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Predominance of female babies on Niue Island – A sign of 
endocrine disruption? 
Gary Mitchell MBChB DCH Dip. Obs. Primex MPH 

‘The potential repercussions of conditions that may alter the ratio of the sexes at birth 
should be considered a matter of utmost concern. The extent to which other adverse 
health consequences are linked to this phenomenon is a matter of grave importance for 
public health’ (Davis et al 1998). 

Abstract 
In 2003, out of the first 18 babies born in Niue there were 17 females. The probability of this occurring by chance 
was 0.0000497. Birth data for the last 20 years in Niue suggests a decline in the proportion of boys over the last 
decade. Local health workers are suspicious that cancer rates in Niue are high, and that there may be a higher than 
expected incidence of infertility, menstrual problems, and miscarriages. Data for the latter conditions is poor. 
Overseas examples of altered sex ratios due to exposure to endocrine disrupting chemicals are researched and 
discussed, and the possibility of such a phenomenon occurring in Niue is raised. Although no specific causative 
environmental agent has been identified, questions are raised, particularly in relation to past dumped chemicals, 
and perhaps to the current widespread use of paraquat. The issue warrants further exploration. Recommendations 
for ongoing research and monitoring are made, as well as precautionary measures to be taken to limit potential 
adverse health effects in the meantime.  

Introduction 
Strong interest in the female:male birth ratio arose this year when it was noted that out of the 18 babies 
born in Niue from January to September 2003, 17 were females. Even with the small numbers 
involved, it seemed improbable that this would occur by chance. A brief literature search revealed 
some interesting material relating to altered sex ratios, from sources as diverse as reputable medical 
journals (Davis et al 1998, Mocarelli et al 2000) to popular interest books (Moore 2002) and 
environmental websites (Montague 1997). Some of this literature made reference to various 
environmental factors which may be responsible for altered sex ratio, and it is notable that some 
endocrine disrupting qualities of these chemicals can lead to such health problems as infertility, 
miscarriage and menstrual irregularities. These health issues feature prominently in the clinical 
caseload of local doctors in Niue, together with an impression that there is a high incidence of cancer in 
Niue. Many chemicals responsible for endocrine disruption can also cause cancer (Longnecker et al 
1997). It was therefore considered important to examine available data and information about these 
conditions to determine whether in fact there was a higher than expected incidence in Niue, and to 
explore possible links between these conditions and local environmental factors, together with an 
examination of how these issues are currently being dealt with.  

The author is a doctor who was working in the only hospital/health centre in at the time of writing. This 
is a small facility, in keeping with the size of the population. There are three doctors, 12 nurses, and 10 
inpatient beds.  

Niue is an isolated Pacific Island, consisting of an uplifted coral limestone plateau perched on top of a 
submerged volcano. Despite being the largest raised coral atoll in the world (26 square km), it is the 
smallest self-governing nation. Niue is situated approximately 480 km south west of Tonga, 660km 
south of Samoa, and 2400 km north east of Auckland. Niue is in free association with New Zealand, a 
relationship that stems from its colonial past. Niueans are Polynesian, with descendants from both 
Tonga and Samoa. The current population is close to 1700. There are 14 villages spread around the 
island. Eight of these are near the coastal area on the western side, and 6 are further inland on the 
eastern side. Some of the smallest villages have less than 100 inhabitants. 

Niueans are New Zealand citizens and enjoy free access to New Zealand. This includes health services 
in New Zealand. Most Niueans live in New Zealand (close to 19,000), and there is a steady flux back 
and forth. However, the net effect is a dwindling population in Niue (see Table 1), and attempts to 
reverse this trend have been unsuccessful. With this dwindling population comes a reduced capacity to 
manage environmental concerns. 
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Table 1: population changes in Niue, 1981-2003 
 
Date 1981 1984 1986 1989 1991 1994 1996 1999 2001 2003 
Population 3281 2887 2531 2267 2239 2300 2089 1913 1788 1722 
 
Source: Department of Statistics, Niue. 
Note: Some of the above figures are inter-Census estimates. 
 

Niue’s climate is both tropical and marine, and provides relatively constant climatic conditions 
throughout the year. Tropical cyclones occur periodically in the summer months, and these have caused 
substantial damage in the past. Niue has a very fragile resource base. Isolation and the poor soil quality 
have limited the flora and fauna species varieties. Forested areas provide building materials for canoes 
and foodstuffs such as fruits, seeds, pigeons, bats and coconut crabs. However, an increasing part of the 
local diet comes from imported foodstuffs, including lots of processed foods. Corned beef remains a 
local favourite. The Huvalu rainforest is one of the largest remaining lowland forests in the Pacific. 
There are difficulties in establishing a fully protected forest and coastal area, and there are ongoing 
environmental issues that Niue faces as a result of an increasingly consumer-oriented lifestyle and 
moves from traditional practices to modern techniques in farming, fishing and forestry. For example, 
large areas of native land can now be cleared for taro planting in a matter of hours using bulldozers, 
whereas in the past taro would have been planted more interspersed with existing trees. The use of 
herbicides has largely replaced traditional weeding practices. 

The population is said to be relatively healthy compared with other Pacific Island countries (Group 
2000), ranked 2nd in the Pacific in terms of a range of health status parameters (such as infant mortality 
and life expectancy). However, economic constraints and the rising cost of health services are putting 
strain on services. The development focus at present centres on tourism, fishing and vanilla production. 
Transport is a problem for trade. Cargo is brought from New Zealand approximately every 3 weeks by 
ship. This is relatively expensive, and there are often delays, and often supplies are accidentally off-
loaded in other destinations resulting in shortages in Niue (e.g. drugs and vaccines). Taro is a popular 
export crop, although financial returns are low compared to time and energy input, and taro growing is 
as much a local pastime and activity to supply local needs as it is an export activity.  

Methods 
A literature search was carried out using Pubmed, Cochrane database, and search engine Google.co.nz. 
Keywords used include sex ratio, trend, hormones, infertility, cancer and studies. Links from articles, 
websites, journals and other publications were also explored. Locally available publications were 
sourced from the libraries of DAFF and the Health Department, and from staff in the Public Health 
Division of the Health department. 

Available data in Niue was examined, sourced from the Health Department (with permission of the 
Health Minister), DAFF, and Justice Department (births register), including historical data where 
available. This data was all paper-based. Interviews with DAFF workers past and present and public 
health staff were also useful. 

Epidemiology and public health specialist expertise was used in the examination of probability and a 
wider inquiry was carried out via the Pacific Public Health Surveillance Network (PACNET), to 
investigate whether an altered sex ratio phenomenon had been noticed elsewhere in the Pacific. 

The information gathered was then examined in an attempt to relate the observed change in sex ratio 
and other health phenomena to a range of environmental factors. 

Limitations 
Niue’s population is only 1700, which means that calculated rates and percentages of health problems 
are liable to large fluctuations with only small numbers of cases. Therefore rates and comparisons must 
be interpreted with care. Another issue that would be interesting to explore if larger numbers were 
available is the issue of congenital birth defects. 

In many instances, data has not actually been recorded e.g. cancer register. Health and environmental 
records in Niue have been poorly kept over the years. In the health department, computerization of 
records has only been initiated in 2003, and previous data is patchy and ill-organized.  

The burning of environmental health and DAFF records resulted in a significant gap in data. 
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Results 

Health issues in Niue 

Sex ratio of newborns 
The numbers of babies born in Niue has been decreasing steadily over the years with the declining 
population (Figure 1). However, the birth rate has also been decreasing (Figure 2). For a summary table 
of Niuean babies born in the past 20 years see Table 2. 

 
Figure 1: Numbers of Niuean female and male babies born per year 1984-2003 

0

10

20

30

40

50

60

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

Female
Male

   
Data source: Births Register, Department of Justice 
Notes: Births include those who fell pregnant in Niue but delivered in New Zealand. In some years the percentage of 
Niuean women delivering in New Zealand was up to 33%. Babies born in 2003 include babies born up to June only. 
 
Figure 2: Birth rate (per 1000 population) for Niuean babies 1984-2002 

0

10

20

30

40

50

60

70

80

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

B
irt

hs
 p

er
 1

00
0 

w
om

en

c

 
Data source: Births Register, Department of Justice, estimated yearly denominator population from Department of 
Statistics, Niue 
Notes: Births include those who fell pregnant in Niue but delivered in New Zealand. In some years the percentage of 
Niuean women delivering in New Zealand was up to 33%. 
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Table 2: Summary of Niuean babies born in past 20 years 
 

YEAR 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 Grand Total

Female born Niue 13 22 14 18 17 19 15 13 9 15 9 10 9 12 12 10 11 12 14 16 264
Female born O/S* 1 2 2 1 2 6 2 3 2 1 4 1 2 2 2 3 3 36
Female living O/S** 26 19 15 9 11 5 7 15 9 4 7 7 4 4 4 1 1 148
Female – deceased  2    1 1 1 1 6

Total female 40 45 31 28 30 25 29 30 18 22 18 18 17 17 18 13 15 12 17 20 463
Male born Niue 11 20 11 21 20 18 18 10 18 11 16 10 7 10 10 5 10 11 7 1 245
Male born overseas* 3 2   2 6 2 3 4 4 2 2 2 2 1 3  1 39
Male living overseas** 12 28 16 13 14 7 11 6 9 9 7 5 8 7 3 3  2 2 160
Male – deceased 1     1 1 1  4
Total male 27 50 27 34 36 31 31 19 31 24 25 18 17 19 15 12 10 13 8 3 448
Male/female ratio 0.68 1.11 0.87 1.21 1.20 1.24 1.07 0.63 1.72 1.09 1.39 1.00 1.00 1.12 0.83 0.92 0.67 1.08 0.47 0.15 0.97

GRAND TOTAL 67 95 58 62 66 56 60 49 49 46 43 36 34 36 33 25 25 25 25 12 902
 
Data source: Births Register, Department of Justice 
O/S = overseas 
*means born overseas but since returned to Niue 
**means born overseas and still overseas 
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The decreasing numbers of births and the decreasing birth rate are likely to be mainly due to the 
dramatically decreasing population (see Table 1), increased use of contraception and preference for 
smaller family size. The possible influence of infertility and miscarriages is less easy to determine. 
Figure 3: Sex ratio by year for Niue babies, 1984-2003 
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Data source: Births Register, Department of Justice 
Notes: Births include those who fell pregnant in Niue but delivered in New Zealand. In some years the percentage of 
Niuean women delivering in New Zealand was up to 33%. The sex ratio here is expressed as the number of males 
divided by the number of females. The small numbers involved in this graph makes it difficult to quantify the trend 
significance. 
 
Figure 3 demonstrates a trend in the last decade towards more girls and less boys. Interestingly it is still 
possible that the 2003 full-year result could be the converse of the 1993 result, which suggests that 
what may be happening is a wide chance variation due to small numbers.  

In 2003 alone, there have been 17 female and one male baby born in Niue up to August. The chances of 
this occurring by chance (given that the probability of a male baby being born is approximately 0.511) 
is 0.49 [to the power of 17] multiplied by 0.51 (the probability for the one boy) multiplied by 18 
(because there are 18 possible 'positions' for the boy in the sequence of 18 births). Thus the probability 
of the first 18 births in Nuie in 2003 containing only one boy is 

0.4917   x   0.51  x  18   =    0.0000497 

Looked at another way, we could calculate whether getting, say, 15 girls out of 16 significantly 
deviates from the expected 50-50 ratio. A G-test is an adapted Chi-square test, which tells us if the 
found ratio of 15 girls out of 16 is significantly different from the expected 8 girls out of 16. The 
calculated value of the test (G value) is 14.70, for which using the Chi-square probability table shows 
that the chance that 15 out of 16 is actually a normal (8 out of 16) situation is 0.0001 (p-value), which 
is significantly different from the expected situation (p<0.05).  

Altered sex ratio in humans relating to a ubiquitous substance may be expected to cause similar effects 
in exposed animals (van der Schalie et al 1999). Other than the general impression of the author that 
there are far more female chickens than roosters in the local village in Niue, there is no data available 
to explore this issue in Niue! 

Cancer 
Small numbers in Niue make calculation of rates problematic. Surprisingly, there is no cancer register. 
However, there is a perception by local health workers that cancer numbers are high here, and of note is 
that in 2003 alone, 2 cases of leukemia and one of lymphoma were diagnosed up to August. These 
types of cancers in particular are suspected of being associated with environmental contamination such 
including POPs and radiation (Stewart and Kleihues 2003).  

Comment was made that many of the agricultural workers from the period in the 1960’s and 70’s have 
died from cancer (personal communication, nurses and DAFF workers, August 2003). This period was 
                                                            
1 The worldwide sex ratio slightly favors boys (Pyeritz 1998). 
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notable for the enormous quantities of agricultural chemicals imported and used, with little protection 
for workers (personal communication, Toeono, N. Coordinator, Persistent Organic Pollutants 
Programme, DAFF, Niue Island. August 2003).  

Infertility, miscarriages and menstrual disturbances 
There is very limited data relating to these health problems both in Niue and overseas. This partly 
relates to the fact that many women do not present to health services with these conditions. Menstrual 
disturbances and infertility are related to obesity (Birdsdale et al 1998), which is also common in Niue. 
Some women have early miscarriages without ever realizing they were pregnant, other women have 
irregular or heavy periods without seeking advice, and infertility may often not come to the attention of 
health services, nor is it well recorded for data collation. These issues are similar in overseas health 
systems, hence there is no good data for comparison and departure from norms is therefore impossible 
to determine.  

As a result, we are left with the subjective impression of the author and other health workers in Niue 
that the numbers of women presenting with these conditions is unusually high given the population. As 
health workers, we can only compare with our experiences elsewhere and with our experience in Niue 
over time. The longest-serving current doctor in Niue has only been here for 6 years; therefore this 
clinical impression is difficult to correlate over time. Furthermore, periodic education and publicity 
sessions held via the media over the years has influenced the number of women coming forward for 
advice, as has the perceived approachability and expertise of doctors in Niue at any particular time. 

Having said that, these clinical impressions should not be totally discounted given that they existed 
before the discovery of the altered sex ratio, and given the potential importance of the issue. 

Current and past use of chemicals in Niue 
Identifying the nature and extent of chemicals used in Niue proved to be surprisingly difficult. 
Interestingly, most records relating to past chemical use in the Departments of Health and Agriculture, 
Forestry and Fisheries have been burnt. Information has been pieced together from information 
supplied by current and past staff in these departments. 

The 1960’s and 1970’s were the periods of most intense chemical use in Niue. DDT, 245T and 
chlordane were extensively used until the late 1970’s, and there is some suggestion that DDT may have 
been used for much longer (unverified). 

The chemicals in widespread use at present include: 

Paraquat 
This is an herbicide that has been used extensively in Niue for decades. There is plenty of anecdotal 
evidence from DAFF workers and users themselves that paraquat is often sprayed with no or 
inadequate protection, and it is this direct exposure that is the most likely source of human poisoning. 
Paraquat has not been shown in international studies to be an endocrine disruptor per se, though there is 
still uncertainty about this (Orme and Keglesy 2003). However, there is concern in many countries 
about possible side effects of paraquat, to the extent that it has been banned in some countries (Rahah 
and Surin 2002). Paraquat levels in groundwater in Niue were said to have been checked in 2000 by a 
Taiwanese company, though there is no documentation available. The levels were said to be negligible 
(personal communication, Hetutu, Environmental Health Officer, 2003). In the last 5 years, there has 
been considerable increase in the use of paraquat as taro export has been promoted. The take-home 
exposure risks of pesticides have been shown to be important (Curl et al 2002). No studies of human 
levels of paraquat or other pesticides have ever been carried out in Niue. 

Round-up 
This is used in Niue, though less extensively than paraquat. The chemical name is glyphosate and it has 
not been demonstrated to be linked to reproductive effects (EXTONET 1996).  

Malathion 
This is a recently introduced insecticide in Niue, being used for the last 5 years. It is mainly used by the 
Health Department for mosquito control, and although it is sprayed around dwellings, its use has been 
very sporadic and it is unlikely that on its own it would be responsible for a finding as pervasive as the 
altered sex ratio. 
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Rat poison 
The author has experience of treating a number of people who have been directly exposed to Coumarin 
rat poison. This is often used inside houses and picked up on the soles of people living there. It is not a 
known endocrine disruptor, however. 

Other 
In Niue, inorganic chemical levels in groundwater were checked in 1996 and found to be within normal 
limits (Aharon 1996). Organic chemical levels have not been checked. 

The use of other chemicals on a smaller scale by private users is not clear. Although chemicals brought 
in to Niue are required to be inspected by quarantine, there is the potential for people to import small 
quantities of chemicals unnoticed. However, it seems unlikely that the use of small quantities would be 
responsible for the health problems under investigation. 

Obsolete Chemicals and Contaminated sites 
An inspection of contaminated sites in Niue was carried out by the South Pacific Regional 
Environment Programme in 1998 (Burns et al 2000). The authors indicate that the management of 
chemicals, including pesticides, solvents, PCBs and waste oils has been recognized for some time as an 
environmental issue of major significance in the South Pacific region. Problems identified include: 

 A lack of information on the types and volumes of chemicals being stored. 
 A poor understanding of how chemicals should be used and stored.] 
 Limited understanding of the threat of chemicals to the community and the environment 
 An absence of appropriate disposal facilities 
 A lack of resources directed at the problem 

 

More specifically, the major findings of the inspection in Niue include the elements listed in Table 3. 
Table 3: Sources and quantities of hazardous chemicals in Nuie 
 
Source Estimated Quantity 
Agricultural chemicals 1500 kg 
Oil potentially contaminated with PCBs* 1000 L 
Waste bitumen Nil 
Waste oil Nil 
Contaminated sites 1 site 
 
*DAFF has indicated that this oil has been subsequently tested for PCBs and found to be PCB-free (personal 
communication, Toeono, N. Coordinator, Persistent Organic Pollutants Programme, DAFF, Niue Island. August 
2003). 
 

Of most significance are fertilizer stores because of issues relating to the very large volumes and poor 
storage. There is concern that many of the drums and packaging have corroded and that chemicals may 
be leaking and leaching into the environment. Because of the lack of records, it is also possible that 
there are unknown contaminated sites and even potential slow or increasing leaks from unknown sites. 
For example, there was mention of a report 20 years ago of DDT dumped in bush near the landfill site. 

A survey has been completed by DAFF in August 2003, involving a questionnaire for previous 
agricultural workers. The findings confirm that in the past, widespread and unprotected use of 
pesticides occurred. Also, disposal of these chemicals was less than ideal, and several new 
contaminated sites were identified. These sites included caves where chemicals were dumped years 
ago. Preliminary site inspections revealed that in one cave a large unmarked drum has been leaking. At 
another site, DDT, dieldrin and 245T were believed to be present, with one site showing two 20-litre 
drums of 245T that were found to be empty. It is not known whether these have leaked over time or 
whether they have been empty since disposal. Another site showed a large quantity of fertilizer 
unsecured. The widespread use of creosote for treating timber was also revealed in the survey. The past 
disposal practices of this chemical are not clear. Some of the sites discovered as a result of the survey 
have not been explored for safety reasons. A team of experts from overseas is to come in to assess and 
secure the sites. 
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Discussion 
Establishing a link between environmental factors and health problems is notoriously difficult at the 
best of times, and this paper is not claiming that such a link definitely exists in Niue in relation to the 
factors discussed. This paper signals the need for ongoing research in the area, together with the 
importance of applying ecological principles in the management of chemicals and contaminated sites. 
Such activities are already well in hand under the wing of DAFF, and the recent community awareness 
campaign relating to POPs is an encouraging sign that these issues are going to be taken seriously. On 
the other hand, there is much to be done, including the need to reinforce personal protection in the use 
of paraquat and other chemicals on small-scale bush gardens. The true extent of past chemical dumping 
in Niue remains unknown, and may be the key to the health effects under study. 

The ‘normal’ sex ratio may be expressed as the male proportion, or the number of male births divided 
by total births, and the current worldwide ratio is said to be 0.515 (Pyeritz 1998). Another sex ratio 
measurement method is to say that for every 100 female births, there are believed to be 106 male births. 
This yields a sex ratio of 1.06. In many countries there is a continuing change in the birth sex ratio 
towards a female predominance. In some places this is seen as a gradual but statistically significant 
trend over many years (Moller 1996, Allan et al 1997, van der Paul-de Bruin et al 1997). This trend is 
very gradual, for example in the order of a reduction of the sex ratio in the U.S.A from 1.052 to 1.048 
over the last 20 years (NCHS 2002). The important issue is whether this is a ‘natural’ phenomenon of 
little consequence, or whether this is an important ‘sentinel’ health event (Davis et al 1998). Other 
researchers have described dramatic localized changes within countries and have attempted to explain 
this in terms of environmental influences (van der Pal-de Bruin 1997, Moller 1998).   

Sexual differentiation takes places between weeks 6 and 9 of human life (Davis et al 1998), and it is 
during this time that the postulated influence may occur. At the moment of conception, all embryos are 
destined to be female unless something changes them into males. Between the 6th and 9th week, the 
gonads of those with a Y chromosome specialize into testicles and begin producing hormones that 
continue the process of creating a male. If anything interferes at this stage, a female may result. Thus 
sex is determined by tiny amounts of hormones circulating in the blood of the embryo. This situation 
provides opportunities for chemicals entering the mother's body ("xenobiotics") to disrupt normal 
processes (Montague 1998).  

Some researchers contend that the father's exposure level is the best predictor of sex of the offspring 
(Mocarelli et al 2000, Del Rio Gomez et al 2002, Ryan et al 2002). Mocarelli (2000) also determined 
that fathers exposed to dioxin at a young age (younger than 19) were significantly more likely to have 
daughters than sons if their exposure to dioxin was relatively high. 

Other general medical factors and conditions documented to reduce the male proportion of offspring 
include older age of fathers, in vitro fertilization, non Hodgkin lymphoma, hepatitis, use of fertility 
drugs such as clomiphene, increase in maternal and paternal age, exposure to the nematocide 
dibromochloropropane, work in the aluminum industry, organochlorine pesticides, and stress (Davis et 
al 2000).  

Some researchers dispute the link between environmental chemicals and altered sex ratios (Vartiainen 
et al 1999); although most acknowledge that there is a possibility. A summary of the main theories that 
may be relevant for Niue follow. 

Main theories for Niue 

Endocrine disruption by chemicals 
Many studies have demonstrated a link between chemicals and the kind of endocrine disruption that 
may be responsible for altered sex ratios (Del Rio Gemex 2002, Ikezuki et al 2002, Weisskopf et al 
2003). The chemical groups include dioxins and dioxin-related chemicals such as polychlorinated 
biphenyls (PCBs) and aluminum (Mocarelli et al 2000, Del Rio Gemex 2002). In Italy, stunning 
evidence of reproductive effects emerged from the ongoing investigation of the human health 
consequences of the explosion at a chemical factory in Seveso in 1976. The dioxin released in this 
accident contaminated thousand of people in the surrounding city and left some with the highest dioxin 
levels ever measured in humans. In examining the children born to parents with high dioxin exposure 
from April 1977 to December 1984, researchers discovered a highly skewed sex ratio: these parents 
produced only 26 boys to 48 girls (Mocarelli et al 1996).  Pesatori et al (2003) confirmed these 
findings, together with an increase in cancers and endocrine disorders.  
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Prominent in the Niuean diet are taro (with risk of pesticide contamination), fish and a range of 
imported foods including canned corned beef and powdered milk. Hormone-disrupting effects from 
these products are unlikely to be responsible for the observed sex ratio effect in Niue, given that 
exposure has not changed significantly in the last 10 years, and the lack of an observed effect in other 
Pacific countries with similar diets. 

Other common practices such as mosquito coil use, burning and incineration of regular and clinical 
waste, smoke and cooking residue, and diet are unlikely to be of any importance since they are no more 
prevalent than in other Pacific countries. Despite this, it is plausible that a cumulative effect may have 
occurred involving a constant exposure to one of the above factors, but perhaps more likely is an 
increase in exposure in recent years, whether overt or covert. 

Encouragingly, the risks of chemical exposure have recently gained a higher profile in Niue with the 
launch of a public awareness program on POPs, coinciding with the adoption of the principles of the 
Stockholm Convention on Persistent Organic Pollutants 2001. The management of hazardous 
chemicals in Niue is under the jurisdiction of the DAFF and the Department of Health. Current 
management includes securing and isolating contaminated sites and shipping chemicals off island. 

It is important to emphasize that factors other than chemicals may be responsible for the sex ratios and 
health parameters discussed. More than one factor may be responsible. In particular, chance alone may 
be responsible, despite the statistical significance shown in the calculations. 

Furthermore, the relevant factor(s) may be past rather than current, which, given the paucity of DAFF 
and Health Department records, may be difficult to uncover. Some researchers have suggested that the 
important period of exposure may be some time in the past (Mocarelli et al 2000, Ryan et al 2002), and 
therefore measurement of current blood or environmental levels in Niue may not reflect the situation 
that led to this phenomenon. 

Older parents 
The older the parents, the more likely the offspring will be a girl (Davis et al 1998).  There is a trend in 
many countries, especially in the developed world, towards women having their first baby at an older 
age. The relevant data for Niue has not been extracted, though there is a general perception amongst 
health workers that maternal age is increasing. The effect from this, however, is very slight and alters 
the overall sex ratio by only a fraction of a percent.  

Radiation 
Niue has naturally-occurring uranium, a source of radiation. Niue’s naturally occurring uranium and 
radiation levels have been sporadically looked at in the past (Richmond-Rex and Cooper 2001). In 
1996 groundwater radiation levels were checked from a number of sources around the island and found 
to be within WHO guidelines (Aharon 1996). The reproductive effects of radiation are well-
documented (Davis et al 1998), but among them there is no mention of altered sex ratio.  

Chance 
Despite the dramatic sex ratio figures, it is important to consider that there may not actually be a 
problem! The likelihood of this is diminished since Niue’s closest neighbor, Samoa, is ranked fourth in 
the world in terms of male predominance with a sex ratio of 1.39 (Anon 2003). PACNET 
communication from a number of other Pacific Islands has so far not revealed a similar trend 
elsewhere. 

Implications 
Regardless of the cause of the apparent ratio, parents in Niue are already asking questions about the 
impact on their children as they grow up and, for example, only have one male in the entire classroom 
at school. It is difficult to know the overall social and economic impact that this trend could have if it 
continues. 

Environmental activists make the point that just because an effect has not been proven, that doesn’t 
mean it does not exist (Montague 2003). This leads to the idea of the precautionary principle which 
says: 
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If you have reasonable suspicion of harm, and you have scientific uncertainty, then you 
have a duty to take action to prevent harm, by shifting the burden of proof of safety onto 
those people whose activities raised the suspicion of harm in the first place, and 
evaluating the available alternatives to find the least harmful way, using a decision-
making process that is open, informed, and democratic and that includes the people who 
will be affected by the decision.’ (Montague 2003). 

Niue has a small population, and it should be remembered that other countries with ‘normal’ sex ratios 
may contain pockets or small areas where the sex ratio deviates from the norm. One avenue of research 
would be to explore regional differences within other Pacific Island countries. If the length of time that 
a woman or a man lives in Niue before conceiving is important, for example for a cumulative exposure, 
the numbers in Niue would be too small to be able to demonstrate this. Therefore a study in Niue of 
mothers and their partners looking at exposures and behaviors would be at best indicative, but more 
likely fruitless.  

Despite the uncertainty relating to the quality of data and small numbers involved, the issue is 
important and worrying enough to take seriously. There is the possibility of some kind of serious 
anthropogenic environmental influence causing endocrine disruption and possibly other health effects 
in Niue. No particular chemical has been identified though paraquat is known to be widely used with 
little user protection, and chemicals are known to have been dumped in sites now hidden and 
overgrown. More study and monitoring are required to determine this. 

Recommendations 
 Prioritization of ongoing research into the issue by DAFF and the Health Department. 
 Pesticide residue testing of soil, water, food and humans, with priority on water and human 

testing. This is already happening within DAFF, and involves the calling in of ‘experts’. 
 Improved documentation of current chemical usage. This is the responsibility of DAFF, and is 

well within their capacity. 
 Investigation and remediation of existing and recently discovered contaminated sites carried out as 

a high priority. 
 Improvement of health condition recording by the Health Department, including an accurate 

rolling cancer register and computerization of all relevant obstetric and neonatal data. This data 
needs to be tracked carefully over time, with ongoing analysis looking at the significance of sex 
ratio trends and rates of other health conditions. 

 Immediate health promotion action to ensure that current chemical use is safer. This includes 
promoting the use of protective clothing and techniques for users, as well as education in relation 
to safer effective alternatives to chemical use. 

 Compliance with the recommendations of both the Stockholm Convention (SCPOP 2001) and the 
report of the visiting inspection team in 2000 regarding the safe use of chemicals and the safe 
disposal of known chemicals in Niue. 
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