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Introduction

The long-term monitoring of persistent and bio-accumulating chemicals in the Swedish
environment is part of the Swedish National Environmental Monitoring Programme. It is based on
chemical analyses of tissues and organs from species collected in selected reference areas of the
Swedish mainland, lakes and coastal areas (Odsjo & Olsson 1979a,b, Bernes 1985). As part of the
terrestrial contaminant monitoring programme, specimens of muscle, liver and kidney of moose
(Alces alces) have been collected since 1980 from Grimso, a reference area in the monitoring
programme and a coherent hunting district in the Orebro county (T) in south-central Sweden. In
1996, the monitoring was extended by collection and chemical analysis of organs of moose from six
further counties and districts in Sweden. These districts are situated in the Norrbotten county (BD),
Jimtland county (Z), Vistmanland county (U), Alvsborg county (P), Jonkdping county (F) and
Kronoberg county (G) (Figure 1).

Moose, with a diet dominated by twigs and leaves of trees and shrubs (Cederlund ef al. 1980), was
chosen in the monitoring programme as a representative of biota in the Swedish forest areas. Since
the moose is distributed almost all over the country, it was considered as an ideal material also for
studies of spatial distribution of environmental pollution and bioaccumulation, which is the reason
for the extended collection of samples in 1996 onwards.

This report presents levels and time trends of Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, V and
Zn in liver and kidney and Se and Hg in liver and muscle from the period 1996-2004. For Grims6
data from an extended period, 1980-2004 is presented.



Material and methods

Grimso area

From the start of the collection in the Grimso area (Figure 1), samples of liver, kidney and muscle
have been collected from approximately 45-50 individuals annually during the hunting season in the
autumn and, with special permit also in the winter and spring. Samples were taken from all
individuals shot in the area during hunting despite age and sex. This was done to make it possible to
select the most appropriate and homogeneous material for contaminant monitoring according to
influence of biological variables (e.g. age, sex, etc.) on the concentrations. The samples were
extracted at the slaughter, prepared in laboratory and stored in a temperature of -30°C until analysis.
Individual age was determined by tooth sectioning after slaughter. Calves and, certain seasons also
males were initially well represented in the material. However, the age structure of the material has
changed considerably during the period, which may have consequence in future for the choice of
material from a smaller and spatial concentrated population like that in the Grimso area. According
to the extended hunting period and date of collection, selection of individual calves for analyses was
restricted to the period October 1 - April 30 each hunting season. The selection of specimens started
with the earliest shot animals each season. No significant variation in levels of Cd according to date
of collection during the hunting season was revealed (Odsjo 2001).

From the Grimso area, tissue samples of male calves were selected for analyses with some few
exceptions that were from female calves. Completion of male samples with samples of females was
acceptable after studies of the relation level/sex for cadmium in kidney, which showed no
difference according to sex. Further tests and discussion of selection criteria of matrices of moose
are reported elsewhere (Odsjo 2001). The time series from Grimso includes 25 years of analyses
and 258 individual samples from calves. For chromium, nickel, lead, vanadium and mercury some
samples were either missing or below limit of detection (see below).

Other districts

From the other six districts (Figure 1), samples of blood serum, muscle, liver, kidney, spleen, hair
and half the lower jaw (mandible) were collected from approximately 40 calves and 50 adult moose
per year. The samples were collected from animals shot during the ordinary hunt in the autumn;
mid-October to the end of December in southern Sweden, and September to the end of October in
northern Sweden except for three weeks interruption during mating season. These samples were
also extracted at the slaughter, prepared in laboratory and stored in a temperature of -25°C until
analysis. Specimens of varying ages and sex were selected for analysis. The ages vary from calves
(approximately six months) up to animals 2.5 and 3.5 years old. From the six counties, moose at an
age o 1 to 3.5 years were selected for statistical trend evaluations of concentrations. This was done
to reduce the annual variation to an acceptable level.

In order to achieve information on the within-year variation in concentration of the studied
populations, 10 or more individuals (of different ages) were analysed per year and district.
However, in some years it has not been able to achieve the required number of requested
individuals. From the individual analyses a geometric mean value was calculated and used as a
value of the year in the time trend study.

Only two individuals in 2003 and one in 2004 from Alvsborg county (P) were analysed, why results
from that years are uncertain.
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Figure 1 Sampling sites in the various counties indicated with dots. The star indicates the Grimso field station where the
moose for the 24-year time series are collected.



Analytical methods

Pre-treatment of samples
The outer layer of the tissue specimens was cut off and samples were taken from the inner part to
avoid surface contamination.

Combustion of organs (5 g liver and kidney, respectively, for multi-metal determination; about 5 g
liver and muscle, respectively, for analysis of Hg and Se) was performed by automatic wet
digestion according to a standard program (Frank 1976, Frank, and Petersson1983, Frank 1988,
Frank ef al. 1992). Selenium concentrations are not reported in this report. An electrically heated
block of aluminium was used (Foss Tecator Digestion System, Model 40, Foss Tecator AB,
Hoganis, Sweden). For digestion conditions see Table 1.

Table 1. Conditions for wet digestion of organ tissues.

Element Acid mixture Acid mixture Type of digestion Final temperature of
(collection year (collection years tube digestion (°C)
1996) 1997-2004 and
Grims6 1980-2004)
Ca, Cd, Co, Cr, Cu, |65% HNOs, 65% HNO;, quartz glass 240
Fe, Mg, Mn, Mo, 70% HCIO, 70% HCIOy,
Ni, Pb, V, Zn 95 % H,S0,
Hg 65% HNOs, 65% HNO;, boro-silicate glass 180
70% HCIO, 70% HCIO,
Se 65% HNO;, 65% HNO;, boro-silicate glass 225
70% HCIO, 70% HCIO,
Analysis

Analysis of 13 elements (Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, V and Zn) in material from
1996 was performed using direct-current plasma atomic emission spectrometry, DCP-AES
(SpectraSpan II1A, Applied Research Laboratories Inc., Valencia, CA, USA) and inductively
coupled plasma atomic emission spectrometry, ICP-AES (JY 50P, Jobin Yvon-Horiba SA, 91165
Longjumeau, France) (Frank and Petersson 1983). For material from 1997-2004 the analysis was
performed using only inductively coupled plasma atomic emission spectrometry, ICP-AES, (JY
238, Jobin Yvon-Horiba SA, 91165 Longjumeau, France). (The method is accredited since June
1998).

The limits of detection (LOD) for the elements are presented in Table 2.

For the determination of Hg in material from 1996-98, flow injection cold vapour atomic absorption
spectrometry, FI-CV-AAS, was used. For the determination of Se in material from 1996-98, flow
injection hydride generation atomic absorption spectrometry, FI-HG-AAS, was used (Galgan and
Frank 1988, Galgan and Frank 1993). (The methods are accredited since June 1998). The
determination of Hg and Se in material from 1999 - 2004 was performed by using cold vapour
(CV)- ICP-AES and hydride generation (HG)- ICP-AES, respectively. (The methods are accredited
since Oct. 2000).

The limits of detection for Hg and Se for the different techniques are shown in Table 3. Quality
control was performed using appropriate reference materials like NIST (National Institute of
Standards and Technology) SRM 1577b bovine liver.

The analysis of the thirteen elements in moose tissues from Grimso, 1980-2004, was performed
using ICP-AES and the analysis of Hg and Se by use of CV-ICP-AES and HG-ICP-AES,
respectively. (Limits of detection see Table 2 and 3). The number of individual samples from



Grimso below the limit of detection of the elements is given in Table 4. They have been excluded
from calculations of mean values.

The chemical analyses were carried out by the Department of Chemistry, National Veterinary
Institute, Uppsala.

Table 2.
Limits of detection (LOD) for the various analytical techniques and years estimated from samples
of 5 g, ug/g, fresh weight.

1996 1997-2004 1998-2004
other districts | Grimso 1980-2004
Technique —? DCP-AES ICP-AES
Element |? LOD (3s) LOD (3s)
Ca 0.146 0.44%
Cd 0.020 0.002
Co 0.002 0.002
Cr 0.002 0.005
Cu 0.018 0.15*
Fe 0.056 0.44*
Mg 0.024 0.46*
Mn 0.010 0.014*
Mo 0.020 0.002
Ni 0.006 0.022*
Pb 0.020 0.008
\Y 0.002 0.002
Zn 0.112 0.62*
*=blank+3s
Table 3.

Limits of detection for the various analytical techniques and years, (blank + 3s) estimated from
samples of 5 g, ng/g, fresh weight.

1996 1997 1998 1999-2004
Element ?| Technique —? FI-HG-AAS FI-HG-AAS FI-HG-AAS HG-ICP-AES
Se 1 1 1 2.2
Element ?| Technique —? FI-CV-AAS FI-CV-AAS FI-CV-AAS CV-ICP-AES
Hg 0.26 0.29 0.30 1.1

Table 4.
Number (n) of individual samples of moose from Grimsé out of a total of 258, found with
concentrations below the limits of detection (LOD). (I)=liver, (k)=kidney, (m)=muscle

Element n below LOD % below LOD | Total
Cr (D) 23 8.9 259
Cr (k) 23 8.9 259
Ni (1) 67 26.0 259
Ni (k) 45 17.4 259
Pb () 28 10.9 258
Pb (k) 3 1.2 258
V() 70 27.1 259
V (k) 57 22.1 259
Hg (1) 5 8.5 59
Hg (m) 30 50.1 59




Statistical treatment and graphical presentation

Trend detection
One of the main purposes of the monitoring programme is to detect trends.

The slope of the line describes the annual change. A slope of 5% implies that the concentration is
halved in 14 years whereas 10% corresponds to a similar reduction in 7 years and 2% in 35 years.
See table 5 below.

Table 5. The approximate number of years required to double or half the initial concentration assuming a continuos
annual change of 1, 2, 3,4, 5,7, 10, 12, 15 or 20% a year.

1% 2% 3% 4% 5% 7% 10% 12% 15% 20%

Increase 70 35 24 18 14 10 7 6 5 4
Decrease 69 35 23 17 14 10 7 6 4 3
Legend to the plots

The analytical results from each of the investigated elements are displayed in figures. Each
site/tissue is represented by a separate plot except for time series shorter than 4 years.

The plot displays the geometric mean concentration of each year (dots) together with the individual
analyses (small dots) and the 95% confidence intervals of the geometric means.

The overall geometric mean value for the time series is depicted as a horizontal, thin, dashed line.

Values reported below the limits of detection (LOD) is substituted using the ‘robust’ method
suggested by Helsel & Hirsch (1995) p 362, assuming a lognormal distribution within a year. N.B. a
minimum of three values above the LOD is required for this substitution; years with fewer results
above the LOD are not represented in the figures. The LOD is marked by a shaded area

The trend is presented by one or two regression lines (plotted if p < 0.05, two-sided regression
analysis); one for the whole time period and one for the last ten years (if the time series is longer
than ten years). Ten years is often too short a period to statistically detect a trend unless it is of
considerable magnitude. Nevertheless the ten-year regression line will indicate a possible change in
the direction of a trend. Furthermore, the residual variance around the line compared to the residual
variance for the entire period will indicate if the sensitivity have increased as a result of e.g. an
improved sampling technique or that problems in the chemical analysis have disappeared. In this
version of report, only one regression line for the entire period is presented.

The log-linear regression lines fitted through the geometric mean concentrations follow smooth
exponential functions.

Each plot has a header with a letter for the investigated county, BD = Norrbotten,
Z = Jamtland, U = Vistmanland, P = Alvsborg, F = Jénkdping and G = Kronoberg county. Below
the header of each plot the results from several statistical calculations are reported:

n(tot)= The first line reports the total number of analyses included together with the number of
years ( n(yrs)=). Note that values below the limit of detection are included in this number.

m = The overall geometric mean value together with its 95% confidence interval is reported on the
second line of the plot (N.B. d.f.=n of years - 1).



slope = reports the slope, expressed as the annual change together with its 95% confidence interval.

SD(Ir) = reports the square root of the residual variance around the regression line, as a measure of
between-year variation, together with the lowest detectable change in the current time series with a
power of 80%, one-sided test, a=0.05. The last figure on this line is the estimated number of years
required to detect an annual change of 5% with a power of 80%, one-sided test, a=0.05.

power = reports the power to detect a log-linear trend in the time series (Nicholson & Fryer, 1991).
The first figure represents the power to detect an annual change of 5% with the number of years in
the current time series. The second figure is the power estimated as if the slope where 5% a year
and the number of years were ten. The third figure is the lowest detectable change for a ten-year
period with the current between year variation at a power of 80%.

y(04) = reports the concentration estimated from the regression line for the last year together with a
95% confidence interval, e.g. y(04)=2.51(1.92,3.27) is the estimated concentration of year 2004
where the residual variance around the regression line is used to calculate the confidence interval.
Provided that the regression line is relevant to describe the trend, the residual variance might be
more appropriate than the within-year variance in this respect.

r’= reports the coefficient of determination (r°) together with a p-value for a two-sided test (H,:
slope = 0) i.e. a significant value is interpreted as a true change, provided that the assumptions of
the regression analysis is fulfilled.

Note. In most cases the y-axis representing the concentrations are different for liver and kidney
tissue.

Summary

Significantly increasing trends of magnesium (0.41% a year, liver), manganese (0.74% a year,
liver), molybdenum (both liver; 2.6% a year and kidney; 3.8% a year) and zinc (0.47% a year, liver)
were shown for the time series from Grimso. 25 years of analyses are now available. Significantly
decreasing trends of iron (-0.81% a year in 1980-2004, kidney; -3.8% a year in liver and — 2.5% in
kidney in 1995-2004), lead (both liver; —5.8% a year and kidney; -6.2% a year) and vanadium (-3.2
% a year, kidney), were shown for the time series from Grimso, although many single
concentrations of vanadium fell below the limit of detection.

Since only 7-9 years of analysis are yet available for the six other areas, it is not likely to find any
significant trends in the time series unless relatively large systematic changes have occurred but
some significant trends have actually been detected. The same thing is also true for geographical
differences where only relatively large regional differences can be detected with the material yet
available.
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Calcium Ca

Temporal variation

Significant negative trends in liver tissue from Jimtland (Z), Jonkoping (F) and Kronoberg county (G) were
detected (annual decrease 5.9%, p<0.032, 3.3%, p<0.010 and 6.4 %, p<0.001, respectively). Significant
negative trends were also detected in kidney tissue from Norrbotten (BD) and Kronoberg county (G) (annual
decrease 2.7%, p<0.069 and 3.5%, p<0.009, respectively).

No significant change in calcium concentrations was found in liver and kidney tissue, neither for the period
1980-2004 nor for the period 1995-2004 in the Grimso area. The number of years required to detect an
annual change of 5% was 10 years for liver tissue and 7 years for kidney tissue in samples from Grimso
where 25 years of analyses are available. These time series are likely to detect an annual change of about 4
and 3% in liver and kidney respectively, provided that the power is fixed to 80% and the significance level is
set to 5%. For the shorter time-series where only seven to nine years yet are available, the number of years
required detecting an annual change of 5% varied between 7 and 12 years for liver tissue and between 7 and

9 years for kidney tissues. In general, time series of ten years are likely to detect an annual change between 2
and 6%.

The overall geometric mean value of calcium in liver and kidney of moose from Grims6 was 54.0 and 73.1
ug/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues

The calcium concentrations in kidney tissue were somewhat higher, about 1.4 times, compared to the
concentrations found in liver for the 25 years time series from Grimso. For the shorter time series the number
of years are sometimes not sufficient for a statistical significant difference but there is a general pattern of
higher calcium concentrations in kidney tissue.

Calcium, ug/g fresh w., moose from Grimso

Liver Kidney
200 N(tot)=259,n(yrs)=25 200 N(tot)=259,n(yrs)=25
| m=54.0 (51.4,56.8) | m=73.1(70.9,75.4)
180 |-Slope=.49%(-.18,1.2) 180 |-Slope=.33%(-.08,.75)
| SD(Ir)=.12,1.0%,10 yr | SD(Ir)=.07,.60%,7 yr
160 | power=1.0/.92/4.2% 160 | power=1.0/1.0/2.6%
[y(04)=57.3 (52.1,63.0) [y(04)=76.1 (71.8,80.6)
r2=.09, NS . r2=.11, NS
140 [(a0=.24, p<.093 140 a0=.21, NS
" slope=-.34%(-4.7,4.0) . " slope=-.46%(-2.3,1.4)
120 =sD(Ir)=.17,6.1%,12 yr 120 =SD(Ir)=.07,2.7%,7 yr
power=.63/.63/6.1% power=1.0/1.0/2.7%
100 r2=.00, NS 100 2=.04, NS o
80 S : 80—.:2"1.:*“#%"*#:‘
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40—:'~‘.:*"‘.~;: s 40 ’
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Calcium, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
| n(tot)=67,n(yrs)=9 | n(tot)=49,n(yrs)=7 | n(tot)=64,n(yrs)=9 | n(tot)=32,n(yrs)=7 | n(tot)=61,n(yrs)=9 | n(tot)=68,n(yrs)=9

m=45.2 (41.6,49.1) m=47.7 (41.4,55.1) m=49.6 (43.7,56.4) m=45.1 (42.7,47.6) m=45.8 (42.1,49.9) m=47.9 (41.3,55.5)
" slope=-1.8%(-4.9,1.3)140 [ slope=-5.9%(-8.8,-3.1340 [ slope=.62%(-4.8,6.0) 140 [ slope=1.1%(-1.2,3.4) 140 [ slope=-3.2%(-5.4,-1.0}40 [ slope=-6.4%(-9.0,-3.7)
- SD(Ir)=.10,4.4%,9 yr - SD(Ir)=.06,4.4%,7 yr - SD(Ir)=.18,7.7%,12 yr [ SD(Ir)=.06,3.8%,7 yr - SD(I)=.07,3.1%,7 yr - SD(Ir)=.09,3.7%,8 yr
- power=.90/.97/3.7% 120 I power=.89/1.0/2.3% 120 | power=.45/.59/6.4% 120 F power=.95/1.0/2.0% 120 [ power=1.0/1.0/2.6% 120 [ power=.97/1.0/3.1%
- v(04)=42.0 (36.2,48.7) I y(04)=39.6 (35.5,44.1) I y(04)=50.9 (39.3,65.8) | y(03)=46.8 (42.6,51.4) | y(04)=40.3 (36.3,44.7) | y(04)=37.2(32.8,42.1)
- r2=.21, NS 100 | r2=.86, p<.003 * 100  r2=.01, NS 100 | r2=.24, NS 100 t r2=.64, p<.010 * 100 | r2=.82, p<.001 *
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| m=90.5(82.7,99.0) 250 | m=87.2(82.0,92.7) 250 | m=78.5(72.5,85.0) 250 } m=74.3 (71.5,77.1) 250 | m=78.4(72.0,85.3) 250 | m=78.0 (71.2,85.5)

slope=-2.7%(-5.7,.30)
" SD(Ir)=.10,4.2%,9 yr
L power=.92/.98/3.5% 200
y(04)=81.3 (70.5,93.7)

- r2=.39, p<.069

slope=-.04%(-3.2,3.1)

" SD(Ir)=.07,5.0%,7 yr

L power=.81/1.0/2.6% 200
y(04)=87.1 (77.1,98.4)

- r2=.00, NS

slope=.79%(-2.5,4.1)

" SD(Ir)=.11,4.7%,9 yr

| power=.86/.96/3.9% 200
y(04)=81.0 (69.2,94.8)

r r2=.04, NS

slope=.11%(-1.7,1.9)

[ SD(Ir)=.04,3.0%,6 yr

L power=1.0/1.0/1.6% 200
y(03)=74.5 (69.2,80.2)

r r2=.00, NS

slope=-.52%(-4.1,3.0)

" SD(Ir)=.12,5.0%,9 yr

L power=.80/.92/4.2% 200
y(04)=76.8 (64.8,91.0)

- r2=.02, NS

slope=-3.5%(-5.8,-1.2)
" SD(Ir)=.08,3.3%,8 yr

L power=.99/1.0/2.7%
y(04)=67.9 (60.8,75.8)
r r2=.65, p<.009 *
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Cadmium Cd

Temporal variation

A significant increase of cadmium concentrations in liver and kidney tissue from Viastmanland county (U)
was detected (annual increase 5.5%, p<0.032, and 4.6%, p<0.059, respectively). A significant negative trend
was detected for cadmium concentrations in kidney tissue from Jimtland county (Z) (annual decrease 7.2%,
p<0.059).

No significant change in cadmium concentrations was found in liver and kidney tissue, neither for the period
1980-2004 nor for the period 1995-2004 in the Grims0 area. The number of years required to detect an
annual change of 5% was 14 years for liver tissue and 16 years for kidney tissue in samples from Grimso
where 25 years of analyses are available. These time series are likely to detect an annual change of about 9
and 11% in liver and kidney respectively, provided that the power is fixed to 80% and the significance level
is set to 5%. For the shorter time series where only seven to nine years yet are available, the number of years
required detecting an annual change of 5% varied between 11 and 23 years for liver tissue and between 11
and 23 years for kidney tissue. Time series of ten years are likely to detect an annual change between 6 and
20%.

The overall geometric mean value of cadmium in liver and kidney of moose from Grimso was
0.283 and 0.899 ng/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
The cadmium concentrations in kidney tissue were significantly higher, on average 3 to 5 times, compared to
the concentrations found in liver.

Cadmium, ug/g fresh w., moose from Grimso

Liver Kidney
n(tot)=259,n(yrs)=25 | n(tot)=259,n(yrs)=25
m=.283 (.257,.312) ’ m=.899 (.797,1.01)
slope=.63%(-.72,2.0) . 4.0 rslope=.78%(-.88,2.4)
SD(Ir)=.23,1.9%,14 yr - ~SD(Ir)=.29,2.4%,16 yr
power=1.0/.37/8.6% 3.5 Hpower=1.0/.26/11%
-7517y(04)=.305 (.253,.369) | y(04)= .99 (.78,1.25)
r2=.04, NS . : r2=.04, NS
tao=.11, NS e 3.0 ta0=.12, NS
slope=2.3%(-2.9,7.6) - B ~slope=.19%(-6.6,7.0)
SD(Ir)=.21,7.5%,13 yr - 2.5-SD(Ir)=.27,9:8%,15 yr
50 -power=.46/.46/7.5% . S | power=.30/.30/9.8%
r2=:11, NS. . : 20 | r2=.00, NS :

L
g L A o

.00
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Cadmium, ug/g fresh w., moose liver (above) / kidney (below)

10

BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
m m=.297 (.222,.399) 3.0  m=.501(.418,.600) 3.0  m=.569 (.483,.670) 3.0 [ m=.664 (.428,1.03) 3.0 [ m=.742 (.644,.856) 3.0 [ m=.570 (.478,.680)

- slope=-6.1%(-17,5.1) - slope=-5.1%(-12,2.2) - slope=5.5%(.59,10) - slope=-.60%(-22,21) - slope=1.3%(-4.6,7.2) - slope=-1.9%(-9.2,5.4)
| SD(In=.37,17%,19yr , 5 | SD(IN=.17,12%,12yr , o | SD(I)=.16,7.0%,11 yr , z | SD(Ir)=.52,41%,23 yr , o | SD(Ir)=.19,8.5%,13 yr , o | SD(I)=.24,11%,14 yr
power=.14/.18/14% : power=.24/.65/6.0% ) power=.52/.68/5.8% ) power=.07/.11/20% ) power=.38/.52/7.0% : power=.27/.36/8.7%
~ y(04)=.233 (.137,.397) m y(04)=.426 (.322,.564) ™ y(04)=.709 (.561,.895) ~ y(03)=.65 (.28,1.54) r y(04)= .78 (.59,1.04) - y(04)=.528 (.373,.747)

- r2=.19, NS 2.0 | r2=.39, NS 2.0 } r2=.50, p<.032 * 2.0 | r2=.00, NS 2.0 } r2=.04, NS 2.0 | r2=.05, NS
- 15 15 15 F ™ 15 15 F
- 0OF . R 10 F ot . 0F 10 F ; L. 0F i .. R
i .10_ o 0_ 10_ # . 0 [;l % 4910_.+§ :.*
44 o s) 4;% st e S[et bl s-sz R SR SR 213
s U Tt IR T 8T e T e
L A U I S s i B L A L L e L s e s Uy I O O O
96 99 02 96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
BD P G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 1 n(tot)=68,n(yrs)=9
" m=1.49 (1.052.13) 4 m=2.08(1.67,2.59) 14 m=3.10 (2.67,3.60) '4[ m=2.86 (1.82,4.49) 14 m=3.38(2.97,3.85) 4T m=2.86 (2.29,3.57)
" slope=-7.0%(-21,6.8) " slope=-7.2%(-15,.45) " slope=4.6%(-.28,9.4) " slope=-3.3%(-25,18) " slope=-.62%(-61,4.9) " slope=-5.9%(-14,2.0)
- SD(IN=.45,21%,21 yr 12 | SD(I")=.18,12%,12yr 12 | SD(Ir)=.16,6.9%,11 yr 12 [ SD(Ir)=.53,41%,23 yr 12 | SD(Ir)=.18,7.9%,12 yr 12 - SD(Ir)=.26,11%,15 yr
L power=.11/.13/17% I power=.22/.60/6.4% L power=.53/.69/5.7% L power=.07/.11/20% I power=.43/.58/6.5% L power=.24/.32/9.4%
L y(04)=1.13 (.59,2.18) g | Y(04)=1.66 (1.24,2.23) 1o | y(04)=3.72 (2.95,4.68) 1 | y(03)=2.56 (1.07,6.14) 1 | Y(04)=3.30 (2.54,4.29) 4 | ¥(04)=2.26 (1.55,3.28)
r2=.17, NS | r25.54, p<.059 | r2=.42, p<.059 | r2=.03, NS | r2=.01, NS | r2=.31, NS
L s 8t 8| o s 8t
L L L L [ ] L .o L
- 6 6 6 ) . 6
L L L L L : . L ® . o
SR ) T I SN
L. o i I I | LT e le] . i + + +
—;4 s$' 2F 2F 2F ? | oo 2"T' ) + 2‘+ ® . %'
e ¢4 L . i L I I =
f O 7717717 T OTT7TrTTTIoTT O—7TTrrorrrorT OTTTrT T roTT O T T T I TTT
éGI ! QI)QI ! (I)ZI ! 96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
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Cobalt Co

Temporal variation
A significant negative trend of cobalt concentrations was detected in kidney tissue from Kronoberg county
(G) (annual decrease 5.5%, p<0.087).

No significant change in cobalt concentrations was found in liver and kidney tissue for the period 1980-2004,
but for the period 1995-2004 (-4.2% per year, p<0.008) in liver tissue from the Grimso area. The number of
years required to detect an annual change of 5% was 11 years for liver tissue and 9 years for kidney tissue in
samples from Grimsd where 25 years of analyses are available. These time series are likely to detect an
annual change of about 5 and 4% in liver and kidney respectively, provided that the power is fixed to 80%
and the significance level is set to 5%. For the shorter time series where only seven to nine years yet are
available, the number of years required detecting an annual change of 5% varied between 10 and 16 years for
liver tissue and between 11 and 19 years for kidney tissue. Time series of ten years are likely to detect an
annual change of between 5 and 14%.

The overall geometric mean value of cobalt in liver and kidney of moose from Grimso was 0.075
and 0.035 pg/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
The cobalt concentrations in liver tissue were generally significantly higher, on average 2 to 2.5 times,
compared to the concentrations found in kidney tissue.

Cobalt, ug/g fresh w., moose from Grimso

Liver Kidney

18 | n(tot)=259,n(yrs)=25 18 | n(tot)=259,n(yrs)=25

-1 m=.075 (.070,.079) ~°1 m=.035 (.033,.036)
slope=.24%(-.61,1.1) 'slope=.01%(-.58,.61)

16 -SD(Ir)=.15,1.2%,11 yr- .16 =SD(Ir)=.10,.90%,9 yr
—power=1.0/.76/5.3% —power=1.0/.97/3.7%

14 y(04)=.077 (.068,.087) ' 14 y(04)=.035 (.032,.038)
| r2=.01, NS o o | r2=.00, NS

12 | tao=.05, NS s 12 | tao=.05, NS

slope=-4.2%(-7.0,-1.4): /., =+ . "~ | slope=-1.9%(-4.8,1.0)
7SD(Ir)=.11,3.9%,9 yr - . : ~SD(Ir)=.11,4.1%,9 yr
10 Fpower=.95/.95/3. 10 power=.93/.93/4.1%

08 sz= ;1?,?5.?? 3 08 127228
W R
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.00 .00

0 -
o 4
0 -
N
0
g
0 -
o
0
o
© -
o 4
© -
N
© -
g
(D_
o
© -
o
o -
o 4
o
N
o
=
0 -
o 4

Contaminant Research Group /NRM, Dep.Env.Assess./SLU 06.05.22 12:17, GCO06

16



Cobalt, ug/g fresh w., moose liver (above) / kidney (below)

BD

y(04

n(tot)=67,n(yrs)=9
- m=.093 (.078,.111)

slope=-2.9%(-9.8,4.0)
A4 SD(If)=.23,10%,14 yr -4
| power=.29/.40/8.2%
=.083 (.060,.115)
r2=.12, NS

Z

3F

2r

n(tot)=49,n(yrs)=7
- m=.080 (.065,.097)
slope=-2.9%(-13,6.9)
" SD(Ir)=.23,16%,14 yr 4
| power=.15/.40/8.2%

y(04)=.073 (.050,.106)

r2=.11, NS

3

2

U

n(tot)=64,n(yrs)=9

- m=.109 (.099,.120)
slope=-.45%(-4.7,3.7)

" SD(Ir)=.14,6.0%,10 yr -4

| power=.66/.81/5.0%
y(04)=.107 (.088,.131)

L r2=.01, NS 3

P

n(tot)=32,n(yrs)=7
- m=.111 (.085,.146) r

slope=-5.1%(-17,6.8)
" SD(Ir)=.29,21%,16 yr 4|
| power=.11/.26/11%

y(03)=.094 (.058,.152)
L r2=.20, NS 3l

':+f+f

e

F

n(tot)=61,n(yrs)=9
m=.101 (.087,.116)
slope=-2.7%(-8.2,2.8)

G

n(tot)=68,n(yrs)=9

- m=.126 (.112,.143)

slope=-1.6%(-6.7,3.6)

SD(Ir)=.18,7.9%,12 yr “4[ SD(I)=.17,7.4%,12 yr

power=.43/.58/6.5%
y(04)=.090 (.070,.118)

| power=.48/.63/6.1%

y(04)=.119 (.093,.152)

r2=.16, NS 3l 12=.07,NS

2F

" e . . ; . : ‘e .
X .o .. @ N : NN P
i i LD e i e s [t
A ¢‘$¢+§+ A + +¢+#++ A **‘ ¢ 1. + ® A + **Q A F +
SO 5 0 s A 0 s 0 s e e e s e S Cy s B i B Y B
9% 99 = 02 9% 99 = 02 % 9 02 9% 99 02 9% 99 = 02 % 99 = 02
BD Z U P F G
n(tot)=66,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
m=.047 (.036,.061) m=.037 (.028,.048) m=.050 (.044,.057) m=.045 (.038,.054) m=.041 (.036,.046) m=.054 (.044,.065)
20 | slope=-1.9%(-13,9.4) 5, L slope=1.0%(-13,15) L slope=1.8%(-3.5,7.1) 5o | slope=-4.6%(-11,2.3) 5o | slope=-1.7%(-6.3,2.8), | slope=-5.5%(-12,1.1)
7| 8D(In=.37,17%,19 yr*" [ SD(Ir)=.32,24%,17 yr" [ SD(Ir)=.17,7.6%,12 yi"~ | SD(I)=.17,12%,12 yr*" | SD(Ir)=.15,6.4%,11 y¥ ~ | SD(Ir)=.22,9.5%,14 yr
power=.14/.17/14% power=.10/.22/12% power=.46/.61/6.3% power=.23/.64/6.1% power=.59/.75/5.3% power=.32/.43/7.9%
y(04)=.043 (.025,.074) | y(04)=.038 (.022,.065) | y(04)=.054 (.042,.070) | y(03)=.039 (.029,.051) | y(04)=.038 (.031,.047) | y(04)=.043 (.031,.059)
A5 F r2=.02, NS A5 F r2=.01, NS 15 F r2=.09, NS A5 F r2=.37, NS A5 r2=.11, NS A5 r2=.36, p<.087
10 F o 10r A0 F A0F . A0 F . A0Le "
' e ' : T, fe [ . ] '
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051 " | @ *++ 05 L + .05—+‘¢!$*+ ¢ .05—+% =+‘ .05-#+.¢.#. P 05F
AP Pkl L S ¢ ey - % F . Tee L
A% I Ly e e Ly R .00 .00

96

99

02

96

99

02

Contaminant Research Group /NRM, Dep.Env.Assess./SLU 06.04.25 16:27, CO06

96 99 02

17

[T T T T T TT T
96 99 02

T T T T T T T T
96 99 02

T T 1T T T T T
96 99 02



Chromium Cr

Chromium is an element extremely sensitive for contamination that may interfere with natural levels in the
samples.

Temporal variation

In the time series from Grimsd, the concentration in about 9% of the samples of both liver and kidney fall
below the limit of detection. This affects the power of the analysis, but information is still sufficient to justify
continued analysis.

No significant change in chromium concentrations was found in liver and kidney tissue, neither for the
period 1980-2004 nor for the period 1995-2004 in the Grimso area. However, a decreasing trend was
detected for chromium in kidney of moose from Jimtland county (Z) (annual decrease 31%, p<0.050).

The number of years required to detect an annual change of 5% was 23 and 24 years for liver and kidney
tissue, respectively from Grimso where 25 years of analyses are available. These time series are likely to
detect an annual change of 20 and 22% for liver and kidney tissues, respectively, provided that the power is
fixed to 80% and the significance level is set to 5%. For the shorter time series where only seven to nine
years yet are available, the number of years required detecting an annual change of 5% varied between 18
and 26 years for liver tissue and between 16 and 24 years for kidney tissue. Time series of ten years are
likely to detect an annual change between 11 and 25 %.

The overall geometric mean value of chromium in liver and kidney of moose from Grimso was
0.013 and 0.011 pg/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
No significant differences in concentrations between liver and kidney were shown.

Chromium, ug/g fresh w., moose from Grimso

Liver Kidney
n(tot)=259,n(yrs)=25 : n(tot)=259,n(yrs)=25
09 -m=.013 (.011,.016) ) 09 |-M=.011 (.009,.014)
7| slope=-.20%(-3.5,3.1) 7| slope=-2.2%(-5.5,1.1)
| SD(Ir)=.53,4.7%,23 yr | SD(Ir)=.57,4.7%,24 yr
08 hower=.86/.11/20% 08 "hower=.85/.10/22%
y(03)=.013 (.008,.020) y(04)=.009 (.005,.014)
07 7r2=.00, NS : 07 r2=.08, NS
tao=.06, NS tao=-.18, NS
.06 |-slope=5.7%(-10,21) .06 |-slope=.68%(-18,19)
SD(Ir)=.62,24%,26 yr SD(Ir)=.72,29%,28 yr
05 Hpower=.09/.09/24% 05 Hpower=.08/.08/29%
r2=.08, NS . r2=.00, NS
.04 — .04
03 - 03 j
.02—'1 H; 02F - #
et et P ﬁé
010t N B % .01 = HE
-OOIIIIIIII 00
80 82 84 86
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Chromium, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
- m=.014 (.011,.019) - m=.015 (.008,.027) - m=.017 (.012,.024) + m=.014 (.010,.021) - m=.018 (.013,.026) - m=.022 (.013,.035)
slope=2.3%(-12,16) slope=-15%(-42,12) slope=5.7%(- 13 ,24) slope=6.8%(-10,24) slope=4.4%(-11,20) slope=-6.4%(-29,16)
- SD(Ir)=.35,26%,18 yr -08 I SD(Ir)=|63,51%,26 yr -08 | SD(Ir)=.38,29%,19 yr -08 [ SD(Ir)=.41,31%,20 yr -08 [ SD(Ir)=.41,24%,20 yr -08 | SD(Ir)=.59,36%,25 yr
| power=. 09/.20/13% power=.06/.09/25% | power=. 08/.17/14% | power=. 08/.15/16% | power=.10/.15/16% | power=.07/.10/23%
y(04)=.016 (.008,.031) y(04)=.009 (.003,.026) y(04)=.022 (.009,.050) y(03)=.018 (.009,.035) y(04)= 022(010 .049) y(04)=.016 (.005,.051)
| r2=.03, NS 06 } 12=.29,|NS 06 F 2=.11,NS 06 k r2=.17,NS .06 | r2=.07,NS 06 | @=08,NS
04 | ° 04 04 | . 04 + . 04 + +
@ .
L .. L ® - L L
02+ ) +.. 02} i . L . 02+ l 02 | #. L
AT B N L TSar' RIPAL:
L @ * _?* ? - ® : L ‘” .
00 =711 71171 -0 -00|°||||||||-00°|||||||-00|||||||||
96 99 02 96 99 02 99 02 96 99 02
Z P F G
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n(tot)=66,n(yrs.)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
- m=.014 (.009,.023) - m=.012 (.006,.026) + m=.011 (.006,.019) - m=.012 (.008,.020) + m=.014 (.009,.022) - m=.013 (.010,.018)
slope=4.9%(-19,29) slope=-31%(-63,-.17) slope=18%(-2.3,39) slope=.20%(-25,26) slope=15%(-1.3,32) slope=10%(-.71,21)
- SD(Ir)=.54,43%,24 yr -08 - SD(Ir)=.47,52%,22 yr -08 I SD(Ir)=.54,32%,24 yr -08 - SD(Ir)=.51,58%,23 yr -08 | SD(Ir)=.44,26%,21 yr -08 [ SD(Ir)=.29,16%,16 yr
| power=.07/.11/21% | power=.06/.13/18% | power=.08/.11/21% | power=.06/.11/20% | power=. 09/.14/117% | power=.15/.26/11%
y(04)=.017 (.006,.052) y(04)=.006 (.002,.014) y(04)=.024 (.009,.069) y(03)=.012 (.005,.032) [ y(04)=.027 (.012,.063) y(04)=.020 (.012,.035)
| r2=.05, NS 06 | r2=.66, p<.050 * 06 | r2=.44, p<.071 06 F r2=.00, NS 06 F r2=.46, p<.064 06 | r2=.47, p<.061
. 04 | 04 | Cop 04 | : 04 | - - 04 |
- 02 ol + 02 % . 02} ' é # . 02} $ A#
_ _ [ il T e !
+u’ ] ® . : o . '
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Copper Cu

Temporal variation

A significant log-linear increase was detected for copper concentrations in liver of moose from Jonkoping
county (F) (annual increase 5.3%, p<0.066) as well as a decrease in kidney of moose from Norrbotten county
(BD) and Kronoberg county (G) (annual decrease 1.1%, p<0.054 and 3.2%, p<0.091, respectively).

No significant change in copper concentrations was found in liver and kidney tissue, neither for the period
1980-2004 nor for the period 1995-2004 in the Grimso area. The number of years required to detect an
annual change of 5% was 14 years for liver tissue and 9 years for kidney tissue in samples from Grimso
where 25 years of analyses are available. These time series are likely to detect an annual change of about 9
and 4 %, respectively for liver and kidney tissue, provided that the power is fixed to 80% and the
significance level is set to 5%. For the shorter time series where only seven to nine years yet are available,
the number of years required detecting an annual change of 5% varied between 12 and 31 years for liver
tissue and between 5 and 10 years for kidney tissue. Time series of ten years are likely to detect an annual
change of between 7 and 33 % in liver and 1 and 5% in kidney.

The overall geometric mean value of copper in liver and kidney of moose from Grimso was 26.8
and 3.02 pg/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
The copper concentration in liver is significantly higher compared to kidney, between 3 — 9 times.

Copper, ug/g fresh w., moose from Grimso

Liver Kidney
200 [N(tot)=259,n(yrs)=25 28 [-n(tot)=259,n(yrs)=25
| m=26.8 (24.2,29.7) -m=3.02 (2.89,3.15)
180 |-5I0Pe=1.2%(-.19,2.5) 26 slope=.48%(-.08,1.0)
7SD(Ir)=.23,1.9%,14 yr 241-SD(Ir)=.10,.80%,9 yr
power=1.0/.37/8.6% —power=1.0/.98/3.5%
160 y(04)=30.8 (25.5,37.2) 22/(04)=3.20 (2.96,3.46)
r2=.12, p<.085 20 r2=.12, p<.084
140 Ra0=.24, p<.093 —tao=.22, NS
~slope=4.1%(-3.7,12) 18 "slope=-.70%(-2.5,1.1)
120 FSD(Ir)=.31,11%,17 yr 16-SD(Ir)=.07,2.6%,7 yr
power=.24/.24/11% —power=1.0/1.0/2.6%
100 [r2=.16, NS : 14172=.09, NS
B : : 121
80 . —
L e . 10+
o . . ‘ . . : % . 8:
R I A T R . s b ‘ B
40—%%; T + + % 6 '
RERSESREERERENEL NN S 2 ‘0
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Copper, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
| m=17.8 (12.8,24.8) | m=36.2 (22.5,58.4) | m=30.7 (22.0,42.8) | m=25.5(17.4,37.4) | m=18.3(15.4,21.9) | m=13.2(7.22,24.2)
slope=-6.2%(-19,6.6) slope=-1.4%(-26,23) slope=-5.9%(-19,7.2) slope=-.19%(-19,18) slope=5.3%(-.49,11) slope=-6.4%(-31,19)
SD(Ir)=.42,19%,20 yr SD(Ir)=.56,45%,24 yr SD(Ir)=.43,20%,20 yr SD(Ir)=.45,35%,21 yr SD(Ir)=.19,8.3%,12 yr SD(Ir)=.82,41%,31 yr
- power=.12/.15/16% 150 [- power=.07/.10/22% 150 [ power=.11/.14/16% 150 [ power=.07/.13/17% 150 I power=.40/.53/6.9% 150 [ power=.07/.07/33%
y(04)=13.9 ( 7.5,25.6) y(04)=34.7 (13.4,89.5) y(04)=24.2 (13.0,45.1) y(03)=25.4 (12.0,53.8) y(04)=22.7 (17.2,29.8) y(04)=10.2 ( 3.1,33.7)
- r2=.16, NS - r25.00, NS ° - r2=.14, NS - r2=.00, NS - r2=.40, p<.066 - r2=.05, NS
3 100 : 100 . 100 100 100
i .ot ’ . ° )
- 50 | ‘ llll 5o—+ L ‘4 50 | : . 50F 50 - .
I JIUD I SRR R A I 4,?' I YRS
PPt Thege di b, . 4 odets
LI I e s e e e e e e e ey e e Uy e e e e s e o i
96 99 02 96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
(3.7 L m=3.86 (3.52,4.22) L m=3.64 (3.51,3.76) L m=3.46 (3.20,3.73) L m=3.44 (3.22,3.67) L m=3.70 (3.30,4.14)
% slope=-2.0%(-6.1,2.0) slope=-.16%(-1.6,1.3) slope=.78%(-2.8,4.3) slope=1.0%(-1.6,3.6) slope=-3.2%(-7.0,.69)

- SD(Ir)=.09,6.4%,8 yr
power=.61/.99/3.3%
" y(04)=3.62 (3.10,4.23)

- SD(Ir)=.05,2.1%,6 yr
power=1.0/1.0/1.7%
" y(04)=3.61 (3.37,3.87)

- SD(Ir)=.09,5.9%,8 yr
power=.67/1.0/3.1%
" y(03)=3.55 (3.07,4.10)

8

- SD(Ir)=.09,3.7%,8 yr
power=.97/1.0/3.1%
" y(04)y=3.58 (3.16,4.06)

8

- SD(Ir)=.13,5.5%,10 yr
power=.73/.88/4.5%
" y(04)=3.26 (2.71,3.92

ok 12=.25,Ns ol 12=.01,NS ok 12=.06, NS ok 12=.10,NS 6L 12=.35, p<.091
4k % +: L X I 4—°.;‘ o af ¢ . 4t ¢ ab
: §* ? + ® 1ot : @
I $* + _??=§- dte N A AL thye
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Iron Fe

Temporal variation

A significant log-linear decreasing trend was detected for iron in kidney from Grimso both for the period
1980-2004(-0.81% a year, p<0.012) and the period 1995-2004 (-2.5% a year, p<0.038). A significant
decrease was also shown for iron concentrations in liver tissue during the period 1995-2004 (-3.8% a year,
p<0.006). Significant log-linear decreases were detected for iron concentrations I liver of moose from
Vistmanland county (U), Jonkdping county (F) and Kronoberg county (G) (4.1% a year, p<0.069, 6.4%,
p<0.046 and 3.9%, p<0.012, respectively).

The number of years required to detect an annual change of 5% was 12 years for liver tissue and 9 years for
kidney tissue in samples from Grimso where 25 years of analyses are available. These time series are likely
to detect an annual change of about 7 and 4% respectively for liver and kidney tissue, provided that the
power is fixed to 80% and the significance level is set to 5%. For the shorter time series where only seven to
nine years yet are available, the number of years required detecting an annual change of 5% varied between 8
and 13 years for liver tissue and between 8 and 17 years for kidney tissue. Time series of ten years are likely
to detect an annual change of between 3 and 8 % in liver and 3 and 12 % in kidney.

The overall geometric mean value of iron in liver and kidney of moose from Grimso was 87.3 and
42.3 ng/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
The iron concentration in liver is significantly higher compared to kidney, between 2 and 3 times.

Iron, ug/g fresh w., moose from Grimso

Liver Kidney
240 |-N(tot)=259,n(yrs)=25 240 |-N(tot)=259,n(yrs)=25
- m=87.3 (80.8,94.2) 1 m=42.3 (40.3,44.5)
220 r-slope=-.40%(-1.5,.68) 220 r-slope=-.81%(-1.4,-.20)
~SD(Ir)=.19,1.6%,12 yr ~SD(Ir)=.11,.90%,9 yr
200 power=1.0/.54/6.8% 200 power=1.0/.96/3.8%
180 [ y(04)=83.2 (71.6,96.7) 180 [ y(04)=38.4 (35.3,41.9)
| r2=.02, NS T | r2=.24, p<.012 *
160 | tao=-.18, NS T 160 | tao=-.33, p<.020 *
-slope=-3.8%(-6.2,41.5) : -slope=-2.5%(-4.8,-.15)

140 -SD(Ir)=.09,3.3%,8 yr . .~ 140 |-SD(Ir)=.09,3.3%,8 yr
—power=.99/.99/334 ... . —power=.99/.99/3.3%
120 12764, F-OO(?; . 120 [12=.43, p<.038 *

RS .
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Iron, ug/g fresh w., moose liver (above) / kidney (below)

BD

n(tot)=67,n(yrs)=9
- m=84.1(72.7,97.2)

Z

n(tot)=49,n(yrs)=7
r m=73.2 (67.8,79.0)

U

n(tot)=64,n(yrs)=9
- m=87.1(75.8,100 )

P

n(tot)=32,n(yrs)=7
- m=82.3 (67.9,100 )

F

n(tot)=61,n(yrs)=9
r m=90.4 (74.0,110)

G

n(tot)=68,n(yrs)=9
m=87.0 (78.4,96.4)

250 | slope=-2.6%(-8.3,3.1)5q L slope=.07%(-3.8,4.0) 55 | slope=-4.1%(-8.7,.45),5, | slope=-2.8%(-12,5.9)55q | slope=-6.4%(-13,-.09p5q L slope=-3.9%(-6.6,-1.1)
SD(Ir)=.19,8.2%,12 yr SD(Ir)=.09,6.1%,8 yr SD(Ir)=.15,6.5%,11 yr SD(Ir)=.21,15%,13 yr SD(Ir)=.21,9.0%,13 yr SD(Ir)=.09,3.8%,8 yr
I power=.41/.54/6.8% " power=.64/.99/3.2% - power=.58/.74/5.4% - power=.16/.44/7.8% - power=.35/.47/7.5%  power=.96/.99/3.2%
200 | Y¥(04)=75.8 (57.7,99.6)q0 | y(04)=73.3 (63.1,85.3)q0 | Y(04)=73.8 (59.3,91.9¢0 | y(03)= 75( 53, 10%)po | y(04)=70.1 (52.0,94.4)q0 | y(04)=74.5 (65.5,84.8)
| 12=.14,NS | r2=.00, NS | r2=.39, p<.069 | r2=.12,NS | ;2=.45, p<.046 * | r2=.62, p<.012*
150 [ . 150 150 150 :
100—**', *++ 100 [ i .;.#.100— - @ e 'OF
SRATR NI LRI, RN
50 | I - - ..t B0 F . 50
0 I e I I L e e A e s ey i e i st U e s i I B
96 99 02 96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
100 F m=37.8 (33.1,43.2) 100 | m=39.7|(34.2,46.0) 100 | m=44.6 (41.9,47.5) 100  m=37.6 (30.0,47.2) 100 | m=31.6 (24.0,41.5) 100 | m=39.7 (33.4,47.3)
| slope=-2.4%(-7.6,2.8) slope=-188%(-8.4,6.7) slope=.19%(-2.5,2.9) slope=.99%(-9.9,12) slope=-7.2%(-17,2.5) slope=-4.2%(-11,2.1)
SD(Ir)=.17,7.4%,12 yr SD(IN={17,12%,12 yr SD(Ir)=.09,3.8%,8 yr SD(Ir)=.27,19%,15 yr SD(Ir)=.32,14%,17 yr SD(Ir)=.21,9.1%,13 yr
80 + power=.47/.63/6.2% power={22/.61/6.3% power=.96/1.0/3.1% power=.12/.30/9.7% power=.17/.23/12% power=.34/.46/7.5%
(04)=34.3 (26:8,44.0)75  y(04)=38.6 (28.8,51.6)75 [ y(04)=45.0 (39.6,51.1)75 - y(03)=38.9 (25.0,60.4)75 | y(04)=23.7 (15.0,37.5)75 [ y(04)=33.6 (24.8,45.3)
m 12=.15, NS r2=.02, NS r2=.00, NS A r2=.01, NS r2=.31, NS ®=26, NS
60 | | . N R R R i : :
. R " ® . . g .- . e : .
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Magnesium Mg

Temporal variation

A significant positive time trend was detected for magnesium concentrations in liver from Grimso (annual
increase 0.41 %, p<0.019) for the whole period 1980-2004. Significant negative trends were detected for
magnesium concentrations in liver tissue from Véstmanland county (U) (annual decrease 2.1%, p<0.003) as
well as in kidney from Kronoberg county (G) (annual decrease 2.3 %, p<0.026).

The number of years required to detect an annual change of 5% was 7 years for both liver and kidney tissue
in samples from Grimsd where 25 years of analyses are available. These time series are likely to detect an
annual change of about 2% in both liver and kidney tissue, provided that the power is fixed to 80% and the
significance level is set to 5%. For the shorter time series where only seven to nine years yet are available,
the number of years required detecting an annual change of 5% varied between 5 and 9 years for liver tissue
and between 6 and 7 years for kidney tissue. Time series of ten years are likely to detect an annual change
approximately between 1 and 4 % in liver and about 2 % in kidney.

The overall geometric mean value of magnesium in liver and kidney of moose from Grimso was
141 and 154 ng/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
No significant differences in concentrations between liver and kidney were shown.

Magnesium, ug/g fresh w., moose from Grimso

Liver Kidney

[ n(tot)=259,n(yrs)=25 [ n(tot)=259,n(yrs)=25
400 Fm=141 (137 ,145) 400 "m=154 (150,158)

—slope=.41%(.07,.76) —slope=.04%(-.32,.40)

350 -SD(Ir)=.06,.50%,7 yr 350 -SD(Ir)=.06,.60%,7 yr

| power=1.0/1.0/2.2% | power=1.0/1.0/2.3%

y(04)= 148 ( 141, 156) y(04)= 155 ( 147, 163)
300 (r2=.21, p<.019 * 300 r2=.00, NS

1 ta0=.33, p<.022 * 1 tao=.07, NS
250 |_slope=-.01%(-1.5,1.5) 250 |_Slope=.42%(-.80,1.6)

SD(Ir)=.06,2.2%,7 yr SD(Ir)=.05,1.7%,6 yr

"power=1.0/1.0/2.2% "power=1.0/1.0/1.7%

200 (2=.00, NS . 200 (12=.07, NS .

_z'. . .. _{z-%¢ f.:f.i:.:.z.’
150 1§ & 150 —q;;é*é%* ; ‘ﬁfigﬁ‘i
100 100F o
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Magnesium, ug/g fresh w., moose liver (above) / kidney (below)

n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
m=159 (148 ,171) m=167 (157 ,178) m=157 (149,166 ) m=159 (145 ,176) m=165 (159 ,171) m=162 (149 ,176)
300 | slope=-1.8%(-4.5,.86) 300 | slope=-2.0%(-4.1,.16) 300 } slope=-2.1%(-3.2,-1.0) 300 } slope=-2.4%(-6.2,1.5) 300 } slope=.16%(-1.5,1.8) 300 | slope=.22%(-3.3,3.7)
SD(Ir)=.09,3.8%,8 yr SD(Ir)=.05,3.3%,6 yr SD(Ir)=.04,1.6%,5 yr SD(Ir)=.09,6.5%,9 yr SD(Ir)=.05,2.3%,6 yr SD(Ir)=.11,4.9%,9 yr
power=.96/.99/3.2% power=.99/1.0/1.8% power=1.0/1.0/1.3% power=.59/.99/3.4% power=1.0/1.0/1.9% power=.82/.94/4.1%
L y(04)= 148 ( 130, 168) [ y(04)= 157 ( 145, 171) | y(04)= 145( 137, 152) | y(03)= 147 ( 126, 173) [ y(04)= 166 ( 154, 179) | y(04)= 164 ( 139, 193)
r2=.27, NS r2=.53, p<.063 r2=.75, p<.003 * r2=.33, NS r2=.01, NS r2=.OQ, NS
200 i 200 ¥ 200 200 | . 200 200 v
I i NI LT
* FEI ¢ Yiwog ¢ .. ® -Ht A K BURE:
-] .*.ﬁ A ente : @ : K] +. i .o..tgH*f
* | . - 0@ o
4 - . . f - . . .
100 | 100 * 100 | 100 : 100 + 100 |
O T 7171771 TT O 7T7TTIT7TITT O 7TT7TTr T T 1T O TTTrTTrTT O7T71TTI T TITT O—TTT I T T
BQGD 99 02 ZQG 99 02 66 99 02 F;JG 99 02 F96 99 96 99 02
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=67,n(yrs)=9
m=162 (154 ,170) m=162 (154 ,171) m=154 (148 ,161) m=153 (146,159 ) m=158 (153,164 ) m=162 (152 ,173)
300 L slope=-1.4%(-3.1,.41) 30 L slope=-1.3%(-3.6,1.1) 3qq | Slope=-.74%(-2.3,.87) 3qq | slope=-.81%(-2.6,.98) 30q |- Slope=-.57%(-2.0,.87) 300 | Slope=-2.3%(-4.2,-.35)
SD(Ir)=.06,2.5%,7 yr SD(Ir)=.05,3.7%,6 yr SD(Ir)=.05,2.3%,6 yr SD(Ir)=.04,3.0%,6 yr SD(Ir)=.05,2.0%,6 yr SD(Ir)=.06,2.7%,7 yr
power=1.0/1.0/2.1% power=.97/1.0/2.0% power=1.0/1.0/1.9% power=1.0/1.0/1.6% power=1.0/1.0/1.7% power=1.0/1.0/2.3%
L y(04)= 153 ( 141, 167) | y(04)= 156 ( 142, 171) | y(04)= 150 ( 139, 162) | y(03)= 149 ( 138, 160) [ y(04)= 155( 144, 165) [ y(04)= 148 ( 135, 162)
r2=.32, NS r2=.27, NS r2=.14, NS r2=.21, NS r2=.11, NS r2=.53, p<.026 *
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Manganese Mn

Temporal variation

A significant positive time trend was detected for manganese concentrations in liver from Grimsoé (annual
increase 0.74%, p<0.007) for the period 1980-2004. A significant decreasing trend was found for manganese
in liver of moose from Kronoberg county (G), (annual decrease 2.8 %, p<0.028).

The number of years required to detect an annual change of 5% was § years both for liver and kidney tissue
in samples from Grimso where 25 years of analyses are available. These time series are likely to detect an
annual change of about 3% in both liver and kidney tissue, provided that the power is fixed to 80% and the
significance level is set to 5%. For the shorter time series where only seven to nine years yet are available,
the number of years required detecting an annual change of 5% varied between 7 and 12 years for liver tissue
and between 9 and 15 years for kidney tissue. Time series of ten years are likely to detect an annual change
of between 3 % and 7 % in liver and between 3% and 9 % in kidney.

The overall geometric mean value of manganese in liver and kidney of moose from Grimsé was 3.64 and
4.53 pg/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
There are differences between the analysed tissues but they are small and not consistent between the regions

Manganese, ug/g fresh w., moose from Grimso

Liver Kidney
18 | n(tot)=259,n(yrs)=25 18 | n(tot)=259,n(yrs)=25
m=3.64 (3.49,3.80) m=4.53 (4.40,4.67)
slope=.74%(.22,1.3) slope=-.03%(-.45,.40)
16 ~SD(Ir)=.09,.80%,8 yr ) 16 ~SD(Ir)=.07,.60%,8 yr
power=1.0/.99/3.3% power=1.0/1.0/2.7%
141y(04)=3.98 (3.70,4.28) 141y(04)=4.52 (4.25,4.80)
r2=.27, p<.007 * r2=.00, NS
12 | tao=.36, p<.012 * 12 | tao=-.05, NS
slope=-.10%(-2.5,2.3) slope=-.49%(-1.9,.88)
SD(Ir)=.09,3.4%,8 yr SD(Ir)=.05,2.0%,6 yr
10 power=.99/.99/3.4% 10 power=1.0/1.0/2.0%
r2=.00, NS R r2=.08, NS :
8 ‘ 8
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Manganese,

ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=67,n(yrs)= n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
L m=4.85 (4.31,5.46) L m=4.71 (4.38,5.07) L m=3.86 (3.46,4.31) L m=4.08 (3.46,4.82) L m=4.10 (3.81,4.40) L m=4.22 (3.88,4.58)
slope=-2.7%(-7.1,1.8) slope=1.7%(-1.4,4.9) slope=-2.4%(-6.5,1.7) slope=-2.1%(-9.8,5.6) slope=.32%(-2.7,3.4) slope=-2.8%(-5.3,-.39)
= 8r SD(Ir)=.07,5.0%,7 yr 8 SD(Ir)=.14,5.9%,10 yr  8F SD(Ir)=.19,13%,12yr  8F SD(Ir)=.10,4.3%,9yr  8F SD(Ir)=.08,3:5%,8 yr
power=. 81/1 .0/2.6% power=.67/.83/4.9% power=.20/.54/6.8% power=.91/.98/3.6% power=.98/1.0/2.9%
" y(04)=4.98 (4.40,5.63) [ y(04)=3.51(2.88,4.27) [ y(03)=3.81(2.79,5.21) y(04)=4.15 (3.59,4.80) y(04)=3.76 (3.35,4.23)
6L r2= 28iNS et gk r2=21,NS gk r2=.09, NS gk r2=04,NS . gL 12=.52, p<.028 *
- J$$++ -#:’ L '4 F o i ‘i Cr i
i =T 9 . @ . : .- e L
at * ‘f 4—;+;--+‘ : ¥ $+ aEf # af
- e L lee [0 -
2F 2r 2F 2 2F
A U O s e s e e o e e s B s i 0 o
96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
Z U P F G
n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
L m=3.82 (3.46,4.21) L m=3.51 (3.25,3.80) L m=3.94 (3.17,4.91) L m=3.85 (3.49,4.25) L m=3.89 (3.62,4.17)
slope=-1.3%(-6.1,3.5) slope=-.39%(-3.7,2.9) slope=1.9%(-8.5,12) slope=-1.1%(-5.1,2.9) slope=-.89%(-3.8,2.0)
8F SD(Ir)=.11,7.6%,9yr 8 SD(Ir)=.11,4.7%,9yr 8 SD(Ir)=.25,18%,15yr  8F SD(Ir)=.13,5.7%,10 yr ~ 8F SD(Ir)=.09,4.1%,9 yr
| power=.47/.95/4.0% power=.86/.96/3.9% power=.13/.33/9.3% power=.70/.85/4.7% power=.93/.99/3.4%
y(04)=3.66 (3.04, 4 41) [ y(04)=3.46 (2.95,4.05) y(03)=4.20 (2.76,6.39) [ y(04)=3.69 (3.04,4.47) [ y(04)=3.75 (3.27,4.31)
gL r2=.09, NS gk r2=.01,NS 6L r25.04, NS P gk 12=.06, NS gk 12=.07, NS
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Molybdenum Mo

Temporal variation

A significant positive time trend was detected for molybdenum concentrations in both liver and kidney tissue
from Grimso during the period 1980-2004 (annual increase 2.6%, p<0.001, liver; 3.8%, p<0.001, kidney). A
significant positive trend was also shown for concentrations in kidney of moose from Grimsé during the
period 1995-2004 (annual increase 4.8%, p<0.039).

The number of years required to detect an annual change of 5% was 11 years for liver tissue and 12 years for
kidney tissue of moose from Grimsd where 25 years of analyses are available. These time series are likely to
detect an annual change of about 6% in both liver and kidney tissue, provided that the power is fixed to 80%
and the significance level is set to 5%. For the shorter time series where only seven to nine years are yet
available the number of years required detecting an annual change of 5% varied between 8 to 19 years for
liver tissue and between 10 and 18 years for kidney tissue. These time series are likely to detect an annual
change of between approximately 3 and 15 % in liver and 5 and 13 % in kidney.

The overall geometric mean value of molybdenum in liver and kidney of moose from Grims6 was 0.733 and
0.254 pg/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
The molybdenum concentration in liver is significantly higher compared to kidney, between 2 and 3
times.

Molybdenum, ug/g fresh w., moose from Grimso

Liver Kidney
18 | n(tot)=259,n(yrs)=25 18 | n(tot)=259,n(yrs)=25
©1'm=.733 (.663,.810) ©1'm=.254 (.222,.291)
"slope=2.6%(1.7,3.5) "slope=3.8%(2.8,4.8)
1.6 ~SD(Ir)=.16,1.3%,11 yr 1.6 =SD(Ir)=.17,1.4%,12 yr
—power=1.0/.71/5.6% . —power=1.0/.62/6.2%

1.4 y(04)=1.00 ( .88,1.13)
| r2=.60, p<.001 *
| tao=.58, p<.001 * ,
slope=3.3%(-.44,7.0)
SD(Ir)=.15,5.3%,11yr - . .e
1.0 "power=[76/.76/53% - : : |
12=.34; <Oﬁ :

1.4 1y(04)=.400 (.348,.459)
| 12=73, p<.001 *

. : 12 | tao=.63, p<.001 *

t + 2 slope=4.8%(.27,9.3)

1.2

'SD(Ir)=.18,6.5%,12 yr
1.0 "power=.59/.59/6.5%

12=.43, p<.039 *
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Molybdenum, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=67,n(yrs)=9
L m=.946 (.709,1.26) L m=.834 (.709,.981) L m=.959 (.873,1.05) L m=.977 (.839,1.14) L m=1.02 (.918,1.14) L m=1.04 (.969,1.12)
slope=3.0%(-9.0,15) slope=2.5%(-5.3,10) slope=-.43%(-4.4,3.6) slope=4.0%(-1.9,9.8) slope=2.6%(-1.4,6.7) slope=-1.3%(-4.1,1.4)
4+ SD(I)=.39,18%,19 yr  4F SD(Ir)=.18,13%,12 yr 4| SD(Ir)=.13,5.7%,10 yr 4 SD(Ir)=.14,9.9%,11 yr 4F SD(Ir)=.13,5.7%,10 yr 41 SD(Ir)=.09,3.9%,8 yr
power=.13/.16/15% power=.21/.58/6.5% power=.70/.85/4.7% power=.31/.79/5.1% power=.70/.85/4.7% power=.95/.99/3.3%
" y(04)=1.07 (.60,1.88) [ y(04)=.90 (.67,1.22) " y(04)= .94 (.78,1.14) " y(03)=1.11(.88,1.41) [ y(04)=1.14 (.94,1.38) | y(04)=.99 ( .86,1.13)
3k r2=.05,NS 3k 12=.12,NS 3k 12=.01,NS 3} r2=.38,NS 3l r2=.26,NS 3k r2=.15,NS
2r 2 2 2r 2F 2r
_¢+ ‘+ I l. I ¢ + _, . & ) _= Qﬁ. I i*i¢ s
1# * 1F PR X + 1" + s 1§tV &Pl 11049 gt @ ;&
2RI L sedee) edliteten vl tee egNeattT gsdttensy
S e e e e e e e e I e s e e e O O O B O
96 99 02 96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
BD Z U P
n(tot)=62,n(yrs)=8 n(tot)=48,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
- m=.40D7 (.369,.450) - m=.269 (.202,.358) - m=.325 (.285,.370) - m=.343 (.267,.440) - m=.330 (.285,.384) - m=.394 (.343,.453)
slope=-.04%(-4.1,4.0) slope=.49%(-14,15) slope=3.6%(-.81,8.1) slope=7.1%(-1.8,16) slope=3.5%(-2.0,9.0) slope=-2.9%(-8.2,2.4)
- SD(I)=.13,6.9%,10 yr -8 SD(Ir)=.34,25%,18 yr -8 SD(Ir)=.15,6.3%,11 yr -8 SD(Ir)=.22,16%,14 yr -8 SD(Ir)=.18,7.9%,12 yr -8 SD(Ir)=.17,7.6%,12 yr
power=.54/.87/4.6% power=.09/.20/13% | power=.60/.76/5.3% | power=.16/.43/7.9% | power=.43/.58/6.5% | power=.46/.61/6.3%
406 (.334,.495) [ y(04)=.273 (.154,.483) y(04)=.376 (.304,.464) y(03)=.434 (.302,.622) y(04)=.380 (.293,.494) y(04)=.351 (.273,.452)
O0,NS - | . - gL r2=00,NS . 6 r2=.35, p<.092 6 r2=.46, p<.094 6F r2=25NS ) 6F r2=19,NS
+ + . R - o L .o o A +: [ ] B . . LT B . LR ..i :
..+. 4 _4_°.+: .: _4'." i: ® _4—‘: E*:“*:ﬁ. 4t +:+ :..*: \:é
. - . L e T e LD . L + I Lk sl
. R S * . . ® b - .
;.2—+ 2FE Lk 2F & B 2v 0 2F ol
R T O L A L L L A L e e e L s e e s s ey O O I O B
96 99 02 96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
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Nickel Ni

The nickel concentrations measured, in liver and kidney tissue of moose, are close to the limit of detection.
Hence, the analytical precision plays a larger role for the unexplained between-year variation in nickel
compared to most of the other investigated trace metals.

Temporal variation

In the analysis of nickel in liver samples from Grimso, 26 % of the samples fell below the limit of detection.
For kidney the number was 17 %. This, of course, makes it very hard to detect any time trends.
Approximately the same situation can be seen in the shorter time series.

The number of years required detecting an annual change of 5% were 30 years for liver and 38 years for
kidney tissue in samples from Grimsoé where 25 years of analyses are available. The time series are likely to
detect an annual change of about 31% and 49% respectively in liver and kidney tissue, provided that the
power is fixed to 80% and the significance level is set to 5%. For the shorter time series where only seven to
nine years yet are available, too many values are below the LOD to make statistics in liver tissue meaningful.
The number of years required detecting an annual change of 5% varied between 12 and 17 years for
kidney tissue. Time series of ten years are likely to detect an annual change of between 6 and 12 %
in kidney.

The overall geometric mean value of nickel in liver and kidney of moose from Grimso was 0.009
and 0.017 pg/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
The nickel concentration in kidney is significantly higher compared to liver for most of the time series, 1 to 3
times.

Nickel, ug/g fresh w., moose from Grimso

.09

Liver

n(tot)=259,n(yrs)=25
| m=.009 (.006,.013)

slope=4.2%(-1.8,10)

SD(Ir)=.78,9.3%,30 yr

.09

Kidney

n(tot)=259,n(yrs)=25
| m=.017 (.010,.027)

slope=-3.4%(-10,3.2)

SD(Ir)=1.1,10%,38 yr

08 "power=.32/.08/31% 08 power=.27/.06/49%
y(02)=.015 (.007,.034) y(04)=.011 (.004,.028)
07 72=.11, NS 07 72=.05, NS

.06

tao=.03, NS
~slope=6.9%(-12,26)
SD(Ir)=.56,45%,24 yr

.06

tao=-.02, NS
~slope=-3.4%(-57,50)
SD(Ir)=2.0,>99%,54 yr

05 -power=.07/.10/22% 05 -power=.05/.05/98% f
r2=.15, NS r2=.00, NS . o
04 04F - L -
03+ _03_+ " . + . ’
'02_§~ - o 02F Q‘ | %; el ‘: %{»
01k b $6: o * ‘ ’\f*ﬁ % ol T T
TN ’* .:‘Z:*I ..f e E + > . .
-00?II||||||:||||||‘|||||‘||||| -00||||||||||||||||||||’¢||||
80 82 84 86 88 90 92 94 96 98 00 02 04 80 82 84 86 88 90 92 94 96 98 00 02 04
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.08

.06

.04

.02

.00

.10

.05

.00

Nickel, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9

- m=.019 (.010,.037) - m=.013 (.004,.040) - m=.014 (.005,.041) - m=.013 (.005,.036) - m=.014 (.009,.022) - m=.020 (.010,.039)
slope=-26%(-66,14) SD(Ir)=.47,>99%,22 yr | slope=14%(-83,112) slope=-24%(<-99,55) slope=-12%(-35,11) slope=-25%(-65,15)

- SD(Ir)=.40,71%,20 yr-08 .08 I SD(Ir)=.97,>99%,34 yP8 [ SD(Ir)=.58,>99%,25 yP8 [ SD(Ir)=.39,42%,19 yr-08 [ SD(Ir)=.40,70%,19 yr
power=.06/.16/15% | y(04)= 0 ( 0,14421) | power=.05/.07/40% | power=.06/.10/22% | power=.07/.16/15% | power=.06/.16/15%

| y(04)=.004 (.000,.048) | r2=.44, NS y(04)= .0 ( .0,13.5) y(03)=.004 (.000,.243) | y(04)=.007 (.002,.026) | y(04)=.004 (.000,.052)

| r2=.58, NS 06 F 06 | 12=.07,'NS 06 | r2=.46,NS 06 | r2=.35,NS 06 | r2=.58, NS

- + 041 o4t 04t . o4t 04F

gy + 02 " ‘ o2 + 02" .02—# l . 02

L " 5 L* _ﬁ !¢ - g. ¢ 3§$ ? | *0
L 0 S e L e 1 e e iy o e Uy o i
96 99 02 96 99 02 96 99 02 96 99 02 96 99 02 96 99 02
BD" Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
m=.044 (.034,.056) m=.052 (.043,.062) m=.030 (.024,.038) m=.044 (.036,.055) m=.045 (,040,.051) m=.043 (.038,.050)
slope=-4.2%(-14,5.8) slope=-.43%(-9.5,8.6) slope=3.3%(-6.6,13) slope=3.1%(-6.5,13) slope=.57%(-4.6,5.8) slope=-.07%(-6.8,6.7)
SD(In)=.33,15%,17 yr SD(Ir)=.21,15%,/13 yr SD(Ir)=.32,15%,17 yr SD(Ir)=.21,21%,13 yr SD(Ir)=.17,7.4%,12 yr SD(Ir)=.18,9.6%,12 yr

power=.16/.21/12%
L y(04)=.037 (.023,.060) o
r2=.12, NS

.00

power=.17/.46/7.6%
L y(04)=.051 (.036
r2=.00, NS

|

-072)0

.05

.00

power=.17/.22/12%
L y(04)=.034 (.021,.055) 9
r2=.08, NS

fitned

power=.12/.45/7.7%
L y(03)=.049 (.033,.074) o
r2=.16, NS

.05

.05

power=.31/.59/6.4%
L y(04)=.043 (.033,.057)
r2=.00, NS

T T T T T T T T
96 99 02

T T T T TT T
9% 99 = 02
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Lead Pb

Temporal variation
For lead, only a very small number of samples fall below the limit of detection, and the analysis is
most likely not affected at all.

Significant negative time trends were detected for lead concentrations in both liver and kidney
tissue from Grimso (annual decrease -5.8 %, p<0.001, liver; -6.2 %, p<0.001, kidney) for the period
1980-2004. Significant negative trends have also been detected in the shorter time series for liver
from Vistmanland county (U) (annual decrease 21 %, p<0.012) from JonkSping county (F) (annual
decrease 12 %, p<0.047) and from Kronoberg county (G) (annual decrease 23%, p<0.009).

The number of years required to detect an annual change of 5% was 16 years for liver and 14 years
for kidney tissue in samples from Grimso where 25 years of analyses are available. These time
series are likely to detect an annual change of about 10 and 8 %, respectively in liver and kidney
tissue, provided that the power is fixed to 80% and the significance level is set to 5%. For the
shorter time series where only seven to nine years yet are available, the number of years required
detecting an annual change of 5% varied between 19 and 25 years for liver tissue and between 19
and 22 years for kidney tissue. Time series of ten years are likely to detect an annual change of
between 14 and 23 % in liver and 10 and 18 % in kidney.

The overall geometric mean value of lead in liver and kidney of moose from Grimsé was 0.040 and
0.060 pg/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
There are no significant differences between the concentrations in liver and kidney.

Lead, ug/g fresh w., moose from Grimso

Liver Kidney
L ey
m=. .032,. m=. .048,.
slope=-5.8%(-7.5,-4.2) slope=-6.2%(-7.5,-5.0)
2178D(Ir)=.28,2.7%,16 yr 218D(Ir)=.22,1.8%,14 yr
power=1.0/.27/10% power=1.0/.42/8.0%

y(04)=.019 (.015,.025) y(04)=.028 (.024,.034)
| r2=.71, p<.001 * | r2=.82, p<.001 *

“4tao=-.76, p<.001 * 4Mtao=-.75, p<.001 *
slope=-11%(-23,.65) slope=-5.0%(-11,.52)
SD(Ir=.41,23%,20 yr SD(IN=.22,7.9%,14 yr

- power=.10/.15/15% - power=.43/.43/7.9%

w
w

r2=.47, p<.059 r2=.35, p<.068
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Lead, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=66,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
m=.017 (.008,.033) m=.009 (.001,.133) m=.017 (.010,.029) m=.033 (.019,.058) m=.028 (.019,.040) m=.032 (.017,.058)
slope=-13%(+40,13) SD(Ir)=.59,>99%,25 yr slope=-21%(-35,-6.5) slope=-5.6%(-34,23) slope=-12%(-23,-.10) Qope=-23%(-39,-7.8)
SD(Ir)=.70,59%,28 yr SD(Ir)=.38,22%,19 yr SD(Ir)=.59,69%,25 yr SD(Ir)=.38,17%,19 yr SD(Ir)=.51,24%,23 yr
15T power=.06/.08/28% -15 [ r2=.85, NS A5 - power=.11/.17/14% 15 | power=.06/.10/23% -15 [ power=.13/.17/14% 15 | power=.10/.11/20%
y(04)=.010 (]003,.034) y(04)=.008 (.005,.015) y(03)=.027 (.008,.092) y(04)=.017 (.010,.030) y(04)=.012 (.006,.026)
r2=.25, NS r2=.68, p<.012 * r2=.07, NS r2=.45, p<.047 * r2=.64, p<.009 *
A0 F A0 F A0 F 10 F 10 10

®
05 4 e 05 @ : 05
> e L “ 5* :
00 =717 717717 00 =TT T1TT7TI 771 00
96 99 96 02
BD P
n(tot)=67,n(yrs)=9 n(tot)=48,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tpt)=32,r(yrs)=7 n(tot)=60,n(yrs)=9 n(tot)=68,n(yrs)=9
m=.016 (.005,.057) m=.015 (.001,.296) m=.023 (.018,.031) m=.034 (.022,.053) m=.035 (.027,.047) m=.042 (.029,.061)
slope=-29%(-79,20) SD(Ir)=.14,>99%,10 yr slope=-2.4%(-14,9.1) slope=-8.0%(-28,12) slope=-5.0%(-16,6.4) slope=-11%(-24,2.1)
SD(Ir)=1.0,>99%,35 yr SD(Ir)=.38,17%,19 yr SD(Ir)=.48,37%,22 yr SD(Ir)=.37,17%,19 yr SD(Ir)=.42,19%,20 yr
15 I power=.05/.06/43% _ -15 [ y(04)=.006 (.001,.070)-15 [ power=.13/.17/14% -15 [ power=.07/.12/18% 15 [ power=.14/.18/14% -15 [ power=.12/.15/16%
y(04)=.006 (/001,.047) r2=.99, p<.095 y(04)=.021 (.012,.037) y(03)=.026 (.012,.058) | y(04)=.029 (.017,.050) | y(04)=.027 (.015,.050)
r2=.40, NS r2=.03, NS r25.18, N r2=.13, NS r.2=.36, p<.087
A0 F A0 F . A0 F A0 . A0 F . A0
Y ) . . + . -
051 . # - 05 .05 F ‘ # .05 - ‘e 05 - 4 + e T * e
A : . '..‘: :.: : . p : ‘. “.... R. 5 -
R LI A Rt S B BOA:
: ‘_ * H sl oo . * s .. * . bt
.00 $- .00 - +—,— .00 .00 .00 .00
T T T T TTTT T TTTTTI T T T TTTTTTTT T TTTTTTTT
96 99 02 96 99 02 02 96 99 02 96 99 02 $I36I ! SI)QI ! (I)ZI !
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Vanadium V

The vanadium concentrations measured in moose liver and kidney tissue are close to the LOD.
Hence, the analytical precision plays a larger role for the unexplained between-year variation
compared to most of the other investigated trace metals.

Temporal variation

For vanadium, 27 % and 22 % of the samples of liver and kidney respectively from Grimso fell
below the detection limit. This will affect the possibility to detect time trends but will probably not
have a massive impact on the statistical analysis.

A significant decreasing log-linear trend was detected for vanadium concentrations in kidney from
Grimso (annual decrease -3.2 %, p<0.007).

The number of years required to detect an annual change of 5% was 33 years for liver tissue and 18
years for kidney tissue in samples from Grimso. These time series are likely to detect an annual
change of about 38 and 13% respectively in liver and kidney tissue, provided that the power is fixed
to 80% and the significance level is set to 5%. For the shorter time series, too many values are
below the LOD to make statistics meaningful.

The overall geometric mean value of vanadium in liver and kidney of moose from Grimso was
0.003 and 0.003 ng/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
There are no significant differences between the concentrations in liver and kidney.
Vanadium, ug/g fresh w., moose from Grimso

Liver Kidney

n(tot)=259,n(yrs)=25
m=.003 (.002,.004)
slope=-1.6%(-7.3,4.1)
SD(Ir)=.91,8.7%,33 yr
| power=.35/.07/38%
y(03)=.002 (.001,.005)
r2=.02, NS
tao=-.13, NS
slope=-6.8%(-36,22)
SD(Ir)=1.1,58%,37 yr
—power=.06/.06/47%
r2=.04, NS

.03

.02

.01

n(tot)=259,n(yrs)=25
m=.003 (.003,.004)
slope=-3.2%(-5.5,-.98)
SD(Ir)=.36,3.4%,18 yr

| power=.99/.18/13%
y(03)=.002 (.002,.003)
r2=.30, p<.007 *
tao=-.45, p<.003 *
slope=-4.6%(-14,5.0)
SD(Ir)=.37,17%,19 yr

—power=.14/.18/14%
r2=.16, NS

.03

.02

.00
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Vanadium, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=64,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
m=.006 m=.001 m=.004 (.001,.031) m=.004 (.000,.066) m=.003 (.000,.026) m=.003 (.001,.010)
SD(Ir)=1.0,>99%,36 yr SD(Ir)=.51,>99%,23 yr SD(Ir)=.48,>99%,22 yr slope=-19%(-83,44)
i I I i i SD(Ir)=.64,>99%,26 yr
-03 03 03T 2= 18, NS 031 o= 89, NS 03T vio4)= 1( 0, 823)%3[ power=.06/.09/25%
r2=.86, NS y(04)=.002 (.000,.021)
r2=.47, NS
02} 02} 02 .02 + 02 02
01Ff . 01} o1r - ot} - 01F - 01f ®
. C e e ® PR s ®
LU I s e U ey e 4y e LUy e et %2y sy e e e Ly B
9% 99 = 02 9% 99 = 02 9% 99 02 9% 99 = 02 9% 99 02 9% 99 = 02
BD Z ) P F G
n(tot)=67,n(yrs)=9 n(tot)=48,n(yrs)=7 n(tot)=63,n(yrs)=9 n(tot)=32,n(yrs)=7 n(tot)=61,n(yrs)=9 n(tot)=68,n(yrs)=9
m=.001 (.000, ) m=.003 (.000,1824) m=.001 (.000,.085) m=.003 (.001,.008) m=.004 (.000,8.22)
SD(Ir)=1.9,>99%,53 yr slope=-9.4%(-71,52)
I I i I . SD(Ir)=.77,>99%,30 yr... |
03 03 03 03T 12=33 Ns 03T bower=.06/.08/31% o3
y(04)=.002 (.000,.045)
r2=.18, NS
02F 02 F 02t 02 F 02 02
01 F 01 F otF 01 F 01 r 01 F :
4 ‘ -®. o RS 33
. s L] e .
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9% 99 = 02 9% 99 = 02 9% 99 = 02 02 9% 99 = 02 9% = 99 = 02
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Zinc Zn

Temporal variation

A significant positive trend was detected for zinc concentrations in liver tissue from Grimso (annual
increase 0.47%, p<0.031). A significant negative trend was found in kidney from Norrbotten county
(BD) (annual decrease 2.9 %, p<0.019).

The number of years required to detect an annual change of 5% was 8 and 6 years respectively for
liver and kidney tissue in samples from Grimso where 25 years of analyses are available. These
time series are likely to detect an annual change of about 3 % and 2 % respectively in liver and
kidney tissue, provided that the power is fixed to 80% and the significance level is set to 5%. For
the shorter time series where only seven to nine years are yet available the number of years required
detecting an annual change of 5% varied between 9 and 16 years for liver tissue and between 7 and
10 years for kidney tissue. Time series of ten years are likely to detect an annual change of between
4to 11 % in liver and 3 and 5 % in kidney.

The overall geometric mean value of zinc in liver and kidney of moose from Grimsé was 22.5 and
23.6 ng/g (fresh weight), respectively for the period 1980-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
There are no significant differences between concentrations in liver and kidney.

Zinc, ug/g fresh w., moose from Grimso

Liver Kidney
n(tot)=259,n(yrs)=25 n(tot)=259,n(yrs)=25
m=22.5 (21.8,23.3) m=23.6 (23.1,24.1)
80["slope=.47%(.04,.90) 80 slope=-.02%(-.32,.28)
SD(Ir)=.07,.60%,8 yr SD(Ir)=.05,.50%,6 yr
70 -power=1.0/1.0/2.7% 70 -power=1.0/1.0/1.9%
y(04)=23.8 (22.4,25.3) y(04)=23.6 (22.6,24.5)
60 | r2=.18, p<.031 * 60 | r2=.00, NS
tao=.31, p<.028 * tao=-.03, NS
slope=-.06%(-2.9,2.8) slope=.04%(-1.1,1.2)
50 -SD(Ir)=.11,4.1%,9 yr 50 —SD(Ir)=.05,1.7%,6 yr
power=.94/.94/4.1% power=1.0/1.0/1.7%
402=.00, NS 402=.00, NS
- .. il .
e et e
LA TR ALY
20_..:.. :, "’ PN
10+ 10+
OIIIIIIIIIIIIIIIIIIIIIIIII OIIIIIIIIIIIIIIIIIIIIIIIII
80 82 84 86 88 90 92 94 96 98 00 02 04 80 82 84 86 88 90 92 94 96 98 00 02 04

Contaminant Research Group /NRM, Dep.Env.Assess./SLU 06.05.22 12:47, GZn06

36



Zinc, ug/g fresh w., moose liver (above) / kidney (below)

BD Z U P F G
n(tot)=67,n(yrs)=9 n(tot)=49,n(yrs)=7 n(tot)=é4,n(yrs)=9 n(tot)=32|n(yrs)=7 n(tot)°=61,n(yr )=9 n(tot)=68,n(yrs)=9

L m=27.1 (25.0,29.3) L m=27.6 (24.3,31.4) L m=35.0 (31.0,39.6) L m=35.7 (28.1,45.5) L m=35.5(30.0,41.9) L m=35.9 (31.0,41.5)
slope=-1.3%(-4.5,1.8) slope=-2.2%(-8.3,4.0) lope=-2.7%(-7.3,1.9) slope=.02%(-12,12) slope=.28%(-6.8,7.4) slope=-4.1%(-9.1,1.0)

80 SD(I)=.10,4.4%,9 yr 80 |- SD(Ir)=.14,9.7%,11 yr80 | $D(Ir)=:15,6.6%,11 yr80 |- SD(Ir)=.29,21%,16 yr 80 |- SD(Ir)=.23,10%, 14 yr 80 | SD(I)=.17,7.2%,12 yr

power=.89/.97/3.7% power=.31/.80/5.1% ower=.57/.73/5.5% power=.11/.27/11% power=.28/.38/85% power=.50/.65/6.0%
" y(04)=25.6 (22.1,29.8) [ y(04)=25.8 (20.4,32.6) [ V(04)=31.4 (25.2,39.2) [ y(03)=35.8 (22.3,57.4) [ y(04)=35.9 (25.6,50.3) [ y(04)=30.5 (24.0,38.8)
60 F r2=.13, NS 60 F r2=.14, NS 60 F 2=.22, NS 60 | r2=.00, N 60 | r2=.00,|NS . 60_r2=..321, p<.098
40F F bk 40 . 40 + aor ® .k 40
sloagtidr [ FUMRep [hentil [t el
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Selenium Se

Temporal variation
For 2002 and 2004, analyses of selenium were only carried out in muscle and liver tissues of moose from
Grimso.

No significant trends were detected in the time series of selenium concentration in muscle and liver.

For the time series where only five to seven years are yet available the number of years required to detect an
annual change of 5% varied between 15 to 25 years for liver tissue and between 11 and 17 years for muscle
tissue, provided that the power is fixed to 80% and the significance level is set to 5%. Time series of ten
years are likely to detect an annual change of between 6 and 23%.

The overall geometric mean value of selenium in muscle and liver of moose from Grimsé was 50.3 and 218
ug/g (fresh weight), respectively for the period 1999-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues

There are significant differences between the concentrations of selenium in the analysed tissues.
The concentrations are 3-4 times higher in liver than in muscle.

Selenium in muscle and liver, ng/g fresh w., moose from Grimso

Muscle ‘ Liver .
| n(tot)=59,n(yrs)=6 n(tot)=59,n(yrs)=6
110 km=50.3 (31.1,81.3) 450 Lm=218 (116 ,411)
- ’ . slope=19%(-16,55)
100 - 400 |-SD(I=.54,61%,23 yr
- power=.06/.11/21%
90 - y(04)= 355 ( 121, 1041)
B 350 r2=.36, NS .
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Selenium, ng/g fresh w., moose liver (above) / muscle (below)

39

BD Z U P F G
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Mercury Hg

Temporal variation

For mercury in muscle tissue from Grimso, 50 % of the samples fall below the limit of detection (LOD). For
mercury in liver only 8.5% were lower than LOD. This implies that liver may be a matrix more suited for
mercury analyses.

No significant trends were found for mercury in liver. However, in muscle significant positive time trends
were detected in four counties (annual increase 10 %, p<0.002, Norrbotten county (BD); annual increase 16
%, p<0.019, Vistmanland county (U); annual increase 16 %, p<0.037, Jonkoping county (F); annual increase
15 %, p<0.001, Kronoberg county (G)).

For the time series where only seven to nine years are yet available the number of years required to detect an
annual change of 5% varied between 13 and 21 years for liver tissue and 9 and 23 years for muscle, provided
that the power is fixed to 80% and the significance level is set to 5%. Time series of ten years are likely to
detect an annual change of between 8 to 17 % in liver and 4 and 20 % in muscle.

The overall geometric mean value of mercury in muscle and liver of moose from Grimsé was 0.876 and 3.01
ng/g (fresh weight), respectively for the period 1999-2004.

Spatial variation
No significant differences in concentrations between the various counties were detected.

Differences between analysed tissues
The measured concentrations in liver are significantly higher compared to the concentrations measured in
muscle, in general 5 to 6 times.

Mercury in muscle and liver, ng/g fresh w., moose from Grimso

Muscle Liver
n(tot)=59,n(yrs)=6 -n(tot)=59,n(yrs)=6
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Mercury, ng/g fresh w., moose liver (above) / muscle (below)

BD Z U P F G
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