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Members of the Aamjiwnaang First Nation community near Sarnia, Ontario, Canada, voiced
concerns that there appeared to be fewer male children in their community in recent years. In
response to these concerns, we assessed the sex ratio (proportion of male births) of the
Aamjiwnaang First Nation over the period 1984-2003 as part of a community-based participatory
research project. The trend in the proportion of male live births of the Aamjiwnaang First Nation
has been declining continuously from the early 1990s to 2003, from an apparently stable sex ratio
prior to this time. The proportion of male births () showed a statistically significant decline over
the most recent 10-year period (1994-2003) (m = 0.412, p = 0.008) with the most pronounced
decrease observed during the most recent 5 years (1999-2003) (7 = 0.348, p = 0.006). Numerous
factors have been associated with a decrease in the proportion of male births in a population,
including a number of environmental and occupational chemical exposures. This community is
located within the Great Lakes St. Clair River Area of Concern and is situated immediately adja-
cent to several large petrochemical, polymer, and chemical industrial plants. Although there are
several potential factors that could be contributing to the observed decrease in sex ratio of the
Aamjiwnaang First Nation, the close proximity of this community to a large aggregation of indus-
tries and potential exposures to compounds that may influence sex ratios warrants further assess-
ment into the types of chemical exposures for this population. A community health survey is
currently under way to gather more information about the health of the Aamjiwnaang community
and to provide additional information about the factors that could be contributing to the observed
decrease in the proportion of male births in recent years. Key words: community-based, endocrine
disruption, environmental exposure, First Nation, sex ratio. Environ Health Perspect 113:1295-1298
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There is increasing evidence that the human
live birth sex ratio can be altered by a number
of environmental and occupational chemical
exposures. For example, lower proportions of
male offspring have been observed in popula-
tions exposed to dioxin (Mocarelli et al. 2000),
mercury (Sakamoto et al. 2001), pesticides
(Garry et al. 2003; Goldsmith 1997; Jarrell
et al. 2002), polychlorinated biphenyls (PCBs)
(del Rio Gomez et al. 2002; Weisskopf et al.
2003), and parental smoking (Fukuda et al.
2002). It has been hypothesized that some of
these environmental and occupational chemi-
cals may act as endocrine-disrupting com-
pounds (EDCs), influencing the sex ratio by
changing the hormonal milieu of the parents
(James 1996), or by inducing sex-specific mor-
tality #n utero (Sakamorto et al. 2001).

The birth sex ratio (male:female) of a
population is often reported as the male pro-
portion (7 = number of male births divided
by the total of all births). Worldwide, the
human live birth sex ratio is remarkably con-
stant, ranging between 102 and 108 male to
100 female live births (7 = 0.504-0.519)
(Bartleby.com 2003). In Canada, the sex ratio
is generally reported to be 105:100 (M:F)
(m=0.512) (Allan et al. 1997). Although the
sex of the human embryo is genetically con-
trolled and determined at the time of concep-
tion, there is evidence that the sex ratio can
be partially influenced by both endogenous

and exogenous factors. Endogenous parental
hormone concentrations of gonadotropins
and/or testosterone at the time of conception
are suspected to play a role in determining
the sex of offspring (James 2004). Exogenous
factors such as stress, parental disease, and
exposure to certain chemicals appear to have
some influence on the live birth sex ratio and
may act by altering the parental hormone sta-
tus (James 2004).

Sex ratios have been suggested as a non-
invasive monitor of the reproductive health of
a population (Davis et al. 1998; James
1997a). Changes in the sex ratio have been
used to assess the reproduction of populations
with demonstrated exposures to EDCs
(Mocarelli et al. 2000), as well as in commu-
nities near hazardous chemical sites (Williams
et al. 1995). Altered live birth sex ratios may
also be a useful indicator of public health, in
that they reflect death at earlier stages of
development than traditional indicators such
as perinatal and infant mortality (Williams

et al. 1995).
Materials and Methods

We assessed the live birth sex ratios for the
Aamjiwnaang First Nation community in
Ontario, Canada, in response to concerns
voiced by members of the community regard-
ing the perception of fewer male children in
recent years. This birth sex ratio assessment
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was part of a broader community-based inves-
tigation undertaken by the Aamjiwnaang in
collaboration with the Occupational Health
Clinics for Ontario Workers (OHCOW)
along with scientific consultants, professionals,
and students from a wide range of disciplines.
The exploration included such quantitative
measurements as soil, sediment, wildlife, fish,
and air sampling, along with a door-to-door
health survey and interviews. In keeping with
the principles of community-based participa-
tory research (Hall 1979, 2003; Hagey 1997;
Hills and Mullett 2000; Keith and Brophy
2004), the community itself has been involved
in all major decision-making about the direc-
tion of the research and has participated in
much of the data collection.

Aamjiwnaang First Nation. The
Chippewas of Aamjiwnaang have approxi-
mately 850 band members residing on the
Aamjiwnaang reserve land (Information
Management Branch Department of Indian
Affairs and Northern Development 2001).
This reserve is located within the area identi-
fied as the St. Clair River Area of Concern by
the Canada—-U.S. Great Lakes International
Joint Commission (Environment Canada
2005) and is situated immediately adjacent to
the Sarnia-Lambton Chemical Valley—one of
Canada’s largest concentrations of industry.
The reserve is surrounded by several large
petrochemical, polymer, and chemical indus-
trial plants. The community provided
informed consent and assistance to collect live
birth sex ratio data from the Department of
Indian and Northern Affairs database (Indian
and Northern Affairs Canada, Ottawa,
Ontario, Canada) for the period 1984-2003
(representing the full length of record). Births
and deaths of members of the Aamjiwnaang
First Nation are reported on a monthly basis
to the Department of Indian and Northern

Address correspondence to C.A.Mackenzie, c/o 171
Kendall St., Point Edward, ON, Canada, N7V 4G6.
Telelephone: (519) 337-4627. Fax: (519) 337-9442.
E-mail: cmack046@uottawa.ca

We thank the Aamjiwnaang Environmental
Committee for their interest and assistance. We also
thank T. Colborn, M. Gilbertson, and N. Birkett for
comments and encouragement, and W. Teel and
J. Brophy for facilitating this study.

C.M. received funding from the McConnell
Foundation, Ecosystem Health Program, Faculty of
Medicine, University of Western Ontario.

The authors declare they have no competing
financial interests.

Received 7 July 2005; accepted 16 August 2005.

1295



Mackenzie et al.

Affairs by the Aamjiwnaang Lands and
Memberships clerk.

Statistical analysis. We calculated the pro-
portion of male births for the Aamjiwnaang
community by dividing the number of male
live births by the total of all live births for each
year 1984-2003. We used linear regression to
examine the trend in the proportion of male
births over time. Based on the data, we pro-
duced two linear regression lines to estimate a
point in time where slopes of the regression
lines deviate and the trend in the proportion of
male births begins to decline. We then calcu-
lated the proportion of live male births for
both 5- and 10-year intervals over the duration
of the study period and compared these data to
the expected proportion of males for Canada
(m = 0.512), as well as a “control” First Nation
community (7 = 0.520) using Pearson’s chi-
square analysis. The “control” community sex
ratio was calculated from comparable data for
a genetically similar, yet geographically dis-
tinct, Chippewa First Nation band that has
requested to remain anonymous. Because the
male proportion in the “control” community
(m = 0.520) was not statistically different from
the expected Canadian male proportion
(x? = 0.098, df = 1, 2 = 0.754), all analyses
shown were performed using the Canadian
male proportion (72 = 0.512) as the expected
value.

Results

Altered sex ratios. Examination of the propor-
tion of male births for the Aamjiwnaang com-
munity over the study period 1984-2003
(Figure 1) shows that the proportion of male
births appears to be relatively stable for the
period 1984-1992; linear regression
(7 = 0.000) shows a slope not significantly
different from zero (p = 0.990). A second lin-
ear regression for the period 1993-2003

038
07
=]
06| ®
[ |
T L T

Proportion male
I~ [
-~ o

o
w

02

T T T T T T T T T T 1
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Year

Figure 1. Proportion of live male births (male live
births/total live births) for Aamjiwnaang First
Nation 1984-2003. The dotted line is the expected
male proportion for Canada (0.512). The dashed line
is the linear regression line for the period
1984-1992; /2 = 0.000; slope not significantly differ-
ent from zero (p = 0.990). The solid line is the linear
regression line for the period 1993-2003; /% = 0.547;
statistically significant deviation of slope from zero
(p=10.009).
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(7 = 0.547) shows a declining trend in the
proportion of male births with a statistically
significant deviation of slope from zero
(p = 0.009).

When the sex ratio data were categorized
into 5- and 10-year periods, we found a highly
significant decrease in the proportion of male
live births (7 = 0.348, x* = 7.472, df = 1,
2 =0.006) for the Aamjiwnaang community
during the most recent 5-year interval
(1999-2003) compared with the expected sex
ratio (Table 1). We also observed a statistically
significant decrease in the proportion of male
births when the data were categorized into 10-
year intervals over the period 1994-2003
(m=0.412, x> = 7.100, df = 1, p = 0.008)
(Table 1).

Discussion

Evidence of chemical exposures influencing
sex ratios. Normal variation in sex ratio can
be expected in any population, especially with
a small sample size; however, the extent of the
sex ratio deviation for Aamjiwnaang appears
to be outside the range of normal. Following
relatively stable sex ratios from 1984-1992,
there was a significant decline in the propor-
tion of male live births for the period
1993-2003 (Figure 1). The continuing
reduction in the proportion of male births is
most apparent in the most recent 5-year
period (1999-2003, m = 0.348; Table 1),
indicating that there may be an ongoing
process manifesting as a reduction in sex ratio
starting in the early to mid-1990s. Previous
studies have demonstrated that populations
exposed to environmental contaminants such
as endocrine disruptors, cither through their
close proximity to industrial plants or
through other sources such as food, can have
significant changes in the reproductive ability
of the community, including the sex ratio.
Table 2 summarizes some findings on the
influence of environmental and occupational
exposures on sex ratios.

Table 1. Total live births, proportion of live male
births (male live births/total live births), 2 and
p-value for Aamjiwnaang First Nation 1984-2003
arranged in 5- and 10-year periods.

Total  Proportion
live male

Period births  births x2 p-Value
5-Year

1984-1988 173 0538  0.185 0.667

1989-1993 185 0.551 0.532 0.466

1994-1998 215 0.451 1.574 0.210

1999-2003 132 0348 7472 0.006*
10-Year

1984-1993 358 0545  0.807 0.369

1994-2003 347 0412 7.100 0.008*

aChi-square was performed using an expected male pro-
portion equal to 0.512; df = 1. *Highly significant statistical
deviation (p < 0.01) from the expected proportion of males
using Chi-square analysis.

There has been speculation that declining
trends in the proportion of male births during
the later part of the 20th century in industrial-
ized countries including Canada, the United
States (Allan et al. 1997), Sweden, Germany,
Finland, Denmark, and the Netherlands
(Davis et al. 1998) could be attributed to
environmental contaminants and endocrine
disruption. Conversely, other studies have
shown increases in sex ratio (Lancaster and
Day 1998), or no change (Grech et al. 2003),
and it is unlikely that a single mechanism can
account for the changes observed in any one
country, given the scale of these studies (James
1998). However, changes in sex ratios of small
populations can be used more reliably as a sen-
tinel indicator of altered reproduction, espe-
cially when there is a documented exposure to
environmental or occupational chemicals
(James 1998).

There are several possible routes of expo-
sure to chemicals that may affect the repro-
ductive ability of a community. Populations
can be exposed to contaminants through
industrial accidents such as in Seveso, Italy,
where young men exposed to high concentra-
tions of dioxins sired significantly more female
children than male (Mocarelli et al. 2000).
Several studies have examined the sex ratios of
communities exposed to different types of air
pollution with conflicting results: a decrease in
sex ratio was observed for residential areas
exposed to air pollution from local incinera-
tors (Williams et al. 1992); an increase in sex
ratios was observed in areas close to a steel
foundry (Lloyd et al. 1984, 1985), communi-
ties close to natural gas (Saadat et al. 2002)
and petrochemical industry (Yang et al.
2000b); and no effect on sex ratio was
observed for general air pollution (Williams
et al. 1995) and in another (less powerful)
study of municipalities close to a petroleum
refinery plant (Yang et al. 2000a). Other
routes of exposure to contaminants such as
PCBs include food sources. Decreased sex
ratios have been associated with maternal con-
sumption of Great Lakes fish (Weisskopf et al.
2003) and fish contaminated with methylmer-
cury (Sakamoto et al. 2001). To make matters
more complicated, paternal Great Lakes fish
consumption appears to increase the offspring
sex ratio (Karmaus et al. 2002).

Although there is mounting evidence that
environmental and occupational exposures to
contaminants can affect sex ratios, the results
to date can be difficult to interpret because of
conflicting results and the number of variables
that appear to be involved. The effect of a
chemical exposure on a population’s sex ratio
appears to depend on a number of factors,
including parental age at the time of exposure,
total exposure level, and whether it is a mater-
nal or paternal exposure (Table 2). For exam-
ple, similar exposures in men and women may
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have different effects on the sex of offspring, as
observed with PCBs (Table 2).

Based on an assessment algorithm used
by Jarrell (2002), there is reasonably strong
evidence linking reduced sex ratios and envi-
ronmental exposures of dioxin, dibromo-
chloropropane, and hexachlorobenzene
(HCB). Although the mechanism of action of
these compounds on sex ratio is not entirely
clear, both dioxin and HCB bind to the aryl
hydrocarbon receptor and may alter sex ratios
by changing the hormonal status of the par-
ents. HCB is also associated with pregnancy
loss in women (Jarrell et al. 1998). Similarly,
other compounds such as methylmercury
appear to increase the number of spontaneous
abortions and stillbirths in exposed popula-
tions, ultimately altering the sex ratio of the
surviving offspring (Sakamoto et al. 2001).
The overall effects of other compounds such
as PCBs on sex ratios will continue to be
clarified with further research.

A 1996 assessment of soil and sediment
contaminants on Aamjiwnaang reserve land
has identified high concentrations [many
exceeding sediment guidelines of the Ontario
Ministry of the Environment and Energy
(2004)] of several contaminants including
PCBs, HCB, mirex, polycyclic aromatic
hydrocarbons (PAHs), and metals (copper,
nickel, lead, mercury, arsenic, chromium,
manganese, iron) (Leadley and Haffner 1996).
Pollutants released by the petrochemical indus-
try surrounding the Aamjiwnaang reserve, as
reported by the National Pollutant Release
Inventory (Environment Canada 2002), are too
numerous to name in entirety but include
volatile organic compounds, ethylene, phtha-
lates, dioxins and furans, HCB, vinyl chloride,
PAHs, ammonia, acrylonitrile, and metals
(nickel, mercury, lead, cadmium, zinc, man-
ganese). Because of the close proximity of this
community to the large aggregation of petro-
chemical industry and potential exposures to
compounds with known effects on sex ratios,
further investigations into the types and routes
of chemical exposures (air, water, food, soil, and
sediment) are warranted for this population.

Evidence of altered wildlife reproduction
in the area. A large body of literature has
accumulated detailing the adverse effects of
EDC:s on the reproductive ability and sexual
development of fish, amphibians, reptiles, and
birds. Numerous studies indicate that wildlife
populations in the Great Lakes area are being
adversely affected by the level of contamina-
tion, and that evidence from wildlife research
could be used as a sentinel for human health
effects (Fox 2001). In the Great Lakes area
close to the Aamjiwnaang reserve, fish with
intersex gonads (both male and female) have
been reported in Lake St. Clair (Kavanagh
et al. 2004). There is also ongoing research in
the St. Clair River Area of Concern region of

the Great Lakes that is documenting reduced
hatching success and altered sexual develop-
ment in turtles as well as changes in the sex
ratios of birds (Environment Canada Canadian
Wildlife Service 2003).

Other population factors influencing sex
ratio. Numerous biological and environ-
mental factors appear to have a minor influ-
ence on sex ratios, including parental age,
parity, birth order, coital rates, infertility,
maternal nutrition (James 1996, 2004), ill-
ness such as insulin-dependent diabetes melli-
tus (Rjasanowski et al. 1998), stress, war
(Ansari-Lari and Saadat 2002), and selective
reproductive practices (Allahbadia 2002).
These influences on sex ratio are generally
considered to play a small role, but cannot be
ruled out completely without additional
information about the study population.

One study has looked at the influence of
race on sex ratios with North American
Indian couples having slightly higher sex
ratios (more boys) than Caucasian couples
(Khoury et al. 1984). Comparison of the
“control” Chippewa First Nation community
to the average sex ratio for Canada showed no

significant difference between the two popu-
lations, indicating that race is likely not play-
ing a role in the observed altered sex ratio of
the Aamjiwnaang community.

Future studies. The Department of Indian
and Northern Affairs database is the most
accurate source of information for First
Nations vital statistics in Canada. However,
there are some limitations to this database
because it potentially includes births of band
members that are not residing on reserve land
and does not provide additional information
about, for example, parental age, parity, or still-
births. A community health survey is under
way to explore a broad range of health con-
cerns among the residents of the Aamjiwnaang
reserve, as well as to gather information on
covariates that may influence live birth sex
ratio, including parental age, length of resi-
dency in the community, sex of stillbirths, and
lifestyle factors such as parental smoking,

The initial assessment of the sex ratios of
the Aamjiwnaang community over the 20-year
period 1984-2003 presented here indicates
that there is a significant ongoing decrease in
the proportion of male live births beginning in

Table 2. The influence of environmental and occupational exposures on sex ratio.

Exposure type  Decreased sex ratio (fewer boys)

Increased sex ratio (fewer girls)

No effect

Dioxin Paternal environmental exposure
postindustrial accident
(Mocarelli et al. 1996, 2000)

Paternal exposure as pesticide

producers (Ryan et al. 2002)

Paternal occupational exposure
(Schnorr et al. 2001)

PCBs Paternal consumption of rice oil
contaminated with PCBs at
< 20 years of age (del Rio
Gomez et al. 2002)

Maternal exposure to PCBs in
Great Lakes fish (Weisskopf
etal. 2003)

Paternal exposure to nematocide
DBCP (Goldsmith 1997)

Pesticide applicators
(Garry et al. 2003)

HCB exposure
(Jarrell et al. 2002)

Maternal exposure to
methylmercury-contaminated
fish (Sakamoto et al. 2001)

Pesticides

Methylmercury

Petroleum

Air pollution Air pollution from incinerators

(Williams et al. 1992)

Radiation Maternal exposure to non-ionizing
radiation (electromagnetic
radiation, strong static) and
paternal exposure to high
voltage (James 1997b)

Paternal exposure carbon type
setters (Milham 1993)

Maternal exposure to clomiphene
citrate (Jarrell 2002)

Occupation

Infertility
treatment
Lifestyle

Paternal exposure to PCBs in
Great Lakes fish eaters
(Karmaus et al. 2002)

Municipalities exposed to
petrochemical air pollution
(Yang et al. 2000b)

Natural gas exposure
(Saadat et al. 2002)

Air pollution from local steel
foundry (Lloyd et al. 1984,
1985)

Paternal occupational exposure
to ionizing radiation
(Dickinson et al. 1996)

Parental smoking (Fukuda et al. 2002)

Consumption of rice oil
contaminated with PCBs and
PCDFs (Yoshimura et al. 2001)

Maternal exposure to HCB
(Jarrell et al. 1998)

Municipalities adjacent to a
petroleum refinery plant
(Yang et al. 2000a)

General air pollution
(Williams et al. 1995)

Background ionizing radiation
(Saadat 2003)

Abbreviations: DBCP, dibromochloropropane; PCDFs, polychlorinated dibenzofurans.
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the early 1990s and continuing to the end of
the study period 2003. Although several poten-
tial factors may be contributing to the observed
decrease in sex ratio, the close proximity of this
community to the large aggregation of petro-
chemical industry and potential exposures to
compounds that may influence sex ratios war-
rants further assessment into the types of
chemical exposures for this population.
Because of the complexities of any population
exposure, causality between a single com-
pound and adverse effect is always difficult to
assess. It is possible that the Aamjiwnaang
community has had multiple chemical expo-
sures over the years that may be contributing
to the overall picture of a reduced sex ratio.
Further assessment must include the identifi-
cation of exposures to compounds that may
already be associated with adverse effects on
sex ratio, determination that the timing of
exposure is appropriate for the observed
change in sex ratio, and elimination of other
potential influences on sex ratio.

REFERENCES

Allahbadia GN. 2002. The 50 million missing women. J Assist
Reprod Genet 19(9):411-416.

Allan BB, Brant R, Seidel JE, Jarrell JF. 1997. Declining sex
ratios in Canada. Can Med Assoc J 156:37-41.

Ansari-Lari M, Saadat M. 2002. Changing sex ratio in Iran,
1976-2000. J Epidemiol Community Health 56:622-623.

Bartleby.com. 2003. Sex ratio. In: The World Factbook.
Washington, DC:Central Intelligence Agency. Available:
http://www.bartleby.com/151/fields/27.html [accessed
31 March 2005].

Davis DL, Gottlieb MB, Stampnitzky JR. 1998. Reduced ratio of
male to female births in several industrial countries: a sen-
tinel health indicator? JAMA 279:1018-1023.

del Rio Gomez I, Marshall T, Tsai P, Shao YS, Guo YL. 2002.
Number of boys born to men exposed to polychlorinated
byphenyls. Lancet 360:143-144.

Dickinson HO, Parker L, Binks K, Wakeford R, Smith J. 1996. The
sex ratio of children in relation to paternal preconceptional
radiation dose: a study in Cumbria, northern England.
J Epidemiol Community Health 50:645-652.

Environment Canada. 2002. National Pollutant Release Inventory.
Available: http://www.ec.gc.ca/pdb/npri/npri_home_e.cfm
[accessed 22 March 2005].

Environment Canada. 2005. St. Clair River Area of Concern.
Available: http://www.on.ec.gc.ca/water/raps/stclair/
intro_e.html [accessed 20 August 2005].

Environment Canada Canadian Wildlife Service. 2003. Fish and
Wildlife Health Effects in the Canadian Great Lakes Areas of
Concern. CW66-223/2003E. Ottowa, Ontario, Canada:Minister
of Public Works and Government Services Canada.
Available: http://www.on.ec.gc.ca/wildlife/factsheets/pdf/
fs-fish_and_wildlife-e.pdf [accessed 30 March 2005].

Fox GA. 2001. Wildlife as sentinels of human health effects in
the Great Lakes—St. Lawrence basin. Environ Health
Perspect 109(suppl 6):853-861.

Fukuda M, Fukuda K, Shimizu T, Andersen CY, Byskov AG. 2002.
Parental periconceptional smoking and male: female ratio
of newborn infants. Lancet 359:1407-1408.

Garry VF, Holland SE, Erickson LL, Burroughs BL. 2003. Male
reproductive hormones and thyroid function in pesticide
applicators in the Red River Valley of Minnesota. J Toxicol
Environ Health A 66:965-986.

Goldsmith JR. 1997. Dibromochloropropane: epidemiological find-
ings and current questions. Ann NY Acad Sci 837:300-306.

Grech V, Vassallo-Agius P, Savona-Ventura C. 2003. Secular
trends in sex ratios at birth in North America and Europe
over the second half of the 20th century. J Epidemiol
Community Health 57:612-615.

Hagey R. 1997. The use and abuse of participatory action
research. Chronic Dis Canada 18:1-4.

Hall BL. 1979. Knowledge as a commodity and participatory
research. Prospects 9:393-408.

Hall BL. 2003. Foreword. In: Community-Based Participatory
Research for Health (Minkler M, Wallerstein N, eds). San
Francisco:Josey-Bass, xiii—xiv.

Hills M, Mullett J. 2000. Community-Based Research: Creating
Evidence-Based Practice for Health and Social Change.
Available: http://www.leeds.ac.uk/educol/documents/
00001388.htm [accessed 22 January 2005].

Information Management Branch Department of Indian Affairs
and Northern Development. 2001. Registered Indian
Population by Sex and Residence 2000. R31-3/2000. Ottowa,
Ontario, Canada:Minister of Public Works and Government
Services Canada.

James WH. 1996. Evidence that mammalian sex ratios at birth
are partially controlled by parental hormone levels at the
time of conception. J Theor Biol 180:271-286.

James WH. 1997a. Offspring sex ratio as a potential monitor of
reproductive disorders in communities near hazardous
chemical sites. Reprod Toxicol 11:893-895.

James WH. 1997b. The sex ratios of offspring of people exposed
to non-ionising radiation [Letter]. Occup Environ Med
54:622-623.

James WH. 1998. Declines in population sex ratios at birth
[Letter]. JAMA 280:1139.

James WH. 2004. Further evidence that mammalian sex ratios
at birth are partially controlled by parental hormone levels
around the time of conception. Hum Reprod 19:1250-1256.

Jarrell J. 2002. Rationale for the study of the human sex ratio in
population studies of polluted environments. Cad Saude
Publica 18:429-434.

Jarrell J, Gocmen A, Foster W, Brant R, Chan S, Sevcik M. 1998.
Evaluation of reproductive outcomes in women inadvertently
exposed to hexachlorobenzene in southeastern Turkey in
the 1950s. Reprod Toxicol 12:469-476.

Jarrell JF, Gocmen A, Akyol D, Brant R. 2002. Hexachloro-
benzene exposure and the proportion of male births in
Turkey 1935-1990. Reprod Toxicol 16:65-70.

Karmaus W, Huang S, Cameron L. 2002. Parental concentration
of dichlorodiphenyl dichloroethene and polychlorinated
biphenyls in Michigan fish eaters and sex ratio in offspring.
J Occup Environ Med 44:8-13.

Kavanagh RJ, Balch GC, Kiparissis Y, Niimi AJ, Sherry J,
Tinson C, et al. 2004. Endocrine disruption and altered
gonadal development in white perch (Morone americana)
from the lower Great Lakes region. Environ Health Perspect
112:898-902.

Keith M, Brophy J. 2004. Participatory mapping of occupational
hazards and disease among ashestos-exposed workers
from a foundry and insulation complex in Canada. Int J
Occup Environ Health 10:144-153.

Khoury MJ, Erickson JD, James LM. 1984. Paternal effects on
the human sex ratio at birth: evidence from interracial
crosses. Am J Hum Genet 36:1103-1111.

Lancaster PA, Day PL. 1998. Declines in population sex ratios
at hirth. JAMA 280:1139-1140.

Leadley TA, Haffner GD. 1996. The Chippewas of Sarnia:
Environmental Assessment. Windsor, Ontario, Canada:The
Great Lakes Institute for Environmental Research, University
of Windsor.

Lloyd OL, Lloyd MM, Holland Y. 1984. An unusual sex ratio of
births in an industrial town with mortality problems. Br J
Obstet Gynaecol 91:901-907.

Lloyd OL, Smith G, Lloyd MM, Holland Y, Gailey F. 1985. Raised
mortality from lung cancer and high sex ratios of births asso-
ciated with industrial pollution. Br J Ind Med 42:475-480.

Milham S Jr. 1993. Unusual sex ratio of births to carbon setter
fathers. Am J Ind Med 23:829-831.

Mocarelli P, Brambilla P, Gerthoux PM, Patterson DG Jr,
Needham LL. 1996. Change in sex ratio with exposure to
dioxin [Letter]. Lancet 348:409.

Mocarelli P, Gerthoux PM, Ferrari E, Patterson DG Jr,
Kieszak SM, Brambilla P, et al. 2000. Paternal concentrations
of dioxin and sex ratio of offspring. Lancet 355:1858—1863.

Ontario Ministry of the Environment and Energy. 2004. Soil,
Ground Water and Sediment Standards for Use Under Part
XV.1 of the Environmental Protection Act. Available: http://
www.ene.gov.on.ca/envision/gp/4697e.pdf [accessed
20 August 2005].

Rjasanowski I, Kloting I, Kovacs P. 1998. Altered sex ratio in off-
spring of mothers with insulin-dependent diabetes mellitus
[Letter]. Lancet 351:497-498.

Ryan JJ, Amirova Z, Carrier G. 2002. Sex ratios of children of
Russian pesticide producers exposed to dioxin. Environ
Health Perspect 110:A699-A701.

Saadat M. 2003. No change in sex ratio in Ramsar (north of
Iran) with high background of radiation [Letter]. Occup
Environ Med 60:146-147.

Saadat M, Ansari-Lari M, Bahaoddini A. 2002. Sex ratio at birth
in Masjid-i-Sulaiman (Khozestan province, Iran) [Letter].
Occup Environ Med 59:853.

Sakamoto M, Nakano A, Akagi H. 2001. Declining Minamata male
birth ratio associated with increased male fetal death due to
heavy methylmercury pollution. Environ Res 87:92-98.

Schnorr TM, Lawson CC, Whelan EA, Dankovic DA, Deddens JA,
Piacitelli LA, et al. 2001. Spontaneous abortion, sex ratio,
and paternal occupational exposure to 2,3,7,8-tetrachloro-
dibenzo-p-dioxin. Environ Health Perspect 109:1127-1132.

Weisskopf MG, Anderson HA, Hanrahan LP. 2003. Decreased sex
ratio following maternal exposure to polychlorinated
biphenyls from contaminated Great Lakes sport-caught fish:
a retrospective cohort study. Environ Health 2:2. Available:
http://www.ehjournal.net/content/2/1/2 [accessed 19 August
2005].

Williams FL, Lawson AB, Lloyd OL. 1992. Low sex ratios of
births in areas at risk from air pollution from incinerators,
as shown by geographical analysis and 3-dimensional
mapping. Int J Epidemiol 21:311-319.

Williams FL, Ogston SA, Lloyd OL. 1995. Sex ratios of hirths,
mortality, and air pollution: can measuring the sex ratios of
births help to identify health hazards from air pollution in
industrial environments? Occup Environ Med 52:164-169.

Yang CY, Cheng BH, Hsu TY, Tsai SS, Hung CF, Wu TN. 2000a.
Female lung cancer mortality and sex ratios at birth near a
petroleum refinery plant. Environ Res 83:33-40.

Yang CY, Tsai SS, Cheng BH, Hsu TY, Wu TN. 2000b. Sex ratio
at birth associated with petrochemical air pollution in
Taiwan. Bull Environ Contam Toxicol 65:126-131.

Yoshimura T, Kaneko S, Hayabuchi H. 2001. Sex ratio in offspring
of those affected by dioxin and dioxin-like compounds: the
Yusho, Seveso, and Yucheng incidents. Occup Environ Med
58:540-541.

1298

voLUME 113 | Numger 10 | October 2005 « Environmental Health Perspectives




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




