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* The concept of geochemical background was
developed in the 1940s and 50s;

e |t was introduced to differentiate between normal
element concentrations and chemical anomalies that
might be indicative of ore mineral occurrences;

o Definition (Hawkes and Webb, 1962):

— “The normal abundance of an element in barren earth
material’”’; and they concluded

— “It 1s more realistic to view background as a range rather
than an absolute value”.
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e Today geochemical surveys have equal applicability
to environmental issues and concerns;

o Geochemically there i1s no immediate difference
between an anomaly arising from a natural process,
e.g., the formation of a mineral deposit, or as a
result of contamination of the natural environment
by an anthropogenic process;

* Both types of processes impose an ‘overprint’ on
the natural regional geochemical background.
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e Some would argue that natural background no
longer exists, anthropogenic processes have
distributed contaminants world-wide, thus the
following terms are used:

— Natural background; and
— Ambient background;

e Thus ambient background is the sum of natural
background levels and any anthropogenic additions;

* Regional geochemical maps demonstrate that
natural processes still dominate the distribution of
trace-elements on regional and continental scales.
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« Background levels usually differ between sample
media, thus levels In air, water, lake, stream/river
and marine sediments, and soils will be different;

« However, all will be related to their source
materials, 1.e. rocks, and these will be modified by
the physical, chemical and transport processes
characteristic of the sample media;

 Difference in rock chemistry (geochemistry) for a
single element may vary by orders of magnitude.
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Some average compositions of some rocks

Hg (ug/kg) Pb (mg/kg) Cd (mg/kg) Cr (mg/kg) Ni (mg/kg) As (mg/kg) Cu (mg/kg) Zn (mg/kg)

Earth's Crust 80 13 0.2 100 75 2 55 70
90 12 0.2 110 89 2 63 94
Upper Continental Crust 56 20 0.1 35 20 1.5 25 71
80 13 0.2 77 61 1.7 50 81
Igneous Rocks
Ultramafic 4 1 0.1 1600 2000 1 10 50
Mafic 90 6 0.2 170 130 2 87 105
Intermediate 80 15 0.1 22 15 2 30 60
30 10 0.1 55 30 3 60 50
Felsic 80 19 0.1 4 5 1 10 39
Sedimentary Rocks
Sandstone 57 14 0.02 120 3 1 15 16
Limestone 46 16 0.05 7 13 2 4 16
Shale 270 80 0.2 423 29 9 45 130
Black Shale 15 4 18 68 22 50 189
100 700 300 200 1500

Sources:
The Essentials of Medical Geology, Editor-in-Chief O. Selinus (2005), Chapter 2, Table 3
With additions from Chemical Elements in the Environment, Reimann, C.R. and de Caritat, P. (1998)
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o Statistically:

— Various graphical displays of the data may —
should — be prepared, e.g., cumulative
frequency/probability plots, Tukey boxplots,
histograms, etc.

— Summary statistics may be used to help estimate
the range of background variation.

o Spatially:
— Geochemical maps can — should — be prepared.
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e The histograms indicate the presence of more than
one population in the data;

e The maps indicate that there are regional controls
Influencing the background levels;

* A breakdown of the data by the three ecoprovinces,
Appalachian and Acadian Highlands, Northumber-
land Lowlands, and Fundy Uplands, yields subsets
of size 43, 56 and 84, respectively;

* Note, the cumulative probability plots do not clearly
Indicate the presence of multiple populations — not
uncommon for mixtures of data with similar means.
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e There are several methods:
— Visual inspection of probability (Q-Q) plots;
— Calculation; and
— A combination (hybrid) of both.

e There are several methods of calculation:
— Percentiles, cf. OTR98;
— Mean + 2 Standard Deviations (SD);
— Median £ 2 Median Absolute Deviations (MAD); and
— Tukey Boxplot ‘normal’ range.

 Mean x= 2 SD, Is very sensitive to outliers.
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Aa (mg/fkg) - Appalachian and Roadlan Highlands M= 43 I%ile = 0.B68 S94ile = 185.2
LR a0 Hizdlan HAD MaantlsD MadeIMAD Tukey Fances {actuall
4.16 4.0E 3.2 1.78 * 12.3 &6.TE .95 [ 5.5 )
- =-4.01 ~-0.388 -1.6% [ 0.7}
Logld 9.432 0.321 0505 0.3 + 13.8 12.7 14.5 [ 13.7 )
- 0.708 0.803 0L.EES | 0.7}
Aha (mg/kgl - Worthumberland Lowlands H = 5B INile = D.72 SHbile = 5.91
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2.73 1.74 Z.38 1.11 + 5.27 4.589 E.1 [ 5.2 )
- =0.E696 0.126 =1.1 [ 3.7
Logld 0.37T7 0.24% 0371 0.243 + T.39 T.18 w.s 7
- 0.1 0.Tes 08517 | 0.7}
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5.BT 4.386 4.3 3.11 + 14.6 10.% 170 [ 15.7)
- -Z.858 =1.93 -E.26 [ 0.8 )
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Fb ima/kg) - Mppalachian and Roadian Highlanda H =21 I8ile = 17,5 GEBile = B7.4
Maan an Hadlan HAD MaantlsD MadiIMAD Tukey Fances {actuall
45,4 20.3 1.9 17.7 + a%.5 7.2 ET.2 ([ BO.Z
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Logld 1.52 0. 1BE 1.82 0.172 + aT.8 92.1 118.0 [ 80.2 )
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0.9 16.4 27.1 15 % * 653.7 57.% 55.2 [ &7 ]
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- E.31 a.92 E. 15 [ &.67 |
Fb (m3/kg) = Fundy Uplands N = 84 INile = 9.82 SEMile = 67.2
P a0 Hizdlan HAD MaantlsD MadeIMAD Tukey Fances (actuall
i1 14.9 8.5 13.2% + 59.3 51.9 ET.E [ £2.9 }
- -b.33 =0.3 -10.% [ .33}
Logld 1.42 9.213 L.41 0.212 + 1.4 BT.7T 112.0 [ TE.9 |}
- 9.588 9.5% 6.4T { B.A1 }
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As - mg/kg N Min Max Cut-off | N Min 98th %ile Max
Appalachian and Acadian Highlands | 43 0.7 23.3 8 39 0.7 6.1 6.9
Northumberland Lowlands 56 0.7 11 8 55 0.7 6 7
Acadian Uplands 84 0.6 23.4 16 83 0.6 14.8 15.7

Pb - mg/kg
Appalachian and Acadian Highlands | 43 15.9 125.2 100 42 15.9 76.2 80.2
Northumberland Lowlands 56 6.7 67 70 56 6.7 66 67
Acadian Uplands 84 6.4 76.9 70 82 6.4 55.7 62.8

Estimates of background range for As in the Acadian Uplands are 0.6 to 15 mg/kg,
and for Pb in the Appalachian and Acadian Highlands are 15 to 76 mg/kg
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« Multivariate statistical approaches may sometimes
help identify outliers, create outlier-free data
subsets, understand the structure of the data, and
Identify groupings In the data;

e Some tools are Principal Components Analysis,
multivariate probability — Chi-square — plots and
cluster analysis; but

« Data (sub)sets should have sample sizes at least 8 to
9 times the number of variables studied
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e To estimate background ranges:

— Inspect the data as maps and statistical graphics displays;

— If the data show evidence of falling into coherent
regional patterns or of being poly-populational, decide
whether to split the data into subsets;

— Subsets should be a minimum of size 30; and

— If multivariate procedures are to be used subsets should
be a minimum size of 8 or 9 times the number of
elements.
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e For the data set, or each data subset:

— Use probability or Q-Q plots to identify outliers,
Individuals that do not appear to ‘belong’;

— Select a ‘cut-off’ to remove the outliers:

— Estimate the percentiles of the remaining, background,
data;

— Select from the percentiles, or even the minimum and
maximum, a probable background range; and

— Varying degree of ‘conservatism’ can be introduced by
selecting different percentiles of the ‘background’ data.
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