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Abstract: This review is presented in two sections. One is an introduction for the lay
person, and the other is a technical discussion. It addresses the pollutants in air from
vehicle emissions and the effects of rain washing these into the ground water, rivers, and
reservoirs and ultimately the area’s drinking water. The effects of these pollutants, known
as PAHs, and how they pertain to the unexplained effect on local male fish, described in
The Washington Post reports mentioned in this brief review. Other dangers of these
compounds are summarized, and these strongly support a transition to safer, cleanerburning alternative fuels such as ethanol and bio-diesel. Updated references at the end
of this review.

Introduction.
There are recent reports in The Washington Post (ref. 1) of male bass
in the D.C. area waterways, such as the Potomac River, having unexplained
“intersex” traits over the past few weeks – they have female eggs. While
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these female traits have been attributed to pollution, no solid conclusions
have been drawn about this cross-sexual phenomenon. No mention of
pollutants from air washing into drinking water supplies was mentioned.
This review summarizes a more probable reason, based on scientific
evidence published in past years, which are related to pollution in waterways
from atmospheric contaminants which are produced from burning petroleum
products. The major cancer-causing and gene-altering compounds from
vehicle exhaust (and other processes) are called “PAHs”, or polycyclic
aromatic hydrocarbons. These toxic by-products of combustion not only
enter our lungs in the air, but fall, or are carried by rain, into our waterways
and concentrate there over time, affecting our drinking water supplies.

The effects of PAHs on wildlife can range from almost harmless all
the way to possible regional extinction in the extreme. A more detailed
explanation follows in the Technical Discussion following this introduction.
PAHs come from a variety of industrial sources, but in non-industrial
areas, the primary source is from burning gasoline and diesel fuel, and
tobacco smoke. Fuel emissions are the greater source for atmospheric
contamination. These compounds, mostly bound to particulates in the
exhaust, have been implicated in health problems, ranging from asthma to
lung cancer, and even skin and breast cancer.
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Another effect on the environment is the ability of these pollutants to
affect reproduction since PAHs and their metabolites can mimic and
interfere with certain hormones. In aquatic life reproductive system
processes, for example, these compounds can act as “endocrine disruptors” –
resulting in male fish showing female traits.
Among the 100 or so PAHs in the environment from combustion
processes, the more deadly ones include benzo[α]pyrene, or “BaP. This
compound has been studied for years as a cancer-causing agent (see
Technical Discussion).
Drinking water contains varying concentrations of PAHs, and EPA
has set “acceptable limits” for humans. The highest acceptable amounts of
BaP, for example, is BaP at 0.2 ng/m3 in air and 0.2 µg/L in water (or one
10-billionth of a grams per about a quart of water, or one 10-millionth of a
gram in air breathed for about 5 minutes). Exposure for a long period varies,
as does the source.
The amounts of these pollutants concentrate in water, depending
mostly on frequency of rainfall, and include water flow into larger bodies of
water. Concentrations of mutagens (gene-altering compounds) have been
studied widely, including those in Washington, D.C., Baltimore, and
Chesapeake Bay area waters (ref. 36), and these have even been found to be
linked to leukemia.
Investigating PAHs in tobacco smoke and those from vehicle
emissions show the same dangerous PAHs in both. While cigarettes have
warnings as to lung cancer risks, birth defects, etc., the same compounds –
more widely spread in the atmosphere from exhaust – are not equated with
those warnings even though both combinations of pollutants are virtually the
same. No warnings are at the pump.
It is very likely that emissions from petroleum products have a role in
the observed changes in male bass in the drinking water supply. This seems
to lend strong support that alternative fuels, such as ethanol and biodiesel
will be a necessity in the future if we want to maintain our health.
Technical Discussion
Recent attention has been given to the finding of male bass in the Washington,
D.C. area waterways having the ability to produce eggs as reported in three articles in
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The Washington Post (1). This was attributed to pollution, particularly from animal
waste. However, this phenomenon, in fact, can most accurately be explained through
mutagenic pollution in the water supply resources, and possibly endocrine disruptors.
EPA has recently been questioned by members of Congress on this matter and why it was
not investigated when this first became known in 1996 (1).
It is well-documented in the literature that certain airborne combustion products
contain trace amounts of carcinogenic and mutagenic polycyclic aromatic hydrocarbons,
PAHs (2,3). Standards have been established for the allowable concentrations of these in
air by EPA and other government agencies, but these are in conflict to some extent
(10,11,14,24,25).
These PAHs consist of at least a hundred compounds (5), ranging from virtually
innocuous to extremely hazardous as classified under the Clean Air Act (4). The primary
concern are the combustion products from fossil fuels, notably emission exhaust from
internal combustion engines, such as those in cars, buses, trucks, aircraft, and also
tobacco smoke, etc. (2,3,4,8,10,11,18,25).
Among the most toxic, carcinogenic, and mutagenic compounds in the
environment covered in the literature is benzo[α]pyrene (BaP), which has been shown to
cause cancer in animals for decades. BaP is also implicated in cancer in humans, such as
lung, mouth, stomach, esophagus, intestinal, and skin (5,9,11,13,15,19,23,24,25) and
breast (32).

benzo[α]pyrene
BaP exists in most ambient air, however the major source of contamination in
rural and urban areas is from vehicle exhaust (2,3,4). Human studies abroad show this
pollutant is carcinogenic in humans (3,9,15,19,24), however these severe toxic effects are
only recognized in the U.S. by EPA as “probably carcinogenic [and mutagenic] in
humans” (2). Other countries have concluded that sole reliance on U.S. EPA rules is
problematic (14), including countries in Europe (14,24,25).
When these PAHs are released into the atmosphere by internal combustion
engines, they remain in the air at varying concentrations mostly attached to particulates
from the sources. When these compounds fall (or are washed by rain) into water supplies
(2), they become of concern which is additional to just air contamination problems
(2,3,6). These can cause mutagenic effects in fish (26), and alter sex steroid receptors,
increasing the vulnerability to endocrine disruptors, according to a recent EPA report
(33).Ultimately, they concentrate in water sources and to an extent, show presence in
drinking water (2,3,6).
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PAHs have been implicated in detrimental health effects besides cancer, including
reproductive and development problems (4,7,15) and other problems, yet PAHs and BaP
levels in drinking water are not currently reported in local water reports to the general
public. EPA and NIOSH have set “acceptable levels” of PAHs similar to BaP at 0.2
ng/m3 in air and 0.2 µg/L in water (4,7,15). EPA further states that BaP is expected to
“bioconcentrate in aquatic organisms that cannot metabolize it” (7). Occupational air
concentrations have been shown to be as high as1,200 ng/m3 (14), and water
concentrations vary greatly by area, e.g., rural vs. urban, etc. (24). PAH concentrations
are markedly reduced by addition of various amounts of alcohols to fuel, such as ethanol
(18).
Water supplies in the Washington, D.C.-Baltimore area, the Chesapeake Bay, and
even Los Angeles have been shown to contain PAHs from airborne particles, containing
about 15% human cell mutagens (36). Other reactions with PAH content from fuel
emissions, such as those with environmental ozone and ·NO3 radicals from engine
emissions, are known to produce other atmospheric mutagens and procarcinogens in
research studies partly funded by EPA, Ford Motor Company, and DOE (12,13,18).
Airborne PAH sources (mostly bound to particulates) affect people prior to
combining with water. There is no safe level of PAHs known for children exposed to
diesel exhaust from school buses (29), and other problems with contaminated air and lung
cancer have been summarized (25). Tobacco smoke has been compared to emissions, and
found to have basically the same PAH content (20), however cigarettes have lung cancer
warnings while EPA still lists PAHs from emissions as “probably cancer-causing in
humans” (16,17).
PAH-DNA adducts can account for the gene-altering potential of these
compounds (30,31,32). In fact, these adducts are implicated in effects in utero and
chromosome damage in the fetus in the 1st trimester (27), which have been related to
childhood cancers (31). PAH-DNA adducts resulting from vehicle emissions and tobacco
smoke have been cited in the literature as leading to breast cancer (32), since PAHs are
stored in the fatty material of the breast (23). PAHs attack lymphoblasts and have been
implicated in lymphoblastic leukemia (28,36). Furthermore, purification of water for
drinking at local facilities can usually remove only up to 80% of PAHs (32).
It is interesting to note that EPA has updated its report on sex steroid endocrine
disruptors (33), and issued a paper on EPA agenda for studying same to the year 2010
(34). This apparently did not come up in the Congressional questioning as set forth in The
Washington Post, October 5, 2006 (1). This report includes endocrine disruptors in
mammals, birds, and fish following exposure to PAHs and the development of methods
for endocrine disruptor challenge to fish from populations exposed to PAHs (33). Also,
the report states, “PAHs could bring about an increased vulnerability to additional
exposures to agonists/antagonists of sex steroid receptors (EDC’s)” (updated March 2,
2006). Other such studies are reported to be in progress (35).
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It is also interesting to note that population growth demands a higher rate of
drinking water, and more vehicles will occupy the roads traveling at a slower pace. With
the limited water-processing facilities available, the increasingly contaminated drinking
water resources will have to be processed at a much high rate. The faster water is
processed, holding current capacity constant, the lower the amounts of impurities
removed due to decreased PAH adsorption rate during the last steps of purification.
Reportedly, EPA states that it has reviewed several thousands of papers on these
issues, and about 120,000 comments. However, they were not included in the 2006
report, and the next report will not be issued until 2010 (22).
The conclusion suggested by this review is that it would be extremely
advantageous to pursue fuel alternatives, such as ethanol, which is clean burning, and
biodiesel fuels, which pollute less than other diesel fuels. Updated References 37 to 45
refer to subsequent Washington Post articles and reviews on PAHs causing breast
cancer, birth defects, and autism.
The author: Dr. Welebir analyzed water samples, including drinking water, while
working for his M.S. and Ph.D. degrees in the 1970’s under grants from the Naval
Research Laboratory and the U.S. Army (Ft. Belvoir, VA). His area of expertise is in
organic/biochemistry. He worked in cancer drug research and patenting new anti-cancer
agents, and he currently works in the organic agricultural products field (over 25 years)
for his company, Bio-Gard Agronomics, Inc., P.O. Box 4477, Falls Church, VA 22044.
E-mail: Calcium25@aol.com.
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