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Human biomonitoring studies in the Canadian Arctic have measured a wide range of metals and persistent
organic pollutants in Aboriginal and non-Aboriginal mothers during two time periods in the Northwest
Territories and Nunavut. This analysis provides preliminary estimates on sample sizes and sampling
frequencies required to measure significant changes in maternal blood concentrations for PCB 153 and total
mercury. For example, sample sizes of 35-40 mothers permit the detection of a 40% decrease in these chemical
concentrations between two groups (e.g. communities or regions). Improvements in method sensitivity can be
achieved by on-going sampling over multiple time periods (e.g. 4 or 5) in these regions, or increasing sample

sizes.
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biomagnify in northern traditional foods and have
been linked to human health effects, with most
concern placed on the immune, nervous, hormonal or
cardiovascular systems of the foetus. Accordingly, human
biomonitoring studies conducted in the Canadian Arctic
have frequently examined expectant women to obtain
insight on potential risks to the developing child.
Northern studies indicate that concentrations of
many historic POPs have declined in Arctic biota (1) and
Canadian Arctic peoples (2) over the past few decades. The
fate of mercury in the Arctic is less clear, as both increasing
and decreasing concentrations have been observed in biota
(3), while human concentrations in Canada have shown a
general decline (2). In view of this ambiguity, it becomes
desirable to characterize temporal and spatial trends
using clear quantitative measures. A statistically robust
regression-based analysis method has been developed to
describe temporal trends of POPs (1) and mercury (3) in
Arctic biota. Although this approach has been undertaken
for the general Inuit population in Greenland (4), to our
knowledge this kind of statistical rigor has not been used
to identify chemical trends or define sampling criteria for
human biomonitoring in the Canadian Arctic. To inform
future study design, we performed a preliminary statistical

Persistent organic pollutants (POPs) and mercury

analysis of two previous northern biomonitoring studies
to estimate sample sizes and sampling frequencies re-
quired to report significant changes in blood concentra-
tions for PCB 153 and mercury in mothers from the
Northwest Territories and Nunavut.

Methods

Study population

The Northern Contaminants Program (NCP) of Abori-
ginal Affairs and Northern Development Canada has
coordinated maternal biomonitoring studies in the Inuvik
Region of the Northwest Territories and the Baffin Region
of Nunavut on two occasions (1997-1999 and 2005-2007)
(2). All expectant Aboriginal and non-Aboriginal mothers
who volunteered for the NCP studies were sampled due to
small population sizes, summarized in Table I. Signed
informed consent was obtained from each participant.
The study protocols were reviewed and approved by the
research ethics boards for each of the participating centres
and health authorities, as appropriate.

Statistical analysis

The polychlorinated biphenyl congener PCB 153 and total
mercury were chosen for subsequent analysis because they
were nearly 100% detected (99.04%) and they had amongst
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Table 1. Demographic variables for mothers from the Inuvik Region of the Northwest Territories, and the Baffin Region of Nunavut

Inuvik

Baffin

Baseline study: 1998-1999  Follow-up study: 2005-2006 Baseline study: 1997  Follow-up study: 2005-2007

Age (years)
Mean (range)
Ethnicity
Inuit
Dene/Metis

Non-Aboriginal
Parity (No. of children)

)
2
3
4+

25.6 (15-45)

32.6% (n=31)

40.4% (n =38)
24.5% (n =23)
19.1% (n=18)
16.0% (n =15)

25.3 (16-39)

68.4% (n =54)

25.3 (15-39)

88.6% (n =31)

24.1 (15-39)

100% (n =101)

24.1% (n=19) N/A N/A
7.6% (n=6) 11.4% (n=4) N/A
36.7% (n =29) 34.3% (n=12) 21.8% (n=22)
22.8% (n=18) 14.3% (n =5) 23.8% (n=24)
12.7% (n=10) 17.1% (n=6) 24.8% (n=25)
27.8% (n =22) 34.3% (n=12) 29.7% (n =30)

the highest variability of all chemicals examined. Here,
PCB 153 is expressed on a wet weight basis in plasma
(ng/L); total mercury is presented in whole blood (pg/L).
Probability plots and the Anderson—Darling test demon-
strated that both chemicals were lognormally distributed.
Statistical inferences were performed on log-transformed
data; hence geometric means were assessed on the original
scale for a multiplicative effect by determining the per-
centage increase or decrease in chemical concentration
that was detectable and significant.

We first performed a temporal analysis where a
population is re-sampled in subsequent time periods,
making the assumption that each time point selects an
independent sample of expectant mothers. While inde-
pendence is typically not assumed for time series or
longitudinal studies, the type of temporal dependence is
difficult to determine from only two time periods. Further,
the sampling design is such that each time period may
necessitate a different sample of pregnant women, since
the overall population is small and pregnancy is a
temporary condition that is difficult to predict. We based
these calculations on powers from the analysis of variance
(ANOVA) hypothesis test. We note that these calculations
were approximate since we assumed the estimate of the
variability (mean square error or MSE) was constant for
two or more time periods. If the MSE were to change, the
calculated sample sizes would be different.

We also examined a situation where 2 groups (e.g.
region, ethnicity, or community) of equal size are sampled
during the same time period. From the lognormal dis-
tributions, we were able to declare the geometric mean
of the first group as being significantly different from
the second if it is greater than the corresponding upper
confidence limit, or less than the lower confidence limit.
This method of calculating confidence intervals on the log
scale ensures the lower bound is always positive. As a
result, however, they are no longer symmetric about the

geometric mean. These group sample size calculations are
based on the observed variation of a single pooled dataset
for each chemical, expressed as the log of the standard
deviation (logsd).

Sample size calculations were based on 80% power
(B=0.20) and using a significance level (o) of 0.05, at a
95% confidence interval on the log scale. All statistical
analyses were performed using the software package SAS
Enterprise Guide 4.2 (Statistical Analysis System).

Results and discussion

Table II presents our temporal analysis in terms of
measurable percent decreases in geometric mean concen-
trations for PCB 153 and total mercury, in anticipation of
future decreases in human chemical concentrations. We
observed that fewer samples are required as the number
of time periods increases. For instance, in order to detect
an overall 35% decrease in PCB 153 concentration, we
would need to sample 40 mothers over each of 2 time
periods, 33 mothers over each of 3 time periods, and so
on. The number of samples required to measure the same
percent change in total mercury is slightly higher.

Our group analysis in Table III describes the percent
change that can be measured between 2 populations
during a single time period. For example, a sample size of
40 participants (for each group) allows a 39.1% decrease
or a 64.3% increase in the PCB 153 concentration to be
detected. In other words, if the geometric mean concen-
tration of the first group is 1 pg/L, then the second group
is significantly different if its geometric mean is smaller
than 0.609 pg/L or larger than 1.643 pg/L. As before, the
estimates for total mercury are slightly larger. Chemicals
with less variability will have a higher degree of precision
using the sample sizes presented here.

These results demonstrate that as study population
sizes are increased, smaller percent changes in chemical
concentrations can be detected. However, this approach
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Tuable II. Percent decrease in geometric mean concentrations for PCB 153 and total mercury that can be detected for different sample
sizes as the number of time periods increases (MSE =0.8757 for PCB 153; MSE =1.0422 for total mercury)

Log % Time Sample size Time Sample size Time Sample size Time Sample
difference Decrease  periods per period periods per period periods per period periods  size per period
PCB 153
0.10 10.5 2 345 3 283 4 240 5 210
0.15 16.2 2 154 3 127 4 108 5 94
0.20 22.1 2 87 3 72 4 61 5 54
0.30 35.0 2 40 3 33 4 28 5 25
0.40 49.2 2 23 3 19 4 16 5 15
0.50 64.9 2 15 3 13 4 11 5 10
0.60 82.2 2 11 3 9 4 8 5 7
0.70 101 2 9 3 7 4 6 5 6
0.80 123 2 7 3 6 4 5 5 5
0.90 146 2 6 3 5 4 5 5 4
1.00 172 2 5 3 5 4 4 5 4
Total mercury
0.10 10.5 2 410 3 336 4 286 5 250
0.15 16.2 2 183 3 150 4 128 5 112
0.20 22.1 2 104 3 85 4 72 5 64
0.30 35.0 2 47 3 39 4 33 5 29
0.40 49.2 2 27 3 22 4 19 5 17
0.50 64.9 2 18 3 15 4 13 5 11
0.60 82.2 2 13 3 11 4 9 5 8
0.70 101 2 10 3 8 4 7 5 7
0.80 123 2 8 3 7 4 6 5 5
0.90 146 2 7 3 6 4 5 5 5
1.00 172 2 6 3 5 4 4 5 4

for improving method sensitivity may present a challenge
for future biomonitoring in the Canadian Arctic, parti-
cularly during maternal studies, due to the inherent
challenges of examining sparse populations in remote
regions such as the Arctic (5). Improvements in method
sensitivity may be better achieved by increasing the

number of sampling time periods from 2 to 4 or 5 in
order to achieve a precision of less than 20%. The
northern data examined here indicates that it has been
possible to confidently detect contaminant concentra-
tion decreases in the range of 20 to 50%, depending on
the chemical, based on prior sample sizes ranging from

Tuble I11. Percent increase and decrease in geometric mean concentrations for PCB 153 and total mercury that can be detected when
comparing 2 different groups of equal size (logsd =1.132 for PCB 153; logsd =1.203 for total mercury)

PCB 153

Total mercury

Group sample size % Decrease

% Increase

% Decrease % Increase

10 62.9
15 55.5
20 50.4
30 43.6
40 39.1
50 35.8
60 33.3
70 31.3
80 29.6
90 28.2
100 26.9

170 65.2 187
125 57.7 137
102 52.6 111
77.4 45.6 83.8
64.3 41.0 69.4
55.9 37.6 60.2
50.0 35.0 53.8
45.5 32.9 49.0
42.0 31.1 45.2
39.2 20.6 421
36.9 28.4 39.6
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30 to 100 mothers (2). However, since these samples are
not random population samples, care must be taken when
making conclusions on sample size and temporal trends.
We also acknowledge that with additional time points,
other statistical approaches to analysing trends over time
would involve regression and/or time series methods.
Such methods are more computationally involved and
typically require more than 5 time periods to adequately
assess the changes in contaminant levels over time.

Acknowledgements

The authors gratefully acknowledge the women from the Northwest
Territories and Nunavut who volunteered to participate in the NCP
studies. Special thanks are given to the Northern Contaminants
Program, the Chemicals Management Plan, the Government of
the Northwest Territories and the Government of Nunavut for
their support and financial assistance for human health research
projects in Arctic Canada. We also thank Bryan Adlard, Tara
Leech and Shawn Donaldson for their assistance in preparing the
manuscript.

Conflict of interest and funding
The authors have not received any funding or benefits from
industry or elsewhere to conduct this study.

References

1. Rigét F, Bignert A, Braune B, Stow J, Wilson S. Temporal
trends of legacy POPs in Arctic biota, an update. Sci Total
Environ. 2010;408:2874—-84.

2. Donaldson SG, Van Oostdam J, Tikhonov C, Feeley M,
Armstrong B, Ayotte P, et al. Environmental contaminants
and human health in the Canadian Arctic. Sci Total Environ.
2010;408:5165-234.

3. Rigét F, Braune B, Bignert A, Wilson S, Aars J, Born E, et al.
Temporal trends of Hg in Arctic biota, an update. Sci Total
Environ. 2011;409:3520-6.

4. Bjerregaard P, Pedersen HS, Nielsen NO, Dewailly E. Popula-
tion surveys in Greenland 1993-2009: temporal trend of PCBs
and pesticides in the general Inuit population by age and
urbanisation. Sci Total Environ. 2013;454-5:283-8.

5. Odland J@, Nieboer E. Human biomonitoring in the Arctic.
Special challenges in a sparsely populated area. Int J Hyg
Environ Health. 2012;215:159-67.

Citation: Int J Circumpolar Health 2014, 73: 23467 - http://dx.doi.org/10.3402/ijch.v73.23467

(page number not for citation purpose)


http://www.circumpolarhealthjournal.net/index.php/ijch/article/view/23467
http://dx.doi.org/10.3402/ijch.v73.23467


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


