DDT and its Metabolitesin the Willamette River Basin
by Alletta Brenner
HC 441: Willamette River Health
Clark Honors College, University of Oregon
June 3, 2004

l. Introduction

Over the last century, the use of pesticides has become essential to American agriculture.
Growing exponentialy in levels of use, pesticides have helped farmers reach record high levels
of production, and propelled the United States to be one of the world’ s top producers of food.
But this apparent success has not come without costs. As our awareness of the environment has
grown, we have come to realize the immense and often irreversible damage some of these
chemicals have done to both our earth and our bodies. Many of these same “miracles’ have
contaminated our hydrologic system, which supports al life (Larson et al.: 1997; Rinella, J.F. et
a.: 1993). Now, as clean water is becoming more and more precious, the contamination of our

waters may be one of the single greatest problems we face in years to come.

II. History of DDT

DDT (Dichloro Diphenyl Trichloroethane, known scientifically as 1,1,1-trichloro-2,2-
bis-(p-chlorophenyl) ethane), was first synthesized in 1874 by German Scientist Othmar Zeidler,
but was not put into any practical use until 1939, when Swiss chemist Paul Mller identified its
effectivenessin controlling pests. Following his discovery, DDT would come to widespread use
controlling agricultural pests, human and animal parasites, and disease-carrying organisms such
as mosquitoes. One particularly notable use was by the Allied Forces throughout WW 11 as a
personal insecticide. Because it had no immediately apparent effects on human health, DDT soon
became hailed as a“miracle insecticide.” Following the war, it came to be used throughout the
world in agriculture, forestry, urban areas, and many consumer products from blankets to paint.
Overall, from 1940 to 1970 over 4 billion pounds of DDT was used worldwide, and accounted
for amost one fourth of all insecticide use in the United States (Rinella, J.F. et a.: 1993, p. 9;
Steingraber: 1998). Today it remains one of the most frequently detected pesticides in surface
water, found in awhopping 75 percent of all test sites (Larson: 1997, p.19).

The Willamette Valley was no exception to the widespread use of DDT. Applied

extensively on agricultural crops, and in forest management to control pests such as the gypsy



moth, DDT became a significant contaminant throughout the basin. This contamination was
further augmented by direct contamination from chemical plants that produced DDT and DDT-
containing products (Gregory: 1999, Anderson et a.: 1997, DEQ: May 2004).

[11. Chemical Propertiesof DDT

DDT ispart of agroup of pesticides known as”organochlorines,” which are atype of
chemical that consists of chlorinated hydrocarbons, that is carbon, chlorine, and hydrogen.
Although DDT is asynthetic chemical, it is carbon-based, making it possible for DDT molecules
to interact with the biological processes of living organisms. While it is this property that makes
DDT useful to man, it also makes it dangerous. For, inside the human body it has been shown to
interfere with major operations, from damaging DNA to disrupting endocrine functions.
Likewise, in the environment, DDT is highly toxic to fish and invertebrates, and has been shown
to have a significant impact on birds and mammals (Fuhrer et al.: 1999; Toxicological Profile:
2002).

While DDT has many toxic properties on its own, the biggest concern comes from the
fact that organochlorines are very slow to break down (if they break down at all). A major part of
thisis because both DDT and its metabolites are water insoluble. While environmental
conditions may determine its rate of degradation (e.g., it has been shown to break down more
quickly in tropical areas than temperate, and likewise extreme anaerobic conditions cause it to
decompose faster) its half life is often seven years or longer, resulting in significant levels of
contamination decades after application (Toxicological Profile: 2002; Gambrell: 1981; Anderson
et al.: 1997). Further, extensive evidence shows that the breakdown products of DDT, namely
DDE, DDA and DDD, are aso toxic, presenting many of the same impactson life. Thisis
particularly alarming because DDE does not break down any further (Toxicological Profile:
2002)
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Fig. 1.1 Structure of DDT Molecule (Toxicological Profile: 2002)



V. Impactson Life

The negative impacts of DDT on wildlife were first brought to the public eye in 1962
with the publishing of Rachel Carson’s famous book Slent Spring. As Carson so meticulously
recorded, the extreme consequences of pesticide use were even then becoming quite apparent.
Thousands of song birds, small mammals, and fish were being discovered in the throes of death
from acute DDT poisoning, and aside from these observed deaths, national numbers of predatory
birds were on the severe decline. Still, despite the damning evidence Carson brought forth, it
would take another decade before DDT would be banned (Carson: 1962; Steingraber: 1998).
Whilelevels of DDT in the environment have significantly decreased since, large amounts still
remain in our bodies and ecosystems at levels potent enough to impact life (Fuhrer, et al: 1999).

One of the mgjor contributorsto DDT’ s toxicity comes from its extreme persistence in
the environment. Because it cannot be broken down metabolically, it ends up being stored in the
body’ s fat, accumulating to create what is called a chemical load. Through a process called
“biomagnification” these chemical loads move up the food chain. This happens because when
other organisms ingest those with chemical loads, the same chemicals are taken up by their
bodies. Thus as it moves through the environment, DDT concentrations and volumes increase
until the lipids of the highest organisms become saturated. Consequently, certain predatory
species (including humans) are much more susceptible to high concentrations of DDT in their
bodies than animals lower on the food chain. While on the short term these larger predatory
species may be able to tolerate high chemical loads, a continued presence of DDT and/or its
metabolites results in negative health effects (Rinella, J.F. et al.: 1993; Orriset a.: 2000;
Toxicological Profile: 2002).

The physical consequences of DDT exposure vary according to species. It is extremely
toxic to fish and invertebrates, creating developmental defects, causing neurological and
behavioral defects, and severely damaging reproductive capacity (Cooke: 1970, Clark: 1990;
Guillette et a.: 1994; Harri et a.: 1979; Woodward et al.: 1993). Water fleas, stone flies and
many other types of aguatic invertebrates have proven extremely sensitive to itstoxicity, and are
prone to diein high numbers upon any significant exposure (Clark: 1990). That it is extremely
toxic to birds has been well documented aso. Like fish and invertebrates, devel opmental,
neurological and behaviora effects have been shown to occur in birdsin similar ways. But the
most pronounced effect in avian species has been the disruption of reproductive capacity.



Because of DDT’ s function as an endocrine disrupter, it interferes with hormonal functions,
leading to malformed reproductive organs and smaller clutches. Further, DDE leads to severely
thinned eggshells (Carson: 1962; EPA: 1975; Cooke: 1973; Toxicological Profile: 2002).

While similar effects were observed in mammals, there is alack of substantiating data on
the precise physiological implications of DDT exposure on wild populations. Still awealth of
data indicates there are substantial consequences in mammal hormonal and neurological
processes (Toxicologica Profile: 2002). There is an added concern of contaminants passing from
mother to young. Though minimal, some DDT has been shown to pass through the placenta. But
more importantly, significant amounts of DDT can be passed on through breast milk to young
mammals (Toxicological Profile: 2002). Thisis of particular concern because young animals
consume more food per pound of body weight than adults, and are less capable of processing and
excreting foreign chemicals; thus, they are much more susceptible to chemical poisoning than
adults. Most importantly, due to the way DDT disrupts hormonal processes, it may interfere with
important stages of bodily development (Edmunds et al.: 2000; Schafer: 2002; Toxicol ogical
Profile: 2002). In its entirety, the body of work specific to wild mammalsis relatively small
compared to that of birds and reptiles. Because of mammals’ importance to ecosystems, any
additional studies would beimmensely useful. Likewise, due to the close ecological relationship
between humans and mammals in the wild (NRC: 1991), any additiona studies would be helpful
in understanding how such chemicals may be affecting our own health.

Humans, like other species, are prone to a number of health effects from DDT exposure.
Because DDT acts as an endocrine disruptor, it has the ability to interfere with a number of
important processes, particularly during critical stages of development. Learning disorders,
immune system impairment, reproductive dysfunction and diabetes have all been connected to
DDT contamination in the human body (Center for Health and Environmental Justice: 2000;
Orriset al.: 2000; Toxicological Profile: 2002). While these are all causes of concern, it must be
noted that we are exposed to a many chemicalsin our everyday life, which may potentialy cause
similar effects, making it difficult to assess precise risks from DDT exposure. Nonetheless, the
strong correlations between these disorders and DDT exposure warrant caution, particularly in
the case of children, who are especially susceptible to damage (Wolff: 2002). Even in small
amounts, any DDT contamination should be considered a possible risk to human health and

wellbeing.



Aside from these particular disorders, one area of major concern is the possible effect of
DDT and its metabolites on the occurrence and severity of cancer. While DDT has been listed as
a probable carcinogen for some time, studies of recent years have produced some of the most
damning evidence. In the early 1990s, four different studies from Finland to New Y ork examined
the association of metabolized DDT in fatty tissues and the occurrence of breast cancer. In all
four studies, a strong correlation was found between high levels of DDE in women'’s bodies and
the incidence of cancer (Russalo-Rauhamaa et al: 1990; Falck et al.: 1992; Wolff et al.: 1993;
Hunter et. al: 1993; Dewailly et al.: 1994). According to the New Y ork study women with breast
cancer had an average of 35 percent more DDE in their bodies than healthy women (Wolff et al.:
1993). A following study in Quebec was even more striking, showing that DDE levels were
much higher in women who had estrogen-receptor positive cancers, a condition directly
correlated to the endocrine disrupting characteristics of DDT (Dewailly et a.: 1994, Keith:
1997). Supporting these claims, anumber of studies have indicated that DDT may result in both
DNA fragmentation and the unnatural disruption of hormonal bal ances, accelerating tumor
growth (Cocco: 2000; Scribner et a.: 1981; Toxicological Profile: 2002). While the evidence
remains inconclusive on the precise way metabolized DDT may contribute to the incidence and
severity of cancer, the possible connection suggested by these studies warrants a degree of

concern and caution on our part.

V. Sources and L evels of Contamination in the Willamette Valley

The mgjority of the dataavailable on DDT levelsin the Willamette comes from a series
of Water Quality Assessment studies performed by the U.S. Geologica Service, in cooperation
with the Oregon DEQ and federal EPA. Beginning in the early 1990s and culminating in 1998,
these assessments attempted to give a clear and comprehensive view of water quality issuesin
the Willamette Basin. However, while the data accumul ated in these studies give us a good
starting point, testing for organochlorines constituted only asmall part. The overal picture of
how and where DDT contamination existsis still full of gaps and inconsistencies. One reason for
thismay be that DDT is often difficult to test for. The lower thresholds of testing equipment may
be too high to detect levels present (Larson: 1997) Also, these studies did not include extensive

analyses of possible sources of contamination (Anderson et a.: 1997). Despite these



shortcomings, we are still able to draw certain conclusions about the status of DDT in the
watershed.

While levelsof DDT have been detected numerous times throughout the Willamette
watershed, it appears that contamination tends to be uneven and site-specific (Anderson et al.:
1997). Nonetheless, DDT and its metabolites have been found in water, sediment and tissues
throughout the watershed at |evels above the National Academy of Science guidelines for the
protection of fish predators (Anderson et a.: 1996; DEQ: 1994; DEQ: 1996; Edwards: 1994;
Larson: 1997; NCAP: 1997; Rinella, F.A.: 1993; Rinella, F.A.: 1997). Likewise, DDT remains
the most commonly detected organochlorine in Willamette Basin fish (Anderson, et al: 1997,
Curtiset a.: 2003; DEQ: 1994). Nationally, the Willamette Basin remains in the highest 25th
percentile for levels of organochlorine contamination (of stream beds) for both urban and rural
waterways (Fuhrer: 1999). In regional studies, the Willamette continues to be named as an
important potential source of DDT in the Columbia River (Anderson et al.: 1997). Also, recent
tests by the Oregon Department of Environmental Quality showsthat DDT metabolites are
currently present in the valley’ s groundwater (DEQ: March 2004). Thus, while there is no clear
mean level of contamination for the Willamette and itstributaries, it is clear that DDT remains a
significant issue.

The possible sources of this pollution are varied. Due to the constant movement of rivers,
water can remain contaminated at a single point only if materials are continually introduced
through direct point-source pollution, air deposition, the contamination of the water’s source, or
the non point-source input of surrounding soils and sediments from both in and nearby the
waterway. Pollution from the atmosphere is unlikely in this case because a) DDT is no longer
sprayed, b) DDT does not last long in the atmosphere, and ¢) atmospheric depositions are too
irregular to account for a particular site-specific problem. Direct point-source pollution isalso an
unlikely source, since DDT is no longer used for any industrial processes, nor islikely to be
found in any large amount in municipal discharges (Toxicological Profile: 2002). While source
contamination may be a possibility for some of the river’s most polluted tributaries (e.g., the
Tualatin River and Amazon Creek), thisis not likely an issue for the river’s main stem, whose
headwaters are remarkably clean. However, waters flowing from certain highly polluted
tributaries may be a critical component of main-stem contamination. Due to the relative scarcity
of data, more comprehensive tests are needed to draw any definite conclusions as to how certain



tributaries contribute to the contamination of the Willamette River. Finaly, it is also possible that
asignificant amount of DDT directly enters the main stem from irrigation run-off and
contaminated riparian areas. In both scenarios, it islikely that most DDT enters the water by the
leaching, flooding, and run-off of contaminated soils, as organochlorines have been shown to
persist the longest in sediments (Toxicological Profile: 2002). Supporting this hypothesis,
studies in Washington and California have shown that in areas of heavy agriculture, soil leaching
and runoff remains the single greatest cause of surface water contamination with DDT (Larson,
et al.: 1997).

Historically, there were many opportunities for DDT to contaminate Oregon soils.
Current pollution levels, along with government documents show that not only was DDT used
heavily for agriculture but in forestry, and in homes and businesses as well (Anderson et al.
1996; Anderson et al.: 1997; Fuhrer: 1999). Even after its ban, the U.S. Forest Service continued
to use DDT for several yearsin efforts to eradicate the gypsy moth (Williams: 1978). Further,
even those areas where DDT was not directly applied may be polluted, as numerous studies have
shown the vast ability of organochlorines to shift and cover large areas (Toxicologica Profile:
2002). As a consequence of these factors, virtualy all types of land may be suspect.
Unfortunately, except for afew isolated studies, we currently lack extensive data on the presence
of DDT and its metabolitesin the valley at large, making it difficult to determine how soilsin
certain areas may be contributing to the river’s pollution more than others. Nonethel ess, based on
national studies of contamination patterns we can determine that certain types of sediment are
more likely to be heavily contaminated.

Because large amounts of DDT were used in forestry, it islikely that a significant amount
of DDT residues remain in forested areas (Larson: 1997). Fortunately, because forested
landscapes tend to act asfiltersin hydrologic systems, it isunlikely that a great amount of DDT
iswashing out of them. Rather, the vast majority of the chemical is probably tied up in the trees,
underbrush, and soil. There is a possibility that significant anounts of DDT are captured within
trees. Both within the forest, and in processed wood, this may pose risks to animals and humans
alike, but further study would be necessary to determine how and to what extent. Under natural
circumstances, erosion is not amajor problem in forested areas. But due to logging, whole
hillsides can be swept away in mudslides. Aside from the obvious damage caused by such a
massive loss of topsoil, the dissemination of DDT should also be considered as a possible



environmental impact. Thankfully, the instances when slides move sediments directly into
waterways are relatively infrequent.

Because 80 percent of DDT was used in agriculture, areas of intense farming continue to
have some of the most contaminated soils, particularly where orchards and row crops dominated
(Rinella, J.F. et a: 1993; Toxicological Profile: 2002; Larson: 1997). These areas are of
particular concern because, due to both the geographical layout of most farmland and the
modifications of irrigation, they are especially prone to the movement of sediments, from regular
run-off to major flooding. When large amounts of these sediments are moved, trapped chemicals
may be released into the environment with dangerous results. Such situations have been
documented around the nation. For example, a study conducted the San Joaquin Valley
discovered that approximately 136 grams of DDT made it into the river each day as aresult of
normal irrigation practices. Then, in January 1995 a massive storm sent large amounts of
sediment, and with it, more than 4,500 grams of DDT (including all metabolites) into surface
waters each day, more than awhole season’ s worth of contamination, al in one shot
(Toxicological Profile: 2002). Thus, while DDT has not been introduced to the environment via
agriculture for many years, agricultural run-off continues to pose a massive threat to water
quality.

While soilsin agricultural areas are often highly contaminated, urban areas tend to have
higher overall levels of contamination (Fuhrer: 1999; Toxicological Profile: 2002). Though few
tests have been done on patterns of contamination within urban zones, it is likely this pollution
comes from a number of sources. old chemical plants, home lawns and gardens, public parks and
open spaces, and discarded consumer products. With exception to industrial sites, it would be
difficult to assess and control the flow of contaminantsin these areas, due to the widely diffuse
nature of these sources. Still, great care should be taken to prevent the flow of sediments from
urban areas into waterways, either from open lots, bare riparian areas, or construction sites. Care
should be especially taken with the sites of former chemical plants, as these pose one of the
greatest of threats of dioxin contamination (Larson: 1999; Toxicological Profile: 2002).

Finally, aside from these areas, parts of the hydrologic system itself may harbor and
contribute DDT. Lakes, especialy those created by dams, block large amounts of sediment from
moving downstream. Consequently, they often become repositories for all kinds of chemical
pollutants moving through ariver system (Francisco: 2004). In the Willamette Basin, there are a



total of 13 such dams, all of which were built and maintained prior to the banning of DDT.
Likewise, low gradient portions of rivers, wetlands, floodplains all may act as repositories for
organochlorines (Toxicological Profile: 2002). Any one of these sites can become a dangerous

source of pollution if their sediments are disturbed.

V1. Assessing the Risks and M aking Recommendations

Whileit is clear that the presence of dioxinsin the Willamette Valley harbors significant
problems for the basin’s health, to what degree this poses arisk is somewhat uncertain. There are
many variables that impact the patterns and levels with which local populations may become
contaminated, particularly in the case of humans. Likewise, there remain many other pressing
health and environmental issues. DDT isonly one of awhole long list of toxic pollutants that
pose major risks throughout our ecosystem. Our knowledge of many of these remains extremely
small, and smaller yet when we consider what effects they may have when combined in our
bodies and environment. Still, many of the same mechanisms that release DDT into circulation
release others as well. Even with such variables, it is possible to identify clear risks and how we
might avoid them.

First, the movement of sediments should be carefully monitored, and all purposeful
movements should be done with care. Sedimentsin lakes, reservoirs and lower gradient portions
of the river should be treated with just as much care as farmland, for activities like dam removal
and dredging may release high levels of stored DDT. Likewise, flash flooding can have
disastrous consequences for the spread of contaminants.

Second, additional studies on levels and patterns of pollution in the basin are badly
needed, and with this we need to better educate the public. Even though we know DDT to exist
throughout the basin, alack of comprehensive testing that allows for irregular levels of
contamination has resulted in there being only onelisting for DDT on the state’ s 303d list of
polluted waters. Likewise, considering the dangerous nature of DDT residuesin soil, both as
run-off, and as contaminators of our food supply (Schafer: 2002), it would be judiciousto
instigate a soil testing program through the state Extension Service, so that local farmers may
determine levels of chemical pollutants in their farmland. Such a study would not only help

ensure the safety of our food source, but give greater insight into major sites of water



contamination. Then, all information concerning patterns of DDT pollution should be published
in the public domain.

Third, | was unable to locate but a few studies that addressed DDT levelsin wildlife
specific to the Willamette Basin. We cannot know the full extent that these pollutants are
affecting our ecosystems without further data on the chemical loads of loca wildlife.

Finally, while numerous studies have been done on the role of fish consumption in
human DDT contamination, little work has been done on the other ways such pollutants now
reach us. General studies of mean human chemical loads should be carried out to help determine
at what level DDT may be affecting public health. As a part of this, local incidences of cancer
could be studied in tandem with levels and locations of DDT contamination. These

environmental pollutants may give us someinsight into our diseases.

Works Cited

Anderson, et al. Distribution of Dissolved Pesticides and Other Water Quality Constituentsin
Small streams, and their Relation to Land Use, in the Willamette River Basin, Oregon,
1996. Portland, OR: USGS, Water-Resources Investigations Report 97-4268, 1997.

Anderson, et a. Occurrence of Selected Trace Elements and Organic Compounds and their
Relation to Land Use in the Willamette River Basin, Oregon, 1992-1994. Portland, OR:
USGS Water-Resources Investigations Report 96-4234, 1996.

Clark, Donald. Dicofol (Kelthane) as an Environmental Contaminant: A Review. Washington,
D.C.: U.S. Fish and Wildlife Service, 1990.

Center for Health and Environmental Justice. A Comprehensive List of Studies of Human
Contamination. Falls Church, VA: Center for Health and Environmental Justice, 2000.

Cocco, P. et a. Cancer Mortality and Environmental Exposure to DDE in the United States.
Environmental Health Perspectives, 2000. (108) 1:1-4.

Cooke, A.S. The Effect of p,p’-DDT on Tadpoles of the Common Frog (Rana temporaria).
Environmental Pollution, 1970. (1):57-71.

Cooke, A.S. Shell Thinning in Avian Eggs by Environmental Pollutants. Environmental
Pollution, 1973, (4):647-652.

Curtis, L. et a. Environmental Stresses and Fish Deformities in the Willamette River (Project
Status Report, Dec. 2003). Corvallis, OR: Oregon State University, 2003.

DEQ (Oregon Department of Environmental Quality). Willamette River Toxics Study. Portland,
OR: DEQ, 1994.

DEQ. Human Health Risk Assessment of Chemical Contaminants in Four Fish Species from the
Middle Willamette River, Oregon. Portland Oregon: DEQ, November 2000.

DEQ. Oregon Draft List of Water Quality Limited Water bodies-- 303(d). Portland, OR: DEQ),
2002.

DEQ. Willamette Basin Groundwater: Pesticide Summary (March 2004). Portland, OR: DEQ),
2004. Online at http://www.deg.state.or.us/wg/groundwa/WillBasinGW.htm.

DEQ. Site Summary Report- Details for Site ID 398. Portland, OR: May, 2004. Available online
at http://www.deg.state.or.us’'wmc/ECSI/ecsidetail .asp?seqnbr=398.




Dewallly, E. et a. High Organochlorine Body Burden in Women with Estrogen Receptor-
Positive Breast Cancer. Journal of the National Cancer Institute, 1994. (86):232-34.

Edmunds, J.S.G. et al. Permanent and Functional Male to Female Sex Reversal in d-rR Strain
Medaka Following egg micro-injection of 0,0'-DDT. in Environmental Health
Perspectives, 2000. (108):219-24.

Edwards, T.K. Assessment of Surface Water Quality and Water Quality Control Alternatives,
Johnson Creek Basin, Oregon. Portland, OR: USGS Water-Resources Investigations
Report 93-4090, 1994.

EPA. DDT: A Review of Scientific and Economic Aspects of the Decision to Ban ItsUseas a
Pesticide. Washington, D.C.: EPA-540/1-75-022, 1975.

Falck Jr., F. et a. Pesticides and Polychlorinated Biphenyl Residuesin Human Breast Lipids and
their Relation to Breast Cancer, Archives of Environmental Health, 1992. (47):143-46.

Francisco, Edna. Tales of the Undammed. Science News. April 10, 2004 (165), p. 235-37.

Fuhrer, Gregory, et a. The Quality of Our Nation's Waters: Nutrients and Pesticides. Reston,
Va.: U.S. Dept. of the Interior; Denver, CO: USGS Information Services, 1999.

Gambrell, Robert et a. Project Summary: Behavior of DDT, Kepone and Permethrin in
Sediment-Water Systems Under Different Oxidation-Reduction and pH Conditions.
Athens, GA: U.S. Environmental Protection Service (EPA), July 1981.

Guillette, L.J. et al. Developmental Abnormalities of the Gonad and Abnormal Sex Hormone
Concentrations in Juvenile from Contaminated and Control Lakesin Florida.
Environmental Health Perspectives Supplement, 1994. (102) 8:680-688.

Harri, M.N.E. et a, Toxicity and Retention of DDT in Adult Frogs, Rana temporaria L.
Environmental Pollution, 1979. (20) 1:45-55.

Hunter, D.J. et a. Pesticide Residues and Breast Cancer: The Harvest of Slent Spring? Journal
of the National Cancer Institute, 1993. (85):598-99.

Keith, L. Environmental Endocrine Disruptors. New Y ork: Wiley, 1997.

Larson, Steven J. et al. Pesticides in Surface Waters. Distribution, Trends, and Governing
Factors. Chelsea, Michigan: Ann Arbor Press, 1997.

Mussalo-Rauhamaa, H. et a. Occurrence of Beta-Hexachlorocyclohexane in Breast Cancer
Patients. Cancer, 1990. (66):2124-28.

NCAP (Northwest Coalition for Alternatives to Pesticides). Altering Oregon’s Destiny:
Hormone-Disrupting Pesticides in the Willamette River. Eugene, OR: NCAP, 1997.

NRC. Animals as Sentinels of Environmental Health Hazards. Washington, D.C. National
Research Council, 1991.

Orris, P. et al. Persistent Organic Pollutants and Human Health. World Federation of Public
Health Associations, USA. May 2000. (Available online at: http://www.al pha.org/
wfpha/popsfinal.pdf).

Rinella, F.A. Evaluation of Organic Compounds and Trace Elements in Amazon Creek Basin,
Oregon, Sept. 1990. Portland, OR: USGS Water-Resources | nvestigations Report 93-
4941, 1993.

Rinella, F.A. et a. Seasonal and Spatial Variability of Nutrients nad Pesticides in Streams of the
Willamette Basin, Oregon. Portland, OR: USGS Water-Resources Investigations Report
97-4082-C, 1997.

Rinella, J.F. et a. Persistence of the DDT pesticide in the Y akima River Basin. Denver, CO:
USGS, 1993.

Schafer, K.S. et a. Persistent Toxic Chemicalsin the U.S. Food Supply. Journal of Epidemiology
and Community Health, 2002. (56) 11: 813-817.




Steingraber, Sandra. Living Downstream. New Y ork: Vintage Books, 1998.

Toxicological Profilefor DDT, DDE and DDD (Update). Washington, D.C.: U.S. Dept. of
Health and Human Services, September 2002.

Williams, Carroll B. et a. Effects of Carbaryl, Trichlorfon and DDT on Collapsing Douglas-Fir
Tussock Moth Populations in Oregon. PSW Research Note (no. 334). Berkeley, CA:
USDA Forest Service, 1978.

Wolff, M.S. et a. Blood Levels of Organochlorine Residues and Risk of Breast Cancer. Journal
of the National Cancer Institute, 1993. (85):648-52.

Wolff, M.S. Organochlorine Chemicals and Children’s Health. Journal of Pediatrics, 2002.
(140):10-13.

Woodward, A.R. et a. Low Clutch Viability of American Alligators on Lake Apopka. Florida
Science, 1993. (56) 1:52-62.




	uoregon.edu
	Alletta Brenner
	DDT and its Metabolites in the Willamette River Basin



