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COMW TTEE ON RESEARCH AND DEVELOPNMENT

M. John C. Farnan
Gener al Superi nt endent
OFFI CE

AGENDA SUMVARY: Endocrine Disrupting Conpounds, Antibiotics,
and O her Pharnaceuticals in the Water Environ-
nment

Dear Sir:

The purpose of this letter is to provide you with an overview
and update on the issue of endocrine disrupting conpounds, anti-
biotics, and other pharmaceuticals in the water environnent that
are receiving increasing attention by the United States Environ-
mental Protection Agency (USEPA), environnmental groups, and the
press. How these issues inpact the Metropolitan Water Recl ana-
tion District of Geater Chicago (District), and what the D s-
trict is doing about them wll also be discussed.

I . Endocri ne Di srupting Conpounds

A. | ssue

The endocrine system consists of several glands in different ar-
eas of the animal and human body that produce hornones wth
various functions. These functions include growth, reproduc-
tion, netabolism and others. The USEPA has defined an endo-
crine disrupting conpound as “an exogenous agent that interferes
with the synthesis, secretion, transport, binding, action, or
elimnation of natural hornones in the body that are responsible
for the maintenance of honeostasis, reproduction, devel opnent,
and/ or behavior.”
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Over 100 conpounds are now considered to be endocrine disrup-
tors. These can be divided into five categories.

steroi d conpounds (estrogens)
surfactants (nonyl phenol and its ethoxyl ates)

pesticides, herbicides, and fungicides (DDT, diel-
drin, 2,4-D)

pol yaromati ¢ conmpounds (PAHs, PCBs, brom nated fl ame
retardants)

organi ¢ oxygen conpounds (phthal ates, di oxi ns,
bi sphenol A)

From the above groups, estrogen conpounds and nonyl phenol and
its derivatives are getting the nobst research interest due to
their potency. Brom nated flane retardants, bisphenol A, PCBs,
and dioxins are al so being studi ed.

Al t hough endocrine disrupting chem cals can have numerous ef-
fects on living organisns, the nmain areas of current concern are
the foll ow ng:

So-called “femnization of river fish” which nmay
affect fish popul ation densities.

Deformties in frogs.

Earlier onset of puberty in humans, decreasing sperm
counts in nmale humans, and subtle birth defects.
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The scientific comunity is currently divided on the magnitude
and inportance of the endocrine disruptor problem I n general
the femnization of fish seenms to be the issue where there is
nore of a consensus of a problem The other issues relative to
endocrine disruptors are still being w dely debated because of a
| ack of scientific research and studies. However, sone research
i ndicates that these types of endocrine disrupting conmpounds can
have adverse effects, especially on aquatic organisns, even at
extrenmely | ow concentrations.

B. | npact on the District

In the sinplest terns, all five categories of endocrine disrupt-
ing conpounds previously listed enter District water reclamation

plants (WRPs) in the raw sewage. They originate from female
urine, from household products, from industrial wastes, and from
surface runoff after a rain event. In general, the predom nant

source of steroid conpounds is female urine, the predom nant
source of surfactants is a conbination of house hold waste and
i ndustrial waste, the predonm nant source of pesticides, herbi-
cides, and fungicides, and the polyaromatic conpounds is a com
bi nation of industrial waste and surface runoff, and the pre-
dom nant source of organi c oxygen conpounds is industrial waste.

These conpounds are present at extrenely | ow concentrations that
are often in the parts per billion range and at tinmes even in
the parts per trillion range. At these low levels, the District
| aboratories do not have the sophisticated instrunmentation re-
quired to neasure them Thus, for a |large nunber of these com
pounds, we do not know how nuch is entering our WRPs, how nuch
is leaving our WRPs either in the effluent or the biosolids, and
at what |evels these conpounds are occurring in our river sys-
tens. Research does indicate that sonme of these conpounds are
removed during the wastewater treatnment process. However, many
researchers, many environnmental groups, and the USEPA are al
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pointing to wastewater treatnent plants as one of the | argest
di schargers of endocrine disrupting conpounds to the water envi -
ronnment. It is the anount of these conpounds in a waterway that
ultimately affects fish life, and indirectly affects humans be-
cause wastewater treatnment plant effluent ultimtely becones the
source of drinking water for the downstream user.

C. District Action

1. District staff is followwing the scientific literature on
this issue. This is allowing us to |learn nore about the
probl em of endocrine disruptors in the water environnment,
about new analytical techniques for neasuring endocrine
di sruptors, and about technologies for renoving endocrine
di sruptors during the wastewater treatnent process.

2. District |aboratories are analyzing raw sewage, final ¢€f-
fluent, sludge, biosolids, and waterway sanples for the en-
docrine disrupting conpounds that we can detect with our

exi sting analytical equipnent. These include sonme of the
surfactants; sone of the pesticides, herbicides, and fungi -
cides; and sonme of the polyaromatic conpounds. As nen-

tioned previously, in nost cases the concentrations are be-
low District |aboratory detection limts.

3. Where possible and cost effective, we are sending sanples
to university researchers and private |aboratories for
anal ysis of sone endocrine disrupting conpounds.

4. When possible through nutual interest, we are sending sam
ples to the USEPA | aboratories for analysis of sonme endo-
crine disrupting conpounds. This is done at no cost to the
District.

5. W are working with the USEPA, Region V, to learn nore
about potential sources of endocrine disrupting com
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pounds in the District service area, and also to |earn nore
about the effects that endocrine disrupting conpounds are
having on the District’s waterways.

6. W are supporting Water Environnent Research Foundation
(WERF) projects on this subject through the paynent of our
annual nemnbership dues.

To the best of our current know edge, the only feasible nethod
of reducing endocrine disruptor concentrations is through con-
trol of these conpounds in the market place by limting their
manuf acture or their use in commercial, industrial, and residen-
tial applications.

1. Antibiotics

A. | ssue

Antibiotics are chemi cal or biological conpounds given to humans
and animals to treat or prevent bacterial infections. In the
United States, a doctor’s prescription is needed to obtain these
conpounds, but they are sold over-the-counter in some countries.
Exanples of antibiotics are penicillin, anoxicillin, tetracy-
cline, G pro® B axin® etc.

Medi cal research has indicated that bacteria have the ability to
gain resistance to certain antibiotics if they are msused or
overused by people, and that this resistance is then passed
along to succeeding generations of these sanme bacteria. Thi s
leads to the creation of so-called *“antibiotic resistant
strains” of bacteria, which are considered very dangerous as
people infected with them do not respond to conventional nedical
treatment. At present, this can be a problemin a hospital set-
ting, where docunented cases of patient deaths have been re-
ported fromacquiring antibiotic resistant infections after sur-
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gi cal procedures. The current solution to this problemis for
pharmaceuti cal conpanies to continually devel op new types of an-
tibiotics. However, there is alimt as to how nany antibiotics
can be devel oped.

B. | npact on the District

1. I nfected individuals who use antibiotics inappropriately
can produce antibiotic resistant bacteria in their systens,
and these can be discharged into the sewer systens in their
saliva, feces, and urine. Al so, healthy individuals ex-
posed to antibiotic resistant bacteria can becone infected,
and |ikew se discharge their wastes into the sewer system

2. Phar maceutical industry wastewater containing antibiotics,
unused antibiotics disposed of by individuals, and un-
met abol i zed anti biotics which people excrete can all enter
the sewer system in |ow concentrations. These |l ow |evels
of antibiotics (usually in the parts per billion range) can
exert a natural selection process at the wastewater treat-
ment plant. This results in antibiotic resistant bacteria
bei ng propagated within the wastewater treatnent plant or
in rivers downstream of the wastewater treatnent plant ef-
fl uent di scharge.

Limted research indicates that all types of bacteria entering a
wastewater treatnment plant are significantly reduced in nunber

as they pass through the various treatnent stages. However ,
sone bacteria survive the treatnent processes and are present in
final effluent and biosolids. Limted research also indicates

that the disposal of unused antibiotics and the di scharge of un-
net abol i zed antibiotics is occurring, but it is unclear as to
the magnitude of the problem from an environnental standpoint.
This is a relatively new area of research

The District does not have the sophisticated anal ytical instru-
ments needed to analyze for antibiotics in our wastewater. In
addition, the D strict does not have the sophisticated m crobio-
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logical facilities that are required to |look for various antibi -
otic resistant bacteria. Therefore, at this tine no research on
this issue is being perfornmed at the District.

C. District Action

1. District staff is following the scientific literature on
this issue. This will allow us to understand the extent of
the problemrelative to the wastewater treatnent i ndustry.

2. We have recently entered into a cooperative agreenment with
researchers at Purdue University to analyze District bio-
solids for antibiotics, and also to track the fate of these
antibiotics, if found, at land application sites receiving
bi osolids. Purdue University has obtained a research grant
to do this work, and it is being done at no cost to the
District.

3. The Engineering Departnment will be preparing plans to re-
nodel a room at the Cecil Lue-H ng Research and Devel opnent
Conmplex in 2004 for use as a nolecular biology research
| aboratory. Al though the study of antibiotic resistant
bacteria is not our main interest for this new |aboratory,
this type of work could be perforned if this issue becones
nmore inportant in the future.

To the best of our current know edge, control of this problem
resides with the health care profession and the pharmaceuti cal
i ndustry.

I[11. Oher Pharmaceuti cal Products

A. | ssue

Hundreds of nedicines are produced and/or prescribed in the
United States. Wen individuals consune these products, a por-
tion of the dose may pass through the body unnetabolized and en-
ter the sewer system Peopl e al so dispose of unused nedicines



M. John C. Farnan 8 Decenber 19, 2003
For Board Meeting of January 8, 2004)

AGENDA SUMVARY: Endocrine Disrupting Conmpounds, Antibiotics,
and O her Pharnmaceuticals in the Water Environ-
ment

by flushing them down the toilet. The pharmaceutical industry
al so discharges wastes containing various pharnmaceutical prod-
ucts into the sewer system

Thus | ow concentrations, often in the parts per billion range,
of all types of pharmaceutical products can be entering District
WRPs. The District does not possess the sophisticated anal yti-
cal equi pment needed to anal yze these conpounds, and we do not
know to what extent these products pass through the wastewater
treatment process unchanged, |eaving the WRP in either effluent
or biosolids.

Recent research has found trace anounts of various pharnaceuti-
cal products in many of the nation’'s rivers and streans. It is
postul ated that some of these could be effecting aquatic organ-
i SNB. For exanple, a recent report stated that neasurable |ev-
els of Prozac® an antidepressant, had been found in fish tis-

sue. It is speculated that this could effect the behavior of
fish.
B. | npact on the District

Al of these products usually end up in the sewer system and
pass through the wastewater treatnent process, ending up in ei-
ther final effluent or biosolids. At this time, research work
has not progressed to the point of truly know ng the signifi-
cance of these discharges into the environnent.

C. District Action

District staff is followng the scientific literature on this
issue. This wll allow wus to understand the extent of the
problem relative to the wastewater treatnent industry. This is
a nationw de, societal problem which the D strict currently
does not have the resources to actively address.
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Like the problem with antibiotics, we believe that the contro
of disposal of wunused nedicines resides wth the health care
prof ession and the pharnmaceutical industry. The control of the
di scharge of unnetabolized nmedicines will require extensive re-
search by the USEPA to develop effective and affordable treat-
ment technol ogies for the wastewater industry.

The discharge of endocrine disrupting conpounds, antibiotics
and ot her pharnmaceutical products is a conplex societal problem
that does not lend itself to an easy solution. The di scharge
of these conmpounds and products to the water environment, espe-
cially in effluent dom nated waters, may threaten fish and ot her
aquati c organi sns.

Respectful ly subm tted,

Ri chard Lanyon
Director
Research and Devel opnent
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