and the stréam, but this entire area has bheen
ripped, effectively ditching the area several times over.
You may remember the broken character of the ground when

we reviewed the area.

Also, we had some difficulties with Anatec's handling of
our Truck Wash Pond account {(notably that they were very
late). I anticipate submitting results to you by the end

of this week.
Sincerely,

Steven Petrin, birector
Environmental Health & Safety
California Wood Products
SP:db

cc: D. Jacobszoon
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UNIVERSITY OF NEVADA-RENO

Depariment uf Biochemism
Prisvesiny of Xevadu-Reno
Rems, Nevadu 303374814
1B TRasn3

Nov. 10, 1987

Dr. Cate Jenkins

MD-HH562B

office of $Solid Waste Emergency Response
¥.8, Environmental Protection Agency
401 M. Sr. S.W.

Waghington D.C. 20280

Dear Cate,

Richard Zepp ianformed me of the Greenpeace memoranduwn regarding our
presentation at the Dioxin '87 meetings in Las Veges. 1I1'm enclosing the slides
of that presentation, an abstract, and also a reprint of the dioxin chemistry
article that came out of the ACS symposium. I am in the process of writing up
the OCDD to TCDD work for the Chemosphere symposiunm publicaton and will send you
a prepublication copy when it 1s cowmpletad.

S$incerely,

v é"

Glenn/ §. Miller,
Associate Professor

T Sebusst o Mestivzon and the Culleze ol Apmalftare, sdch pnndy sonsar dh Depareennmt of Sohemiase e Bguad Opporanuy 2 A maiee A employers amd ds sos b Gnazsdve s e Bass of 2 efigoon
setdor t€x AR panvmad angm vorersn statut of kandicap in the edranunal progeams of any of v dosaies whah fey Lperase
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Photolysis of Octachlorodibenzo~p-dioxin on Soils: Production of
2 3,7,8~TCDD -

~. Glenn C. Miller and Vimcent R, Hebert
Department of Blochemistry
University of Nevada, Reno, Nevada 89357

Michael J., Miille and Robert Mitzel
Enseco~Cal Lab
2533 Industrial Blvd.
Sacramente, California 95691

Richard G. Zepp
Enviroamental Research Laboratory
U.S5. Environmental Protection Agency
Athens, Georgia 30615

Octachlorodibenzo-p-~dioxin {0CDD) is a contaminant of the
widely used wood preservative pentachlorophenol (PCP). PECP and
0CDD contamination of soils have occurred in many areas where PCP
has been used, particularly at lumber mill sites, In soiution,
OCDD absorbs gunliight aud undergoes photolysia to lower chlori-
nated products. GConflicting results have been published on
whether this dechlorinatfion occurs predominantly at the 2,3,7,8
or on the 1,4,6,9 positions. Dechlorination occurring predomi~-
nantly at the 1,4,6,9 positions will result in formation of the
highly toxic tetra-, penta~ and hexa-chlorinated dibenzo-p-
dioxinas.

This research was dealgned to determine the degrea-to which
the toxic 2,3,7,8-chlorinated coageners were formed on irradia-
tion of OCDD on soils f{m relation te the total amount of the var-
ious tetra-, penta and hexa-chlorinated congeners produced.

Laboratory irradiations were performed on two sandy loam
soils fortified at 10ppm OCDD, The first was a northeastern
Hontana sof{l (2.2% organic matter) and the second was a River~
side, California soil (0.49% organic matter)}. Each soil was
evenly spread {in petri dishes at 0.25mm thickness and Lrradiated
under a 1ight bank constructed of 16 Westinghouse FS540 sunlamps.
These lamps were arranged to provide am even light field while
maintaining constant tempersasture at 30 C. Trearment and dark
controls were exposed for 0, 5, 10, and 20 day intervals., Sam-
ples were extracted with 20X methanol ia hexane. . The extracted
PCDD isomers were quantitated by high resoluticon gas chromato-
graphy low resolution mass spectroscopy using d 60m DB-5 fused
gillea capillary column, Quelitative and guantitative confirma~
tion of the tetra=- through hexa=-chlorinated isomers was obtained
by separation on & 60m x 0.25am fused silica SP-2331 column with
masy spectrometric quantitation,.




In all of the experimenta, 30-40% loss of OCDD was apparent
after five days of jrradiation., No significant additional loss
was obperved at the 10 or 20 day exposures, which suggest that
the remaining OCDD was protected from photolyasis., This also
indicates that volatilization was minimel from the 0.25 mm deep
soils. The concentrations of the lower chlorinated congeners,
however, increased slightly from 5 to 20 days exposure. On day
20 the.concentrations of OCDD and the lower chlorinated products
are presented below for the Montana soll, These are average of
four samples. The results for .the Riverside soll are similar.
Also present are the results of Iirradiation of a 26,000 ng/mly
solution of OCDD under the same lamp bank for a four hour period.

Montana soil Toluene solution
20-day exposure 4 hour irradiation
(average of 4 samples) {ng/nl)"
(ng/gm)
tetra (total) 1.48 ND
2,3,7,8 - 0.76 ND
pents (totél) 19.4 . 9.3
1,2,3,7,8 5.0 ND
hexa (total} 71.3 18.1
2,3,7,8 substi. 18.5 ne
hepta (total) 261 ) 7560
1,2,3,4,6,7,8 111 163
octsa 6975 _ 14400

These results support two general observations. First,
photolyeis is slow on the soils, and dechlorination at the
1,4,6,9 positions i{s preferred over that at the 2,3,7,8 posi~
tions. This 1is particularly evident for the tetra- and penta-
chlorinated congeners. Approximately half of the total amount of
tetrsa lsomers 4is 2,3,7,8-TCDD, This 415 a substantial enhance~
ment, siace 22 geparate TCDD {somere exist. Of the heptachlorin-
sted isomers, no enhanced concentration of the 2,3,7,8 chlorin-
ated isomers was observed, Second, the photochemistry on soils
was observed to be significantly different than in solution.

Very ltittie of the 2,3,7,8-chlorinated congeners Was evident, and
even for the haptachlorinated congener, less than 3% was subati-
tuted at the 2,3,7,8 positicns. /
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Considerations of Photolysis on Soil Surfaces

~. ®oils are a complicated, non-homgenecus matrix
. Eirst order rates are not observed

. surface heating can exceed 50 C ;

transport to the éxposea surface may control
photolysis rates

direct and indirect processes may be involved
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PHdTODECHLORINRTION OF OCTACHLORODIBENZO~p-DIOXIN ON
MONTANA SOIL UNDER FS40 LAMPS

Days of Exposure

Dioxin 0 5 10 20%*

octa 10500 ng/gm 6550 ng/gm 7250 ng/gm 6940 ng/gm

hepta total 34 190 220 253
{1234678) 14 81 .97 109

hexa tot?l (<0.12) 33 45 75
(123478 2.2 . 4.3 6.1
(123678) - 2.7°>8.3 3.8 S13 6.1 19
(123789) 3.4 5.0 7.0

penta total {(<0.13) 4,3 10.1 19

. (12378) 1.5 2.1 5.2

tetra total {<0.087) 0.55 0.64 1.5

{2378) (<0.34) 0.39 0.86

*average of duplicate samples

——




PHOTODECHLORINATION OF OCTACHLORODIBENZqu—DIOXIN ON
MONTANA SOIL UNDER FS40 LAMPS WITH 0.1% ETHYL OLEATE

Days of Exposure

Dioxin o* 5 10 - 20%
octa 9845ng/gm 6800 ng/gm 4750 ng/gm 7000 ng/gm
hepta total 36 214 183 269
(1234678) 15 90 86 115
hexa total (<0.12) 36 52 67
(123478) 3.0 5 4\ 6.7~
{123678) 2.6”.9.1 5.5
(123789) 3.5 3 7/ 6.7
penta total (<0.13)' 7.0 11 19
{12378) 2.1 2.0 4.9
tetra total (<0.087) 0.57 (<0.35) 1.5
(2378) 0.34 0.66

* average of duplicate samples
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PHOTODECHLORINATION OF OCTACHLORODIBENZO-p-DIOXIN ON
TAHUNGA SOIL UNDER FS4C LAMPS

- Days of Exposure

Dioxin 0 5 10 20%

octa 9580 ng/gm §510 ng/gm 5750 ng/gm 5570 ng/gm

hepta total 36 293 304 318
(1234678) 14 132" 140 146

hexa total (<0.24) 58 67 75
(123678+123478) 11 —18 13 —21  15.2— 24
(123789) - 7.1 7097 8.77

penta total (<0.32) i4.8 12,0 15.6
(12378) 4.4 3.4 4.6

tetra total (<0.042) 1.5 1.5 2.0
(2378) 0.94 1.1 1.2

*average of duplicate samples

o —
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PHOTODECHLORINATION OF OCTACHLORODIBENZO-p-DIOXIN ON TAJUNGA SOIL
CONTAINING 0.1% ETHYL OLEATE UNDER FS40 LAMPS

Days of Exposure

Dioxin 0 5 10 20%

octa 9365 ng/gm 6260 ng/gm 6920 ng/gm 6080 ng/gm

hepta total 42 305 233 340
(1234678) 17 96 102 116

hexa total {<0.27) 50 49 53
(123478) 2.7 3.5 3.9
(123678) 2.27>8.7 3.7 >11 3.6 12
{123789) 3.8 3.7 4.8

penta total (<0.43) 6.6 7.7 7.9
(12378) 0.88 2.4 1.9

tetra total {<0D.050) 0.60 0.70 0.63
{2378) 0.25 0.39 0.41

*average of duplicate samples
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PHOTODECHLORINATION OF OCTACHLDRODIBENZO-p-DIOXIN
 IN ISOOCTANE UNDER FS40 LAMPS

Hours of Exposure .

Dioxin 0 4 12

octa 25900 ng/mL 14400 ng/mL 3500 ng/mL

hepta total 30 7560 6360
(1234678) 8.3 163 110

hexa total (<0.47) 18 2130
(123678) 1.6

penta total (<0.28) 9.3 24

tetra total (<0.11} (<1.9) {<3.4)

. ——




hv
A => B =, other products

The fraction of A that is converted to B is :

L S
kB [B]
when kA and k_ are first order rate constants
for loss of A and B, and
[A] and [B] are concentrations when [B] is
maximized



FS40 Sun Lamp Photodegrodatlon of 2,3,7,8-TCDD Rt
and 2, 3,7-TriCOD in Iso-octane
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CONCLUSIONS

the mean photolysis depth of OCDD in soils is 0.1~0.3 mm

on soils, photoreduction of OCDD to 2,3,7,8-TCOD is
observed, and 2,3,7,8~7TCDD is a major tetrachlorinated

isomer ocbserved

in solution, photoreduction of OCDD to 2,3,7,8~TCDD is
not observed

in solution, photodechlorination of 2,3,7,8-TCDD accounts
for approximately 6% of the overall photolysis



ATTACHMENT 1

California Regional wWater Quaility Control Board
North Coast Reglion

ORDER NO. 86-3
ID NO. 1B85030RMEN

WASTE DISCHARGE REQUIREMENTS
For

GEORGIA-PACIFIC CORPORATION
FORT BRAGG SOIL AMENOHENT

Mendocino County

The California Regional ¥Water Quality Control Board. North Coast Region
(hereinafter Board) finds that: -

1.

2-

.Adminfstrative Code. The woodwaste 1is

Georgia-Pacific Corporation (herelinafter discharger) submitted a-
Report of Maste Discharge dated December 19, 1985,

The Report of Haste Discharge describes use of woodwaste ash, &
nonhazardous decomposable waste, as & 30i! amendeent using
appliicable Best Management Practices pursuant to Section 2511(f)
of Title 23, Chapter 3, Subchapter 15 of the California
_ generated by the power
plant operated at the Georgla-Pacific sawnill. The soil amendment
site s jocated in Little Valley within Sections 14, 22, 23, 24,
and 26 of TI9N, RI7TW, MNDBAM on 330 acres of pasture land along
Little Valley Creek. There will be occasional stockpiling of ash
during inclement weather on an additional eight acre parcel in
Section 14, Ti9N, RI7W HDBAX adjacent to the South Fork of Ten
Mile Creek. Drainage controls and managenent practices for
incorporating the ash into the soll are designed to prevent a
discharge of ash to surface streams. :

Solils in the area of the scil amendwent application are
prelininarily classified as Shinglemill and Gibney, with: 20
percent inclusions. Soll analyses have been conducted at the site
on cation exchange capacity, base saturation, pH and other
nutrient analyses.

The Board adopted the North Couastal Basin dater Qualtty Control
Plan on March 20, 1975. The basin plan contains a prohibition
against new waste discharges to all coastal streams and natura!l
drainageways that flow directly to the ocean.

The beneficial uses of Little Vailey Creek, Pudding Creek, and Ten
¥ile Creek Include:

a. municipal and domestic water supply

b. agricultural water supply

c. potential Industrial service water supply
d. potential industrial process water supply
e. groundwater recharge




Order No. 86-3 -2-

6.

8.

f. water contact recreation

g. non—contact water recreation
h. warm freshwater habltat

1. cold freshwater habitat

J. wiidlife habitat

k. fish migration

1. fish spawning

The County of Hendocino has zoned this area as timber production
and does not require a permit for a use of the land consistent
with this zoning. The Board has determined that compllance with
this Order will mitigate any potential adverse water quality
impact. _ ) .

The Board has notified the discharger and {nterested sgencies and
persons of Its Intent to prescribe waste discharge requirements
for the proposed discharge and has provided them with an
opportunity for a public meeting and an opportunity to submit
their written views and recommendations.

The Board, in a public meeting, heard and considered al} comments
pertalning to the discharge.

THEREFORE, IT IS HEREBY ORDERED, that In order to meet the provi slons
contained in Division 7 of the California Water Code and regulations
adopted thereunder, the discharger shall comply with the foilowing:

A,

PROHIBIT 3

l-

There shal) be no discharge of ash to surface streams at any time.

CIF1CAT 3

There shall be no runoff of ash to land which Is not controlled by
the discharger.

The soil amendment wusage of ash shall not cause a pollutlo;\‘ or
nuisance as defined in Section 13050 of the Californla Water Code.

No ash materials shall be deposited cutside of the scil amendment
areas shown on Attachment ™A™, '

The sotl eamendment ares shall be protected from any washout or
erosfon of ash or covering matertals and from Inundation which
could occur. as a result of floods having a predicted freguency of
once in 100 years.

Annually, prior to the anticipated rainfall period, a cover crop
shall be established in the soft amendment area to prevent erosion
of the site,
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6.

During the ralny sesson, only the active area of ash placement
shall be left exposed to rainfall. The active area shall not be
excessively large for f{ncorporation operations and vegetation
establishment.

C, PROVISIONS:

I.

2.

6.

7.

The discharger shall maintain a copy of this Order so as to be
available at all times to site operating personnel.

The discharger shall comply with the Contingency Planning and
Notification Requirements Order No. 74-151 and the Monitoring and
Reporting Progrom HNo. B85~3 and the General Provisions for
Monitoring and Reporting, and any modifications to these documents
as specified by the Executive Officer. Such documents are
attached to this Order and Incorporated herein. Monitoring and
Reporting Program No. 86-3 shall be reviewed by staff at least
annually and modified If appropriate, to ensure compliance with
Section 13267(b) of the State MNater Code.

in the event of any change In control or ownership of land used
for sofl amendment purposes presently owned or controllied by the
discharger, the discharger shall notify the succeeding owner or
operator of the exIstence of this Order by letter, a copy of which
shall be forwarded to this Board. )

The discharger shall submit to the Board by January 31 of each
vear an annual sumary report presenting data from the previous
year on total amount of ash spplled, number of acres recefving
ash, pertinent sofl and ash analyses, and estimated pasture land
yield.

The dtscharger shall file with the Board & Report of Waste
Discharge at least 120 days before making any material change or
proposed change fin the character, location or volume of the soll
amendment use of ash waste.

After notice and opportunity for a -meeting, this Order may be
termlnated or modlﬂe_d for cause, including, but not limited to:

a. violation of any term or condition contalned in this
Order :

b. obtaining this Order by misrepresentation, or fallure to
disclose fully all relevant facts;

c. & change In any condition that requires elither a temporary
or permanent reductfon or eliminatfon of the authorized
discharge.

The requirements prescribed herein do not authorize the commission
of any act causing injury to the property of another, nor protect
the discharger from his liabilities under Federal, State, or local
laws, nor guarantee the discharger a capacity right in the
receiving waters. .
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8.

9.

lo.

£l

The discharger shall permit the Regional Board:

a. entry upon premises in which the ash waste is stored or used
in which any required records are kept;

b. access to copy any records required to be kept under terms
and conditions of this Order;

c. inspection of monitoring equipment or records; and

d. sampling of any discharge.

In the event the discharger {s unable to comply with any of the
conditions of this Order due to: .

a. breakdom of sofl amendment application equipment;
b. acclidents caused by human érror or negligence; or
c. other causes such as acts of nature;

the discharger shall not{fy the Executive Officer by telephone as
soon as he or his agents have knowledge of the incident and
confirm this notification In writing within two weeks of the
telephone notification. The written notification shall include -
pertinent information explaining reasons for the noncompliance and
shall Indicate what steps were taken to correct the problem and
the dates thereof, and what steps are being taken to prevent the
problem from recurring.

This Order expives on January 30, 1990, and the discharger must
file a Report of Waste Discharge 1{in accordance with Title 23,
Callfornis Administrative Code, not later than October 30, 1989.

i

1, Benjamin D. Kor, Executive Officer, do
hereby certify that the foregoing is a fulil,
true, and correct copy of an Order adopted
by the Catifornia Regional Nater Quality
Controi Board, North Coast Region, on
January 30, 1986.

ORIGINAL SIGNED B

Benjemin D. Kor
Executive Officer
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California Regional Nater Quality Contro! Board
North Coast Region

HONITORING AND REPORTING PROGRAM NO. 86-3
FOR

GEORGIA-PACIFIC CORPORATION
FORT BRAGG SOIL AMENDMENT

Mendocino County
Konltoring
The discharger shall record the approximate volume of ash deposited at the
site each month, the approximate nusber of treated acres, asnd the
approximste tons of ash stockplited in area "W".
5t ter T i

Grab sampies shall be taken periodically when streams are flowing from the
points shown on the attached map. Samples shall be analyzed as follows:

Constituent Units . Frequency

pH PH units weekly

coD mg/1 November, January,
March

Weekly rajinfal} totals shall alsp be recorded and reported.

Soils recelving ash shall be analyzed every October for CEC, percent base
saturation, and pH at a depth of 0-1" and 11-12". An snnual report shall
be prepared each Janvary | summarizing the water and soil analyses, amount
of ash applied, the approximate nuwber of acres receivlng ash, and
evidence of Increased pasture land yleld.

Reporting

Monitoring reports shall be submitted monthly to the Board by the

fifteenth of the month. Coples of slgned laboratory sheets shall be

submitted with any month)y sumnary report.

. ep BY.

Ordered by QRIGINAL S1O
Benjanin D. Kor
Executive Officer

January 30, 1986
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DriLL, Friess, Hays, TLooxis & SHAFFER, I\-
Chicago Office o CO\S'L LTANTS IN Toxlcor..om : -7 - Seate Office . - -
1620 Meadow Lane , _ 2707 E. Becker Rd:
Glenview, I 60025 : 1901 N. Fort Myer Drive Chnton, Wa. 98234
(312) 724-5458 . Suite 704 (206) 3215175

Arlington, Virginia 22209
Phone (703) 527-6430

MEMORANDUM ; Novesber 22, 1987
To: C. T. *Kip” Howlett, BEsq..

Director, Government Affairs

Georgia~-Pacific Corporation -

International Square

1875 Eye Street, K.¥.

Washington, D.C. 20006

From: S. L. Friess // / ?—

Subject: Fort Bragg, CA fly ash problem

1. I have now had occasion to review analytical results, EPA
documents, memoranda and California doouments relative to the Fort Bragg
problem. From the recent analytical results, it is clesr that the fly
?ah oo?tains trace levels (ng/g of ash) of polychlorinated dibenzofurans

PCDF=).

2. It is may opinion that EPA i3 proceeding on a very reasonable
course in treating potentioal health hazards from PCDPFs in the
environment by translating the hazards into "2378-TCDD equivalence™
through the use of structure-specific toxicity equivalence factors
{TEFs). Aa the Table 1! entries from the EPA document indicate, the EPA
congener-specific TEF values are in the range 0 - 0.1 for those
compounds in the tetra~, penta-, hexa-, hepta- and octa-PCDF series
which possess the minizum core structure of four chlorine atoms at the
2, 3, T and 8 positions on the rings. Lacking a complete filling of
these positions, the TEF values drop sharply in value. The TEF values
are based on biological test data, and relate the toxicity of the
core-structure PCDF congeners to the toxieity of 2378-TCDD {(dioxin)
taken as unity.

3. The California TEF values for the core-structure PCDFs seem %o
be way out of line with the biological data and with the TEF guidelines
set up by other agencies, countries, ete. California seems to want to
consider all core-structure PCDFs as being equal in poteney {unity) to
that of the reference toxin 2378-TCDD. This Jjust isn't s0. Perhaps the
best reazon for using the U.3. BPA values for TEFs is that they may be
the best compromise among all the cited values and the blology
underlying potency at this time.

4, In applying the EPA values of TEFs to the fly ash PCDF problem,
it is important to note that in the four sets of analyses carried out by
Enseco, all values for core-structure content in the various classes of
PCDFa (tetra-, pentz-, ete.) are listed as ND for non-detected, along




T

with the limits of detectibility (DL). For analyais purposes,

- therefore, I have averaged the DL valuss for each structure class -across
ail four analysis sheets, and assigned the average analytical figure of

0.5 DL to an ND notation for each class. This is rather general’
practice, and preferable to the assignment- of either zero content or a
full DL content to an ND notatiom.

5. Prom the 0.5 DL value, transforsed into 2378-TCDD toxieity
equivalency via the EPA-TEF vdiues for each oclass of core.structures, I
have added up the total 2378-TCDD equivalency psr gram of the fly ash
analyzed. The total amounts to 0.0071 ng of 2378-TCDD equivalency per
gram of ash. This can also be expressed as 7.1 ppt of 2378-TCDD
equivalency. : i

-6. I consider this degree of contamination of the ash to be

inaignificant with respect to potential health hazards from delivery to

a waste site. The equivalency content is more than two orders of
magnitude lower than the generally accepted U.S. clean-up level for
dioxin in soils, down to 1 ppb. Even if full DL values rather than 0.5
DL values had been assigansd to ND notations, in my analysis, the -
equivalency level for PCDFs {core structurse) in the fly ash would still
be two orders of magnitude lower than "how clean is clean?™ for dioxin
remediation in soils.

T. It would be a good idea to check eriteria for acceptable levels
of dioxin (or dioxin equivalency) in national and state
standards/guidelines for waste delivered to various categories of waste
management sites, for comparison with the 7.1 ppt value for Fly ash.
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State of California

 Memorandum

o

t

To

From

Subject:

Bud Eagle, Senior Engineering Geologist

: Hydrogeology Section Date : " gep -1 0097

Division of Water Quality

Shaoe At

Frank Palmer
Investigations Branch
Division of Water Quality

: STATE WATER RESOURCES CONTROL BOARD

NORTH COAST REGIONAL WATER QUALITY CONTROL BOARD (RWQCB) REQUEST
FOR CLARIFICATION ON SUBCHAPTER 15 CLASSIFICATION OF FLY ASH. (DWQ
CONTROL NO. 229)

You asked me to comment on Craig Johnson’s memorandum to James
Baetge of November 2, 1987, concerning characteristics of fly ash
formed by a Georgia-Pacific Corporation power plant located at
Fort Bragg. The fly ash was deemed suitable for use as a soil
amendment based on its characteristics as pon-~hazardous and
decomposable. Subsequent chemical analyses have detected low
levels of tetrachlorcdibenzofurans (TCDFs) present in the fly
ash. The Regional Board indicated it was particularly interested
in technical information related to concentrations of TCDF _
detected in the fly ash and potential risk to water quality from
these levels. It seems to me that there are two issues here:

(1) are the concentrations of TCDFs that were detected hazardous
and (2} are the TCDFs decomposable (not environmentally
persistent)?

My opinion is that, at the concentrations detected (0.14 to

0.19 ppb) in the fly ash, the non-2,3,7,8-chlorinated TCDFs
probably are non-hazardous if they are not incorporated into food
chains. It is generally accepted that the most toxic
chlorinated dibenzodioxins (CDDs) and dibenzofurans (CDFs) are
those chlorinated at the 2,3,7, dnd 8 molecular positions. Those
with other c¢hlorination patterns, i.e., non-2,3,7,8-chlorinated,
are believed to be at least one or two orders of magnitude less
toxic than their 2,3,7,8-chlorinated isomers. Although there are
no criteria or standards for non-2,3,7,8~tetrachloroedibenzofurans
the U.S. EPA (Bellin and Baines, 1987) has develcoped an interim
approach for assessing toxicity of various CDDs and CDFs by .
expressing their predicted toxicity relative to the most toxic
and most studied cDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin or
TCDD. TCDD is given a toxic equivalency factor (TEF) of 1.0.

This relative toxicity can then be multiplied by the detected
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concentration of CDD/CDF compounds and compared to known advisory .
or action levels for TCDD. For example, the TEF for non-2, 3 7,8=
chlorlnated TCDFs would be estzmated as follows' o

a. TEF for 2,3,7,8=-TCDF is equal to 0.1-2 '3,7,8-TCDD;

b. TEF for non-2,3,7, 8—TCDF is O. 01 to 0.1 that of 2,3,7,8~
TCDF;

c. TEF for non-2,3,7,8-TCDF = 0.1 (0.01 to 0.1} 2,3,7,8-TCDD;
d. Or 0.001 to 0.01

e. When the TCDF TEF is multlplled by the concentration of TCDF

: detected in fly ash (0.19 ppb), the predicted toxic
equivalence will be 0.0002 ppb to 0.002 ppb, or 0.2 to 2.0
parts per trillion. ' : ' '

A comparison of the relative TEF for the TCDFs detected in fly
ash can then be made with existing advisory levels:

o The Centers for Disease Control established a site-gpecific
TCDD clean-up level of 1 ppb for Times Beach, Missouri. The
high TEF value derived from the fly ash analysis is 1/500 of
this clean-up level.

o The U.S. Food and Drug Administration {(FDA) has set an
action level of 25 ppt (.025 ppb) for TCDD in fish consumed
for food. Similarly the States of New York and Michigan
have set action levels in fish of 10 ppt. The high TEF for
TCDFs detected in the fly ash is 2/25 of the FDA action
level for fish consumption. Theoretically, if the TCDF o
levels in fly ash were found in fish tissue,’'the FDA level :
would allow consumptlon based on a TEF approach. .

However, it should be noted ‘that the TEF approach does not

account for food chain accumulation. If, for example, a cover S
crop is grown on the soil ‘and the land is used. for pasture, then O
consideration should be made for accumulation of ‘TCDFs in. . o
foraging livestock. A prellmlnary draft, circulated by EPA for
‘technical review purposes only in June 1587, examined a number of

. exposure scenarios and concluded that the’ hlghest exposures and
consequent risks from TCDD would be associated with food chain
related exposure such as plants, beef, fish and dairy products.
Under these conditions, it is p0551ble that dispesal of fly ash = .
containing CDDs and CDFs could pose a much higher risk than that =~
‘estimated by the Centers for Disease Control when the 1 ppb sxte L
spec1f1c concentration was suggested as a- clean-up level._ S 5

o
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Compared to typical organic material such as municipal refuse, I
would consider the TCDFs non-degradable. These compounds are -
resistant to breakdown and are persistent in the env1ronment.‘.“
While little is known about the physical and chemical - o
characteristics of the TCDFs, they can be compared to the TCDDs.
The water solubilities of 1,3,6,8-TCDD and 2,3,7,8-~TCDR. are

0.4 ppb and 0.2 ppb (SWRCH, 1987) respectively, indicating that
these compounds will be resistent to degradation in the. -
environment. These compounds will tend to adsorb strongly to _
organic matter in soil and particulate matter in aqueous systems.
They will also biocaccumulate in aguatic systems; the hlghest
reported bioaccumulation factor for 2,3,7,8-TCDD is 9,000 in both
rainbow trout and mosquito larva (SWRCB, 1987).,

Finally, I noted in the background,documents, 1nc1uded with the
RWQCB 1 memo requesting technical assistance, a February 9, 1987
communication from Dr. David Leu of the Department of Health :
Services related to octachlorecdibenzodioxin (OCDD) contamination
in fly ash. The communication correctly summarized current
scientific opinion that OCDD is relatively non-toxic. However,
you should be aware that recent research (Miller et al., 1987)
presented at the Dioxin 87 meetlngs in las Vegas, Nevada in
October 1987 shows that OCDD in the upper 0.1 mm to 0.3 mm of .
soil is converted to 2,3,7,8-chlorinated CDDs, including 2,3,7,8-
TCDD. I am attaching a summary of that research which concludes:_
"on soils, photoreduction of OCDD to 2,3,7,8~TCDD is observed,
and 2,3,7,8-TCPD is a major tetrachlorinated isomer observed...%
Although the research summary is for work done with ultraviolet
radiation, subsequent research using natural sunlight has
~resulted in similar findings (G. Miller, personal communication,
November 1987). Because of the potential for photoformation of
more toxic CDDs and CDFs from less toxic, more highly chlerinated
. CDDs and CDFs, I would be very cautious about using fly ash -
contalnlng CDDs and CDFs as a soil amendment. It appears that -
this is an area of active research whlch promises’ 1nterpretab1e
results in the near future. : _
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COOPERATIVE EXTENSION
" UNIVERSITY OF CALIFORNIA

RIVEK?'DE. Cl‘iJFORSiA 92521
i~ 789~ 5904
December 3, 1987 ' '

Rod Shippey

Livestock Farm Advisor
Cooperative Extension

. Agricultural Center/Courthouse
579 Low Gap Road

Ukiah, California 95482

Dear Rod,

Thank you for sending me copies of letters from the North Coast Water
Quality Control Board describing the findings of low levels of
tetrachlorinated dibenzofurans (TCDF's) from fly ash that you are using
for field trials. 1 have reviewed literature conceming TCDF's in the
environment and offer the following assessment:

1. The levels of TCDF found (0.14-0.18 parts per billion) are very low and
could simply constitute normal environmental levels. TCDF's are known to
be present in polychiorinated biphenyls (PCB's), and PCB contamination has
been shown to be ubiguitous in the world. It has also been shown that
TCDF's are produced naturally through combustion processes. Levels of
TCDF's from fly ash, interestingly, have been reported to be much higher
(20.8 to 9028 ppb) than those reported by the WQCB.

2. Aithough widespread environmental TCDF contamination may be

evident, the potential for TCDF to pose a threat to water quality is
“extremely low. Studies have shown that the related dioxin contaminant
- TCDD binds tightly to soil {equilibrium concentrations of TCDD in a
soil’water medium have been reperted to be about one million parts TCDD
in the soil to one part TCDD in the water) and thus would not be expected
" to enter the water in appreciable amounts. It is assumed, due to the
chemical similarity of TCDF to TCDD, that TCDF would similarly strongly
bind to soil.

University of Califorma and the Uniled States Depantment of Agriculture cooperating.
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