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Health Effects Program Impact sur la santé

Great Lakes Water and Your Health

A summary of
“Great Lakes Basin Cancer Risk Assessment:
A Case-control Study of Cancers of the Bladder, Colon and Rectum”

The Great Lakes and their connecting waterways are a vital "
source of drinking water, as well as an important recre- What was the purpose of the study’

ational resource for a large number of Canadians living in Health Canada began tleat Lakes Basin Cancer Risk
the basin region. While there has been an overall reductiomAssessment Study 1992 to look at the relationship

of contaminants in the Great Lakes basin since the 1970s, between exposure to water from various sources in the Great
contamination of the lakes through human activity has led Lakes basin and the risk of cancers of the bladder, colon and

to public and scientific concern for the ecosystem, includingrectum. These cancers were chosen for investigation
the health of the people living in it. Since the most commonbecause previous studies had shown that they were link

way for people to be exposed to water in the Great Lakes to the use of chlorine-treated water. The study was led by

basin is through the drinking water supply, health effects of Dr. Loraine Marrett and Will King (currently at Queen’s
contaminants in this water are of particular importance.  University in Kingston) at the University of Toronto and

Municipally supplied water is carefully treated and the Ontario Cancer Treatment and Research Foundation.

systematically monitored. Many municipalities use chlorineDr. Yang Mao of Health Canada’s Laboratory Centre for

for water disinfection because it is the most effective and Disease Control in Ottawa was also involved in the study.

ad

cost-efficient means of reducing harmful bacteria and The focus of the study was exposure to contaminants|
viruses capable of causing severe and life-threatening through the use of municipally supplied water, with special
diseases. Chlorine, however, reacts with the organic emphasis on chlorination by-products. A group of chemi-
material naturally present in water to produce a number of cals called trihalomethanes (THMs) was chosen for particu-
by-products. Evidence from toxicologic (animal) and lar attention because they are not only the most prevalent of
epidemiologic the chlorination by-products, but are also good indicators of

(human) studies
suggests a link
between
by-products of
the chlorination
process and
increased risk of
some cancers.

chlorination by-products in municipal water supplies can
occur through consumption of the water, breathing the
vapours through showering or absorbing these materials
through bathing.

As a secondary objective, the study also examined th

use such as swimming and fish consumption.

Who participated in the study?

The Great Lakes Basin Cancer Risk Assessment Stadya

case-control study. People diagnosed between 1992 an
1994 with the cancers being studied (“cases”) were iden

Research Foundation. Individuals were contacted with t

sen by contacting households at random from telephone

holds volunteers who did not have cancer. Controls wer

relationship between these cancers and recreational water

the presence of other chlorination by-products. Exposure to

a)

d
ti-

fied from a database called the “Ontario Cancer Registry,”
| which is maintained by the Ontario Cancer Treatment and

he

consent of their physicians. The “control” group was cho-

directories in the study area, and selecting from these house-
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chosen to be similar to cases based on age and sex. The
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What are chlorination
by-products and how are they
formed?

Chlorination by-products are chem-
ical compounds that form when
water containing organic matter
(the decay products of living things
such as leaves, human and animal
wastes, etc.) is chlorinated. While
the chlorine is effective in inactivat-
ing disease-causing micro-organ-
isms, its addition to water can lead
to the formation of a number of
chlorination by-products, such as
trihalomethanes (THMS).

organic material + chlorine
compounds = THMs and other
by-products

Of the chlorination by-products, the
THMs are present in the highest
quantities. Other chlorination by-
products have recently been identi-
fied (e.g. halogenated acids and
halogenated acetonitriles) and are
beginning to be evaluated for
potential health risks. THMs are
currently used as indicators of the
presence of these other by-products.

Levels of THMs in drinking water
are strongly dependent on several

relaionship betveen &posue to water factos and cancer
of the Hadder, colon and ectum vas &xamined ly compar
ing the eposues of the cases and the cofr

Roughy 5,000 esidents of Ontéw counties south
of Sudlury andTimiskaming paticipated in the stugd
The stug area contains 93% of the Onimpopuldion
(approximately 10 million people). In 199Geaty 60%
of the stug populdion was seved y a nunicipal weter
souce talken from the Gea Lakes (Rgure 1).

How was the stug carried out?
Information was collected tlmugh a questionnairtha par

ticipants angrered over the
telephone Questions dealt
with: the places people had
lived in the past and the
type of water suppy a

ead place (i.e puldic/
municipal or pivate well);
their usual inta& of \ari-
ous bods and beerages
(including weter and dinks
made with hot/cold ater);
their consumption of &sh
water fish; the amount and
type of waterbased ecre-
ational actvities they took
patt in; and other basic
information (age, s&, etc).
Information on other &c
tors tha might afect pee

Figure 1:Water Source for the study population in 1990
Other surface water

Ground water

Great Lakes water

ple’s fisk of cancersud as eting haits and smokingwas
gathered to allav the eseathers to contol for the efects
these &ctors could hge on cancer incidence and to emsur
they did not infuence the assodians with water-relaed
EXPOSUES.

Water treament Bcilities in eab stud/ area were also
sent a questionnairto collect inbrmaion daing badk to
1940 on vater souces and theirt@mcterstics (i.e river,
lake or gound vater; tempeature; deoth of intale pipe;
chlorination dose; and &@ments emplged),and also the
area seved This information was used to estin@the con
centition of THMs in puldic water supplies ¥ geagraphic
area and time The concenttion of THMs is measied
in tems of pats per billion (ppb)which represents the

Water Treatment and Disinfection

Source }
Water

Pre-
Screening

C i i i Filtration

Disinfectant
(most often a chlorine compound)

The procedure used by water treatment facilities to make drinking water fit for human consumption

factors: where the water came from
(rivers have higher organic content
than lakes); the water temperature
and acidity; the method used to
screen out suspended matter; the
season (there tends to be less
organic matter in the water sources
during the winter and therefore lower
levels of chlorination by-products);
chlorination dose; and other char-
acteristics of the treatment process.

varies. Depending on the quality of the raw water source, the volume of water treated and the distance
over which the water is distributed to consumers, some facilities will use more treatment steps than others.

Water is drawn from a surface or ground source and passed through a screen that removes large
debris (such as leaves). A disinfectant, typically a chlorine compound, may then be added to inactivate
harmful bacteria, viruses and some parasites. Alum (which concentrates suspended particles) and lime
(which changes the acidity of the water) may also be added. The water may then go through a process
of coagulation (clumping of particulates—referred to as “flocs”), sedimentation (flocs settle and collect
at the bottom of the tank) and/or filtration to remove smaller particles. Chlorine or chloramine is again
added prior to distribution of the treated water to prevent it from becoming recontaminated with
bacteria during its journey through the water pipes to the consumers.
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Figure 2:Distribution of study population according to
estimaed THM levels in their water supply in 1990

Between 50 and 74 ppb
(parts per billion) Between

25 and 49 ppb

Greater than
75 ppb

Less than
25 ppb

number of micograms ofTHMSs per lite of water. The
distribution of THM levels in the stud populdion in 1990
accoding to estimted THM levels in water supplies is
shawvn in Fgure 2.

Information from the tvo

Relative Risk
detemine the veter souce
used ly eat paticipant
and its teament br eah
year & eat place of esk

The Relative Risk is a measure of
the likelihood of developing some
outcome (e.g. bladder cancer) in
the presence of a particular factor
(e.g. use of chlorinated surface
water) as compared with the likeli-
hood of developing the same out-
come when the factor is not present.

water chamacterstics were
then &amined in elaion
to the rsks of the cancer
being studied These
factos induded the type
of souce water (ie ary

Relative Risk
1.0: no difference between cases
and controls. (The relative risk in

guestionnaies was used to

dence Factos representing

surface vater, Gred Lakes suréce vater, ground vater),
whether or not the ater was tlorinated and the estintad
levels of THMs in the teaed weater.

Did the source of the vater affect the level of risk

for these cances?
There is no sugestion thawater from Giea Lakes souces
poses a higheigk for the cancer being studied thanater
from non-Gea Lakes souces. In &ct,the esults of the
study shaw tha risks for bladder and colon cancerear
slightly higher br those using ater from all surfice vater
sources (ivers and inland lags in adition to Gea Lakes
souces) thandr corsumes of Ged Lakes weter specifcally
(Figure 3).This is likely due to thedct tha treaed water
from rivers tends to be higher ingamic content and is
therefore moe likely to containhigher lavels of dilorination
by-products after gament.

Were dhlorination by-products from water tr edt-
ment associged with higher risk of these cances?

The stug found thalong-tem consumption of f[dorinated
surface vater was assoctad with inceased sk of badder
cancer and &s sugestive of an inceasedisk of colon cancer
(Figure 4). In anajsis amining yeas of &posue to an
estimaed THM concentation greaer than 50 pplthose
exposed 6r 35 years or moe were & significantly increased
risk for both ladder and colon cancgezompaed with those
exposed or less than 10gas (Fgure 5). For those subjects
exposed to the samevigl of THMs in their vater suppy for
25 yeass or mor, increasedisk was obsered for increased
concentations of THMs for both ladder and colon cancer
(Figure 6).

No evidence vas bund tha chlorination by-products led
to an inceasedisk of rectal cancer

the group of the people with 0 to 9
years of exposure in Figures 3, 4 &
5 is fixed at 1.0).

Greater than 1.0: the factor (i.e.
water source, THM level) increases
the risk of the cancer in question.

Bladder Cancer

Rectal Cancer

Less than 1.0: the factor reduces

Figure 3: Cancer risk associged with the use
of water from Grea Lakes souces and all
surface souces br 35 years or more

colon cancer |
source

Figure 4. Cancer risk associged with the
use of dlorinated surface vater sources or
35 years or more

the risk of the cancer in question.
Bladder Cancer I

In the graph the relative risks that Colon Cancer |

are statistically significant are
indicated by “SR” (increased risk: 0 05
not likely due to chance). This Relative Risk
means that relative risks as high
or as low as those observed are
not likely due to chance.

recaicancer ||

The above risks are those associated with use of the specified
water source for 35 years or more and are relative to the risks
associated with use of water from this same source for 0 to 9 years.
SR = increased risk: not likely due to chance

Great Lakes
Colon Cancer | |
SR l All surface
l sources
(including
Great Lakes) Rectal Cancer :}
1.5 2 0 0.5 1 1.5 2

Relative Risk

The above risks are relative to the risks associated with
use of chlorinated surface water sources for 0 to 9 years.

SR = increased risk: not likely due to chance
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Figure 5: Cancer risk associged with years Figure 6: Cancer risk associged with the use of What can be done to reduce
using water with THM levels gedaer than 50 water with the specifed THM levels fr 25 years or the creation of chlorination

ppb (parts per billion) more of the past 40 gars by-products in municipally
treated water?
]
1000 19yeas B 25075 Bl
35 years or more ancer 75 ppb or greater Cancer Researcﬁ is continuing to investi-
gate various changes to current
ég fo ;z years L] Colon 250750 [ | Gl treatment methods through which
tossyears [ -
35 years or more | o Cancer 75 ppb or greater | sg|  Caneer the /eyels of chlorination by-prod-
ucts in treated water can be
L ] 9
ég to ;Z years — Rectal swmph | Rectal reduced. For example, reducing
o 34 years Cancer Cancer the extent of pre-treatment of
ssyearsormore [ 7ppoorgreater [ | ; : ,
water with chlorine reduces chlori-
0 0% ! Lo 2 0 05 ! Lo 2 nation by-products. Other water
Relative Risk Relative Risk y-p i ;
. ) ) ) ) ) ) _ _ ) treatment options include remov-
The above risks are relative to the risk associated with use of The above risks are relative to the risk associated with use of ing th . tter f th
water with THM levels greater than 50 ppb for 0 to 9 years water with THM levels less than 25 ppb for 25 years or more. Ing the organic m a er frrom tne
of the past 40 years. SR = increased risk: not likely due to chance raw water so that it cannot react

SR = increased risk: not likely due to chance with the chlorine to form by-prod-

l ucts, and taking steps to remove

the by-products by using activated

Are there any alternatives to chlorination? e e e s e
chemicals. The particular needs

A few municipalities are now using ozonation as a primary disinfectant for drinking water treatment, of each facility must be evaluated

since ozonation does not form chlorination by-products. Because ozone breaks down quickly, however, and the improvements most

it is still necessary to add small amounts of chlorine to the water to ensure continued disinfection while appropriate to its treatment

the water passes through the distribution system. Modifying water treatment facilities to use ozone is process must be determined.

expensive, and ozone treatment creates other undesirable by-products that can be harmful to health if Changes made to the process

they are not controlled (e.g. formaldehyde and bromate). of water disinfection must not

. . . . . . . ) compromise its effectiveness.
Chloramine or chlorine dioxide can also be used as alternatives to chlorine for primary disinfection. In

the_ﬂnfal, or secondary, stages of disinfection, chlorine or chloramine is used to keep water disinfected Changes to current treatment and
while it travels from the treatment plants to consumers. use of alternative water treatments
will depend on a number of fac-
Did the study find an assocition between the Although thee is con | tors. including: the quality of
consumption of fsh or recreational activity inthe ~ sidewmble uncetainty in the | Source water; the cost of conver-

. . . . sion; the length of the distribution
Grea Lakes and cancer isk? tr;]s;lg gtslfgnﬁzy dset?/g?gs?(t)ma system; and the assessments of
The stug found no assodi@n between eitherecredional some of these caneecould el A AT
actity or the consumption of self-caughter Lakes fsh be pevented though futher produced by the alternatives. The
and Badder, colon or ectal cancer These two risk factos, reduction of Igels of most appropriate treatment method
however, were not ivestigeted as igorously as &posue to ENTES WSS (D I IE)

AN ; . chlorination by-products. plants and must be assessed on a
Chl.onnatlon.b/'pmduas' Further angsis of these da is Since stug results indicte | case-by-case basis. Support your
being considead

increasing isk with increas | local treatment plant in efforts

. ing yeas of posue, it being made to optimize the use of
How much bladder, colon and rectal cancer in may be seeral yeass bebre | chiorine in water treatment.
Ontario could be due to blorination

by-products in treated water?

Although the eldive risks ae small,they are impotant
because of the substantialmber of people in Ontiar
using dlorinated surice vater over mary yeas. Results
of this stug suggest tha between 10% and 13% of alll
bladder and colon cancein Ontaio may be dtributable

to long-tem exposue to dilorinated surfice vater. For
compaison,over 50% of fadder cances ae piobably due
to smoking and 40% to 60% of colon canaeey be elaed
to dietay factos (i.e high consumiion of dietay fat and/or
low consumption of fiiit and \egetables).
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What do the results of this study mean to you and your family?

The results of this study suggest an increase in bladder and colon cancer risk associated with expo-
sure to chlorination by-products in drinking water supplies. Risks are highest for those with the
longest duration of exposure (35 years or more) and the highest concentrations. In general, levels
of chlorination by-products are highest in chlorinated water from surface water sources (especially
rivers and inland lakes which have high organic content). People using treated water from sources
with low chlorination by-products (i.e. ground water), or those who have used water with high levels
of chlorination by-products for shorter periods of time (less than 35 years), do not appear to be at
increased risk.

The weight of evidence from toxicologic (animal) and epidemiologic (human) studies suggests a link
between by-products of the chlorination process and increased risk of some cancers. The lifetime
probability, however, that an individual living in Ontario will develop bladder or colon cancer due to
the use of chlorinated water is quite low. For example, about 1.34% of men who are exposed to
chlorinated surface water for 35 years or more will develop bladder cancer before the age of 70,
while about 1.00% not exposed to chlorinated surface water will develop it. For women, approxi-
mately 0.37% of those exposed to chlorinated surface water will develop bladder cancer before the
age of 70, compared with 0.27% of women who are not exposed.

It is important to remember that the risk of developing bladder or colon cancer is influenced by
many things, not just factors related to drinking water. Several other factors, for example smoking
for bladder cancer, and aspects of diet for colon cancer, will also influence your risk.

Because of the limitations of current treatment methods, the authors do not recommend
eliminating the use of chlorine at this time since chlorination inactivates disease-causing
viruses, bacteria and some parasites. The authors do, however, recommend that disinfection
practices that reduce the formation of chlorination by-products be investigated further, with the
objective of reducing these by-products.

the health dects assoctad with the eduction of lgels of
chlorination by-products ae gpaent.

o _ Drinking Water
How do these indings compare with those of Guidelines for THMs

other studies?

This stug suppots the @erall weight of &idence fom
pulished scientit reseach tha thee is an assodian

In May of 1993, the
Canadian drinking water
guideline for total THMs was

Are there Canadian Drinking
Water Guidelines?

There are Guidelines for Canadian
Drinking Water Quality (CDWG)
which identify substances that have
been found in drinking water and
are known, or suspected, to be
harmful. For each substance, the
Guidelines establish a maximum
acceptable concentrations (MACSs)
and/or aesthetic objectives for the
physical, microbiological, chemical
and radiological characteristics of
public and private drinking water
supplies. Guidelines are based on
information published in scientific
literature around the world, as well
as on data collected by field
research and through laboratory
experiments. Interim maximum
acceptable concentrations (IMACs)
are established when the ideal
value (based on scientific knowl-
edge) is not yet achievable due to
practical limitations (i.e. limitations
in analytical and treatment technol-
ogy, and cost of conversion to new
technologies).

The provision of drinking water is a
Provincial/Municipal responsibility.
In Ontario, the Ontario Drinking
Water Objectives (ODWO) are set
by the Ontario Ministry of Environ-
ment and Energy (OMOEE) primar-
ily following the Guidelines for
Canadian Drinking Water Quality.

between the use ofhtorinated weter and kadder cancer
risk, and a somgha wealer associgon with colon cancer
risk. Unlike some other studiethis stug did not fnd

an assoction between use oftdorinated weter and ectal
cancer

Are theTHMs themselves causing the xcess
cancers?

It is not possike to detemine whether the xcess tadder
and colon canceisk detected in this stydvas due to
THMs, or whether it vas due to othenbproducts of blori-
naion tha co-eist with THMs, or to other &ctois in weter
that were not meas@d or considexd

reduced from a MAC of 350 ppb (parts per billion) to an IMAC
of 100 ppb. This IMAC is based on the risk associated with
chloroform, the THM most often present and generally found
in the greatest concentration in drinking water. The IMAC is
based on assessments of health considerations, available
treatment and analytical technology, as well as economic
feasibility. The guideline will remain an IMAC until the risks
from other disinfection by-products are determined. It is not
expected that all water systems will be able to meet the
revised THMSs guideline immediately. When water systems
are expanded or upgraded, every effort should be made not
only to meet the revised guideline, but to reduce concentra-
tions of THMs to as low a level as possible. Many water
treatment facilities have been implementing methods for
several years to reduce levels of THMs and other chlorina-
tion by-products in treated water.
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Contacts
How can you reduce your exposure to THMs and some

other chlorination by-products? (1) If youare interested in more information about the study,
please contact:

Great Lakes Health Effects Program, Health Canada
Jeanne Mance Bldg., Tunney’s Pasture

The following measures can be used to reduce the levels of THMs
and some other chlorination by-products in treated water used for

drinking:
P.L. 1904B
W agrate tap water in a blender; Ottawa, ON K1A 0K9
m store water in the refrigerator for 24 hours; (613) 957-1876
W uSe water treatment devices containing activated carbon
(Note: it is important to follow all filter flushing and replacement or
instructions to avoid risks of bacterial contamination). Ontario Cancer Treatment and Research Foundation
620 University Ave.
Are there other studies under way that examine Toronto, ON  M5G 2L7
the relationship between municipally treated Judy Irwin (416) 217-1213

water and human health? _ _ o o |

, L (2) For information on guidelines for drinking water quality

A national study was recently initiated by the Laboratory in Canada, please contact:
Centre for Disease Control of Health Canada to investigate '

the potential risks associated with THMs, based on individ- ~ Drinking Water Section/Health Canada

uals’ lifetime history of residence. Cancer sites being Jeanne Mance Bldg., Tunney’s Pasture

studied include the liver, testis, brain, pancreas, prostate, P.L. 1912A

stomach, kidney and lung, as well as leukaemia and non- Ottawa, ON K1A 0K9

Hodgkin's lymphoma. Results from this study should fur- ~ (613) 952-2594

ther clarify the potential for health risks associated with or visit the Water Quality home page on the WWW at:

chlorinated municipal water. The data collection is sched- http:/Awww.hc-sc.gc.ca/waterquality
uled for completion by March of 1997.
Risk assessment of chlorine-based disinfectants (includ- £4, more information on drinking water objectives in
ing chlorine dioxide, chlorate, chlorite and chloramines) and Ontario, please contact:
chlorination by-products is currently under way. The results
of these studies could be especially significant since THMs ~ Standards Development Branch
may not be the cause of the increased bladder and colon can- Ontario Ministry of the Environment and Energy

cer risk observed in this study. 2 St. Clair Ave. West, 12th Floor
A study is also being planned by Health Canada to Toronto, ON M4V 1L5
investigate the effect of temperature on the formation of (416) 323-5095

disinfection by-products. This will provide further informa- _ _
tion on the types of by-products present in treated water, asQuestions on the levels of THMs and other by-products jin
well as which by-products remain in the water when itis ~ your community’s drinking water should be directed to the
boiled. Results of this study are expected by the spring ~ municipal treatment plant serving your community.

of 1996. . . . .
(3) For information on public health issues related to

Thanks to the Study Participants! drinking water in Ontario, please contact:
The study team at the Ontario Cancer Treatment and Public Health Branch

Research Foundation/ University of Toronto and Health Ontario Ministry of Health

Canada are very grateful to those who gave their time and 5700 Yonge Street, 8th Floor

effort to participate in this study: patients, people who North York, ON  M2M 2K5

served as controls, physicians and water treatment facility ~ (416) 327-7427
staff. Epidemiological studies involving questionnaires can

be stressful for the families and individuals involved. These

studies are made possible by a public willing to participate.

They contribute to a better understanding of public health

issues in the Great Lakes basin and also worldwide. Studies

such as this can be used as the basis for risk reduction

strategies, including environmental clean-ups, better

treatment technology and pollution prevention initiatives.
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