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Abstract
Background Mercury is a widespread persistent environmental pollutant associated with adverse health effects.
Objective This first national biomonitoring survey of blood total mercury (tHg) conducted in New Zealand aimed to provide
baseline data and identify exposure determinants.
Methods Blood was collected from 191 children (age 5–18 years) and 304 adults (20–65) in 2014–2016 and analysed for
tHg using inductively coupled plasma mass spectrometry. Linear regression was used to assess associations with demo-
graphic and lifestyle factors.
Results Blood mercury was detected in 93% of children and 99% of adults, with geometric means (GMs) of 0.86 and 1.65
µg/L, respectively. The 60–65-year olds had the highest GM (2.34 µg/L). Regression indicated that tHg was 40% higher in
boys compared to girls. Eating fish ≥ 3 times/week (compared to ≤once/week) was associated with 2.7 and 1.7 times higher
tHg in children and adults, respectively. Shellfish consumption was also associated with higher tHg. High daily tap water
consumption (≥2 L for children, ≥3 L for adults) was associated with lower tHg. In adults, smoking and milk consumption
were associated with higher tHg.
Significance Fish and shellfish consumption is a strong determinant of New Zealanders blood tHg levels, with water and
milk consumption possibly acting as modulating factors.
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Introduction

Mercury (Hg) is a naturally occurring element in the earth’s
crust that is released into the environment by natural pro-
cesses such as volcanic activity. Since the start of the indus-
trial revolution anthropogenic sources such as the burning of
fossil fuels and industrial processes have become significant
contributors of mercury to the environment. Additional
sources include artisanal small-scale gold mining, currently
the largest anthropogenic source of mercury emissions in the
environment [1]. Consequently, mercury is now widespread
and persistent in the environment and considered a major
environmental pollutant. Mercury is a potent neurotoxin and
exposure can adversely affect neurological, cardiovascular,

reproductive, endocrine, and immune systems [2] with the
developing foetus and young children particularly vulnerable
due to mercury’s disturbance of many aspects of develop-
ment, particularly brain maturation [3].

Mercury exists in three basic forms: elemental mercury
and inorganic and organic mercury compounds, all of which
are toxic to humans, although they differ with respect to
absorption, how they are metabolised, and principal target
organs. Mercury can be measured in human blood, urine,
hair and nails, with urine mercury primarily reflecting the
body’s excretion of elemental and inorganic mercury, and
blood total mercury (tHg) reflecting all forms of mercury
circulating in the blood, including methylmercury (MeHg),
the most common form of organic mercury.

In studies of mercury in the general population, the
average proportion of methylmercury to tHg in blood ran-
ges from 57 to 79% [4], with fish consumption being the
principal exposure source. Total blood mercury therefore
reflects, in large part, dietary exposure to methylmercury,
which has a half-life of ~50 days [5]. Methylmercury is
formed by microorganisms, and is rapidly accumulated by
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aquatic organisms and biomagnified up the food chain,
resulting in particularly high levels in predatory fish and
marine mammals. Following absorption (>90%) by the
gastrointestinal tract, methylmercury readily crosses cell
membranes, including the blood–brain barrier and the pla-
centa [6]. Elemental mercury on the other hand, from, for
example, atmospheric pollution or dental amalgams, is
mainly absorbed through the respiratory route (80%), while
gastrointestinal tract absorption is less than 0.01% [7]. Like
methylmercury, elemental mercury readily passes through
the blood–brain barrier and the placenta. Exposure to
inorganic mercury compounds, which do not readily cross
the blood–brain barrier or placenta [7], may result from the
diet (~7–15% of ingested inorganic mercury is absorbed by
the gastrointestinal tract) and can also be formed in the
human body from biotransformation of elemental and
organic mercury.

The Minamata Convention on Mercury, which came into
force in 2017 and to which New Zealand is a signatory,
aims to protect human health and the environment from
anthropogenic emissions of mercury and mercury com-
pounds [8]. The biomonitoring of mercury in the general
population is an important tool to identify the main con-
tributors of mercury exposure, to inform intervention stra-
tegies to reduce exposure, to evaluate the effectiveness of
these interventions, and to compare populations. A recent
review of mercury biomarkers in human populations [9]
indicated great variability in exposures within and across
countries and regions, with data gaps remaining for many
populations.

In New Zealand, mercury levels in hair of children and
their mothers have been reported [10–12], but national
human mercury biomonitoring had not been conducted.

Here, we report on the first biomonitoring study of blood
tHg in a sample of New Zealand children and adults. Levels
are compared with geometric means (GMs) and reference
values from other countries, and we identify demographic
and lifestyle factors associated with tHG.

Methods

Recruitment

The biological monitoring programme included a cross-
section of adult and school-age New Zealanders between
the ages of 5 and 65 years, as described previously [13, 14].
This cross-sectional study used stratified random sampling,
stratifying on age, gender, region, and ethnicity, to ensure
that the main demographic groups were represented. For the
recruitment of adult participants, the 2014 New Zealand
Electoral Roll was used to randomly invite, by mail, men
and women in four age groups (i.e. 19–24, 25–34, 35–49,

50–64 years), from four geographic regions (Northland/
Auckland, Waikato/Bay of Plenty, Lower North Island,
South Island), and of Māori (the indigenous population of
New Zealand) and non-Māori (predominantly European)
ethnicity. For the recruitment of children, we contacted
primary, intermediate, and high schools located in the same
geographic regions. We asked schools to put a poster on
their noticeboard with contact details for the study and
provided information packs for parents to pick up from the
school office. While the majority of children were recruited
through schools, additional recruitment was undertaken
through enrolled parents and public events such as science
fairs and sports clubs, where we approached children and
parents and provided information packs. The study aimed
for a total of 300 adult and 200 children participants with
approximately equal numbers in each of the gender/age/
geographic/ethnic subgroups.

Study participants provided a blood sample, a urine
sample (results not reported here), and completed a short
questionnaire. The questionnaire for adults included ques-
tions on demographics (e.g. ethnicity, education, height and
weight), lifestyle factors (e.g. smoking, alcohol), dwelling
(e.g. age, location, type of water supply), dietary items
(number of times per week eating fish, shellfish, wild game,
milk, cheese, rice, tofu, potatoes, canned food), number of
amalgam fillings, other aspects that may affect exposure
(e.g. menopause), and occupation. To limit the length of the
questionnaire, dietary items were limited to those that had
been associated in the literature with the chemicals covered
by the biomonitoring survey [14]. The questionnaire for
children included the same questions, excluding those on
occupation and including questions of number of smokers
in the household. The questionnaires were completed at
home by the study participants, or by the parents of the
child participants, and were designed to take no more than
15 min.

Blood sampling and analyses

Blood samples were collected between September 2014 and
December 2016 by a trained phlebotomist at a private
pathology laboratory, medical clinic, or at the school (in the
case of some children). Blood was collected in 10 mL
K2EDTA-containing plastic vacutainer tubes and stored
frozen (−20 °C) by the pathology laboratory until they were
sent (frozen) to the study centre. Blood samples were
shipped in their vacutainers on dry ice to International
Accreditation New Zealand accredited Canterbury Health
Laboratories in Christchurch (www.chl.co.nz/) for analyses.

tHg concentrations in whole blood were determined
using inductively coupled plasma mass spectrometry, fol-
lowing external QC (RCPA quality Assurance Programs)
and internal QC (Lyphochek metal control) protocols.
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Blood was diluted in an ammonia EDTA solution and
aspirated into an argon plasma torch at 2700 °C for ion
formation which was subsequently focused into an octopole
reaction system where it collides with helium gas. The ions
then passed into the quadrupole for detection by the electron
multiplier. The lower limit of detection was 0.2 μg/L.
Analyses were completed between May 2016 and
June 2017.

Statistical analyses

Summary statistics of blood mercury concentrations,
including GMs and 95% confidence interval, were calcu-
lated separately for adults and children, and by age group,
gender, ethnicity (Māori/non-Māori), and geographic
region. For samples below the limit of detection, half the
limit of detection was used in further calculations. Linear
regression on log-transformed blood mercury concentra-
tions was used to assess associations between a range of
demographic and lifestyle factors as collected via ques-
tionnaire and blood lead, separately for children and adults.
For adults, these included ethnicity (Māori, Pacific, other),
highest achieved education, body mass index, smoking,
living with a smoker, alcohol consumption (beer, wine,
spirits), age of dwelling, type of water supply of dwelling,
water filter at dwelling, presence of peeling paint at
dwelling, dietary items (times per week eating fish, shell-
fish, wild game, milk, cheese, rice, tofu, potatoes, canned
food, categorised into three or four categories depending
on the consumption frequency distribution in the study
population), stroke, metal joints, dental fillings, occupa-
tion, and for women only: menopause, osteoporosis,
number of births, and hormone replacement therapy. For
children, these variables included: ethnicity, living with a
smoker, age of dwelling, type of water supply of dwelling,
water filter at dwelling, presence of peeling paint at
dwelling, dental fillings, and diet (items the same as for
adults). All variables were first run individually in models
adjusting for age and gender and stratified by gender. If
the variable was associated with blood tHg (p < 0.05) in
any of these models, the variable was then included in a
model fitting all variables significantly (p < 0.05) asso-
ciated with total blood mercury, providing ORs adjusting
for age and gender as well as other variables associated
with blood mercury levels. Regression coefficients were
exponentiated and thus reflect an exposure ratio (e.g. an
exponentiated coefficient of 2 for male gender indicates a
two times higher GM for tHg in males compared to
females).

The study protocol was evaluated and approved by the
Central Health and Disability Ethics Committee (14/CEN/
44). Informed consent was provided by all adult participants
and a parent or guardian of the participating children.

Results

For adults, a total of 5908 invitations were posted to
addresses on the Electoral Roll and we received a reply for
1859 of those 228 were marked returned to sender, 672
refused, 441 were not eligible (did not have a phone, no
longer living in New Zealand, illness or impairment or
deceased), and 518 indicated to be interested in the study.
Of those 518,304 (mean age 42.4, Std Dev 13.7) provided a
blood sample within the time frame of the study. For chil-
dren, 150 schools were invited to participate of which 40
replied positively. This resulted in 113 children recruited
through schools with another 80 recruited through other
means. Of those, 193 children provided a blood sample.
Two participants recruited as children were older than 18 at
time of blood sampling, leaving 191 children (mean age
10.1, Std Dev 3.0) participants.

Blood tHg detection frequencies were 93% for children
and 99% for adults. The levels were lower for children (GM
0.86 µg/L) compared to adults (1.65 µg/L), and the highest
levels were observed for the oldest age group (age 60–65:
GM 2.34 µg/L; Table 1).

Higher blood tHg levels were found in boys compared to
girls, while for adults we did not observe consistent dif-
ferences by gender (Fig. 1).

Boys had 41% higher levels than girls, as shown in the
regression models (Table 2). The age of the child was not
associated with Hg levels. A doubling of levels was asso-
ciated with weekly fish consumption, as well as fish con-
sumption in the 48 h before blood collection; shellfish
consumption was also associated with higher levels. Con-
sumption of ≥2 L of tap water per day (self-estimated) was
associated with lower blood tHg levels (Table 2).

In adults, gender was not associated with blood mercury,
while older age was associated with higher levels (2% for
each year of increased age; Table 3). Adults living in the
Northland/Auckland region had higher mercury levels. Fish
consumption, shellfish consumption, and fish consumption
in the 48 h before blood taking were all associated with
higher levels. Wild game consumption was associated with
higher Hg levels, but only for women. Tobacco smoking
was also associated with higher blood tHg levels. Milk
consumption was associated with higher levels but not in a
clear dose-dependent way. Tap water consumption of ≥3 L/
day and consumption of food from cans ≥5 times/week were
associated with lower blood mercury levels (Table 3).

Discussion

This study provides the first assessment of blood tHg con-
centrations in a sample of the New Zealand general popu-
lation. With blood mercury GMs of 0.86 µg/L for children
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and 1.65 µg/L for adults, total blood mercury in New Zealand
levels are twice that reported for the USA and Canada, but
considerably lower than those reported for countries where
human exposure to mercury in the environment is higher,
such as Korea [15] (Table 4). Substantially higher blood
mercury levels have been reported for certain populations of
concern, including communities near artisanal and small-
scale gold mining sites, and populations dependent on fish
and marine mammal consumption [9].

As there is currently no New Zealand blood mercury
notification level (the blood mercury concentration at which

medical practitioners must notify government health autho-
rities for action or intervention), we compared our results
with the reference and guidance values for blood tHg used by
some other countries to identify levels that require action or
intervention (Table 5). This showed that none of the parti-
cipants in this survey had blood tHg levels above Health
Canada’s reference value of 20 µg/L, while Germany’s HBM
I reference level of 5 µg/L was exceeded for 9% of adults, 4%
of children, and 6% of women of childbearing age, signalling
the potential of adverse health effects at current blood mer-
cury levels in New Zealand, with neurodevelopmental effects
in children of primary concern. A study conducted in New
Zealand [11] correlated scholastic and psychological test
performance of 237 children aged 6–7 years with their
mothers’ hair mercury concentration during pregnancy and
estimated that the lower bound of the benchmark dose
(interpretable as an acceptable human exposure level) ranged
from 7.4 to 10mg/kg mercury in the mothers’ hair, which
equates to 30–40 µg/L blood mercury (using the 1:250 blood:
hair conversion factor [16]). None of the participants in this
study had blood mercury levels exceeding 30 µg/L (the
highest measured level was 19 µg/L).

Fish consumption was the strongest determinant of tHg
blood levels in both children and adults. While consumption
of marine mammals, which can lead to high mercury expo-
sure in some populations [9], is not part of the New Zealand
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Fig. 1 Total blood mercury in blood of New Zealanders in 2014-
2016. Geometric means (GM) and 95% confidence intervals (95%CI)
by age group and gender.

Table 1 Summary statistics of total mercury blood levels of New Zealanders in 2014–2016.

Children Adults

n GM (µg/L) (95% CI) 95th percentile n GM (µg/L) (95% CI) 95th percentile

All 191 0.86 (0.74–1.00) 4.11 304 1.65 (1.49–1.82) 5.98

By gender

Male 95 1.07 (0.86–1.33) 5.16 140 1.74 (1.50–2.02) 6.62

Female 96 0.69 (0.56–0.84) 2.86 164 1.57 (1.37–1.80) 5.58

By age group

5–10 88 0.88 (0.71–1.09) 3.24

10–18 103 0.84 (0.68–1.04) 4.20

20–30 75 1.10 (0.87–1.41) 4.16

30–40 54 1.66 (1.33–2.07) 5.07

40–50 67 1.55 (1.29–1.86) 4.72

50–60 68 2.19 (1.83–2.61) 6.37

60–65 40 2.34 (1.80–3.05) 13.24

By ethnicity

Māori 57 0.80 (0.62–1.03) 3.61 85 1.85 (1.51–2.28) 7.87

Non-Māori 134 0.88 (0.73–1.07) 4.10 219 1.57 (1.40–1.76) 5.22

By region

Northland/Auckland 42 0.79 (0.58–1.09) 3.77 65 1.89 (1.49–2.40) 8.60

Waikato/Bay of Plenty 36 0.83 (0.56–1.22) 3.68 85 1.69 (1.38–2.07) 8.60

Lower North Island 89 0.89 (0.72–1.10) 4.03 79 1.58 (1.34–1.87) 4.05

South Island 24 0.90 (0.52–1.56) 4.17 75 1.48 (1.20–1.82) 4.71
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diet, fish is a frequent food item, i.e. in our sample 39% of
children and 43% of adults ate fish at least once a week.
Although we did not collect information on the type of fish
consumed (methylmercury concentrations can vary within
and between fish species by more than 100-fold [17]), some
fish species with high mercury levels are common in New
Zealand diets (e.g. school shark, southern bluefin tuna).

As there have been no previous population studies of
blood mercury in New Zealand, a time trend for blood
mercury could not be established, but two previous studies
conducted in Auckland New Zealand reported hair mercury
levels. The first study from the 1980s [10] included
415 school children and reported GMs ranging between
0.61 and 2.0 µg/g hair, which equates to 2.4–8.0 µg/L blood
mercury (using the 1:250 blood:hair conversion factor [16]),
3–9 times higher than the blood mercury levels in children
who participating in the current study. A later study from
2007/2008 included 46 Pacific mother-child pairs [12] liv-
ing in Auckland and reported a median of 0.32 µg/g hair for
the children at age 6 (equating to 1.3 µg/L), which is twice
the level reported for children in the current study, while the
median for 46 mothers (0.43 µg/g hair; equating to 1.7 µg/L
blood) was similar to the GM reported here for adults.
These data suggest that over the past 30 years mercury

exposure in New Zealand children has likely reduced by
~3% per year, a decline comparable to that reported for
other countries. A study combining data from the USA,
Canada, and the Czech Republic showed annual decreases
in blood tHg of ~2.25% [9]. A study among Swedish
children also showed a decrease of tHg, by about 3% per
year [18] between 1986 and 2013. Reductions in blood tHg
over time have also been observed for women of repro-
ductive age after public health interventions to limit their
exposure to mercury in food. In particular, since 2004
women of reproductive age in the USA have been given
advice to avoid fish species that contain higher levels of
MeHg [17] and mean tHg levels for women of reproductive
age have dropped from 1.96 µg/L in 1999–2000 to 1.39 µg/
L in 2009–2010. A much larger 80% drop in blood tHg was
observed after a similar public health intervention in Ber-
muda [19, 20], where the arithmetic mean of blood tHg in
mothers reduced from 8.3 µg/L in 2003 to 1.3 µg/L in 2010.

We found that on average boys had higher blood tHg
than girls, while among adults we found no gender differ-
ence. Results from the New Zealand Total Diet Survey
2003/2004 indicated that boys age 11–14 years have an
estimated weekly dietary exposures of tHg of 0.74 µg/kg
compared to 0.46 µg/kg/bw/week in girls of the same age

Table 2 Linear regression on blood total mercury concentrations for New Zealand children 2014–2016.

All children (n= 191) Children—male
(n= 95)

Children—female
(n= 96)

R2= 0.358 R2= 0.455 R2= 0.394

n ER1 ER2 n ER1 ER2 n ER1 ER2

Gender (male) ref= female 95 1.55* 1.41*

Region (Northland/Auckland) ref: South 42 0.91 1.09 23 0.60 0.75 19 1.71 1.80

(Waikato/Bay of Plenty) 36 0.93 0.97 21 0.64 0.69 15 1.70 2.08

(Lower North Island) 89 1.09 1.22 39 0.63 0.68 53 2.36* 2.44*

Other ethnicity, ref: Pakeha, Maori, Pacific 17 0.58* 0.79 12 0.53 0.83 5 0.68 0.86

Fish (1–2 times per week) ref: <1 time/week 69 2.28* 1.82* 40 2.53* 2.03* 29 2.04* 1.53

(3 times per week or more) 5 2.41* 2.71* 2 1.65 1.63 3 3.22* 3.24

Eats shellfish (yes) ref: no 87 1.51* 1.39* 44 1.49 1.50 43 1.53* 1.16

Wild game (<1 time per week) ref: never 109 0.99 0.69* 55 0.79 0.51* 54 1.26 0.94

(once or more per week) 14 3.20* 1.04 8 1.99 0.77 6 6.16* 3.41

Potatoes (1–2 times per week) ref: <1 time per week 86 1.36 1.23 38 1.07 0.75 48 2.04 1.70

(3–4 times per week) 119 1.81 1.73 54 1.51 1.03 65 2.87* 2.42

(5 times per week or more) 59 2.03 1.95 29 1.43 0.89 30 1.90 1.00

Tap water (1–2 L) ref: 1 L 77 0.99 0.92 46 0.78 0.90 31 1.26 1.01

(2–3 L) 11 0.54 0.44* 6 0.82 0.76 5 0.28* 0.39

(3 L or more) 4 0.79 0.73 3 0.77 0.75 1 0.57 0.58

Bottle water (1–2 L) ref: 1 L 23 0.95 1.03 15 1.24 1.31 8 0.60 0.71

(2 l or more) 7 0.54 0.95 3 1.01 2.01 4 0.33* 0.72

Fish consumption in 48 h before 35 2.53* 2.14* 25 3.02* 2.71* 10 1.76 1.13

ER exposure ratio (exponentiated regression coefficient), ER1 adjusted for age and gender, ER2 all variables in the table are included in the model.

*p < 0.05.
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group [21], suggesting that diet, in particular fish con-
sumption, may explain the observed gender differences in
blood tHg. Gender differences in children’s elimination of
mercury may also play a role [22].

Consistent with our study, most studies have shown that
blood mercury levels in adults are approximately two times
higher than in children [9]. The positive association with age
we found for adults may be a reflection of mercury accu-
mulation with age, due to exposure exceeding elimination.

Higher income and higher education have both been
associated with higher tHg in studies from Canada [23] and
UK women [24], likely the result of higher fish consump-
tion in this demographic. In our study, women with a
qualification also had higher blood tHg, but no association
with education was observed for men.

Although dental amalgam fillings are a known con-
tributor to urinary Hg [22, 25], data on the relationship
between dental amalgam and blood tHg levels are limited

Table 3 Linear regression on blood total mercury concentrations for adult New Zealanders 2014–2016.

All adults (n= 304) Adults—male (n= 140) Adults—female (n= 164)

R2= 0.441 R2= 0.539 R2= 0.558

n ER1 ER2 n ER1 ER2 n ER1 ER2

Gender (male) ref= female 140 1.09 0.85

Age (years) 1.02* 1.02* 1.02* 1.01 1.02* 1.02*

Region (Northland/Auckland) ref: South 65 1.37* 1.42* 32 1.51* 1.81* 33 1.24 1.26

(Waikato/Bay of Plenty) 85 1.25 1.18 35 1.15 1.46 50 1.31 1.02

(Lower North Island) 79 1.06 0.99 37 1.11 1.29 42 1.01 0.95

Qualification (none) 37 0.83 0.95 19 1.25 1.45 18 0.53* 0.66*

Metallic fillings (1–3) ref: 0 68 1.11 1.08 31 1.42 1.26 37 0.84 0.86

(4–7) 77 1.27 1.02 32 1.64* 1.30 45 0.96 0.86

(8 or more) 69 1.19 1.24 29 1.65* 1.55 40 0.86 0.97

Stroke (ever) ref: never 6 0.79 0.63 3 0.28* 0.31* 3 2.25 1.67

Smoking (ex) ref: never 125 1.29* 1.22* 67 1.29 1.30 58 1.29 1.21

(current) 26 1.57* 1.41 8 1.53 1.32 18 1.59* 1.11

Beer (1–2 per week) ref: < 1 per week 36 1.22 1.13 20 1.06 1.36 16 1.12 0.91

(3 or more per week) 58 1.43* 1.20 49 1.50* 1.29 9 0.73 0.89

Fish (1–2 times per week) ref: <1 time/week 103 1.58* 1.41* 46 1.65* 1.43* 57 1.54* 1.50*

(3 times per week or more) 28 2.17* 1.72* 15 2.28* 1.82* 13 2.10* 1.65

Shellfish (<1 time per week) ref: never 180 1.71* 1.33* 90 2.16* 1.83* 90 1.48* 1.15

(once or more per week) 22 2.26* 1.52* 13 2.64* 1.98 9 2.13* 1.34

Wild game (<1 time per week) ref: never 109 1.55* 1.28* 55 1.24 1.00 54 1.88* 1.58*

(once or more per week) 14 1.11 1.49 8 0.98 1.00 6 1.23 1.88

Milk (≤2 times per week) ref: never) 83 1.22 1.38 42 1.40 1.48 41 1.13 1.41

(3–6 times per week) 67 1.25 1.25 37 1.38 1.38 30 1.24 1.26

(7 times per week or more) 113 1.42* 1.48* 45 1.70 1.67 68 1.29 1.31

Cheese (1–2 times per week) ref: <1 time per week 79 1.01 0.81 34 1.30 1.13 45 0.80 0.69

(3–4 times per week) 75 1.35* 1.11 35 1.53 1.24 40 1.21 1.01

(5 times per week or more) 92 0.95 0.80 43 1.12 0.96 49 0.82 0.68

Can food (1–2 times per week) ref: <1 time/week 100 0.95 0.93 48 0.98 1.04 52 0.92 0.93

(3–4 times per week) 63 0.96 1.01 28 1.01 1.26 35 0.92 1.00

(5 times per week or more) 29 0.69* 0.67* 12 0.75 1.11 17 0.65 0.61*

Tap water (1–2 L) ref: 1 L 106 0.81 0.80 37 0.98 0.80 69 0.70* 0.61*

(2–3 L) 93 1.11 1.01 52 1.17 0.86 41 1.05 0.89

(3 L or more) 31 0.68* 0.68* 13 0.78 0.53* 18 0.59* 0.64

Shellfish in 48 h before blood taking 13 1.88* 1.20 7 1.49 0.89 6 2.48* 1.50

Fish consumption in 48 h before 83 1.51* 1.25* 46 1.68* 0.94 37 1.35 1.12

ER exposure ratio (exponentiated regression coefficient), ER1 adjusted for age and gender, ER2 all variables in the table are included in the model.

*p < 0.05.
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and inconsistent [23]. In the present study, we did not
observe an association between the number of dental
amalgams and blood tHg for children, while for adults the
association was limited to men, although the association
lost statistical significance after adjustment for other
variables including fish consumption. We therefore lim-
ited the analysis to participants in the lowest fish con-
sumption stratum and who did not eat fish in the 48 h prior
to blood collection (results not shown in tables), which
did reveal an association between the number of amalgam
fillings and tHg for adults [OR for 0/1–3/4–7/>=8

metallic fillings (p value): 1.0 (reference)/1.3 (0.18)/1.6
(0.05)/ 1.4 (0.19)] and children [OR for 0/1–3/4–7
metallic fillings (p value): 1.0 (reference)/0.6 (0.86)/2.6
(0.20)], although statistical significance for the highest
category was not reached.

Tobacco smoking is a potential source of exposure to
inorganic mercury. In a study from Canada, the association
between blood tHg and smoking status remained statisti-
cally significant after controlling for fish and shellfish
consumption [23]. The same was observed in our study, in
which both ex- and current smokers had elevated tHg

Table 4 International comparison of population blood total mercury levels reported as geometric means (GMs), from studies conducted within
10 years of the current study.

Country Year of
blood
sampling

Age range Number GMstotalbloodmercury
(methylmercury) (µg/L)

95% CI Limit of
detection (µg/L)

Reference

Children

New Zealand 2014–2016 5–18 193 0.85 0.74–0.99 0.2 This study

USA 2003–2004 6–11 856 0.42 0.36–0.48 0.2 [35]

USA 2005–2006 6–11 934 * * 0.33 [35]

USA 2007–2008 6–11 1011 * * 0.33 [35]

USA 2009–2010 6–11 1009 * * 0.33 [35]

USA 2011–2012 6–11 1048 0.33 (0.21) 0.29–0.38 0.16 [35]

USA 2013–2014 6–11 1075 * * 0.28 [35]

USA 2015–2016 6–11 1023 * * 0.28 [36]

Canada 2007–2009 6–11 910 0.26 0.22–0.32 0.1 [37]

Canada 2009–2011 6–11 961 0.28 0.22–0.34 0.1 [37]

Canada 2012–2013 6–11 944 * * 0.42 [37]

Canada 2014–2015 6–11 925 * * 0.42 [37]

Germany 2003–2006 6–14 1240 0.24 n.r. 0.2 [38]

Korea 2008–2009 20+ (men) 1994 5.35 n.r. n.r. [39]

Italy 2008–2010 13–15 252 0.84 n.r. n.r. [40]

Adults

New Zealand 2014–2016 19–64 304 1.65 1.49–1.82 0.2 This study

USA 2003–2004 20+ 4525 0.98 0.86–1.12 0.2 [35]

USA 2005–2006 20+ 4509 1.06 0.97–1.15 0.33 [35]

USA 2007–2008 20+ 5364 0.94 0.83–1.07 0.33 [35]

USA 2009–2010 20+ 5765 1.04 0.96–1.14 0.33 [35]

USA 2011–2012 20+ 5030 0.86 (0.62) 0.75–0.99 0.16 [35]

USA 2013–2014 20+ 2695 0.81 (0.54) 0.74–0.90 0.28 [35]

USA 2015–2016 20+ 2610 0.81 (0.52) 0.74–0.89 0.28 [36]

Canada 2007–2009 6–79 5319 0.69 0.55–0.86 0.1 [41]

Canada 2009–2011 3–79 6070 0.69 0.56–0.87 0.1 [41]

Canada 2012–2013 3–79 5538 0.79 0.64–0.97 0.42 [41]

Canada 2014–2015 3–79 5498 * * 0.42 [37]

Korea 2012–2014 19–70+ 6457 3.11 3.02–3.21 n.r. [42]

France 2008–2010 20–59 1992 1.38 1.32–1.45 0.036 [43]

Brazil 2006 18–65 653 0.98 0.90–1.05 0.3 [44]

n.r. not reported.

*Proportion of results below limit of detection was too high to provide a valid result.
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compared to never smokers (statistically significant only for
ex-smokers), suggesting that smoking contributes to mer-
cury accumulation in New Zealanders. Living with smokers
in the household was not associated with children’s blood
mercury levels.

In this study, milk consumption was associated with
higher blood Hg, but only for adults. While milk is not
considered an important contributor of mercury exposure,
milk has been suggested to increase mercury absorption
[26, 27] and decrease elimination [28], possibly through a
mechanism of intestinal microflora modulated by a milk diet
being less able to demethylate methylmercury, thereby
reducing its excretion rate [28]. Several studies have not
observed an association between milk consumption and
blood tHg [29, 30], while others observed negative [24, 31]
as well as positive [24] associations.

For both children and adults, the consumption of tap
water was associated with lower levels of tHg. While
drinking water can be a source of mercury in some popu-
lations, it is an insignificant mercury source for the New
Zealand population [21], which this study confirms. How-
ever, the consumption of water may facilitate mercury
elimination via urine, although research in this area is
lacking. We did not observe a positive association between
alcohol consumption and tHg, as has been reported for
Canada [23], Korea [32], and the UK [24].

We found that participants who regularly consumed food
from cans had lower tHg, but information on the type of
canned food was not collected. Baked beans are a common
canned food product in New Zealand, and baked beans are
particularly high in selenium. An antagonistic influence of
selenium on the bioaccumulation of Hg in experimental
animals has been observed [33], which may explain the
inverse association between canned food consumption and
tHg, which would be in line with another study that reported

a negative association between baked beans and blood
mercury levels in UK women [24].

Conclusions

This study showed that in the New Zealand population, fish
consumption is an important contributor to total blood
mercury, and that exceedances of international health-based
reference values do occur in New Zealand children and
adults. Public health messaging such as provided by the
Ministry for Primary Industries [34] in combination with
greater transparency in fish species’ mercury levels at the
point of sale may help the consumer, pregnant women in
particular, to reduce their mercury exposure by selecting
low-mercury fish species [8].
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