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o Data for six elements, As, Cd, Cu, NI, Pb and Zn, In
the <2 mm fraction of five soil horizons/intervals
were Investigated with several analytical protocols,
varying from a water leach to a “total’ acid (HF-
HCIO,-HNO,-HCI) decomposition;

* For core work the US-EPA 3050B Agua Regia
variant (4:1 HCL-HNO,) was selected.

* The questions were:
— What influences trace element levels?
— How critical 1s soil horizon/interval? &

— What are the relevance of these data to ecosystem and
human health risk assessment and management?
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e The data divide into two groups on the basis of their
distribution across soil horizons/intervals:

— NI, Cu, Zn and As levels increase with depth through the
0-5 cm, A and 0-30 cm ‘horizons’, then decrease to the
B-horizon before increasing to the C-horizon - the
weathered soil parent material; &

— Pb and Cd levels decrease downwards from the surface
layers before rising again in the B-horizon and then
falling to the C-horizon.

 In general:

— Levels In the 0-5 cm interval and B-horizon are similar;
&

— Levels in the 0-30 cm interval and C-horizon are similar.
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e Trace elements only form a small part of the soll
composition, generally they total to less than 1%;

e They are influenced by at least four factors:
— The geochemistry of the soil parent material,

— Any additions due to anthropogenic processes, I.e.
contamination; &

— Soll forming processes where major soil components
such as iron (Fe), manganese and aluminium oxy-
hydroxides, clays, and organic carbon (C_org) play an

Important role through their ability to sequester and form
stable ligands with trace elements.
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e The major soil components, Fe-compounds and
organic_C, vary significantly with depth:
— Fe increases with depth, peaking in the B-horizon, a zone
of Fe-sesquioxide, clay and organic_C accumulation; &

— Organic_C decreases with depth.

* Trace elements behave differently depending upon
the stability of the ligands formed with the ‘major
components’ in the soil environment;

* A Principal Component Analysis (PCA) can help
Identify the relationships.
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e Variations In trace element concentrations between
soll horizons/intervals are due to their intimate
relationship with the soils’” major components;

e These, In turn, vary as a result of fundamental
pedological processes of soil formation, such as:

— The accumulation of organic matter in the uppermost
horizons and B-horizon; &

— The accumulation of Fe in the lowermost horizons.

* Which explains the similarities between the 0-5 cm
Interval and the B-horizon, and the 0-30 cm interval
and the C-horizon in these data.
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* Most methods of geochemical analysis employ
strong acid mixtures, e.g., Aqua Regia, these release
firmly mineral-bound elements and likely over-
estimate the bioaccessible amounts of elements.

« Two alternative digestions have been investigated:

— A Physiologically Based Extraction Technique (PBET)
on the <250 um fraction employing HCI at approximate-
ly pH 1 that emulates a gastric fluid; &

— A water (H,0) leach undertaken un-buffered at ambient
soil pH that emulates what biota may be exposed to by

contact.

[ Ld

Natural Resources Ressources naturelles
Bl s Rossou Canada



Earth Sciences Sector

Te+02

_ + *

=
= +
o >
ip} -—
: Z
o
£ + +
= o +
- + o
c ¥
g * 0
= O
E
(i} -
a9

i +

&
+

o

D —_

i

Water FEET AR JNa0B-AQ 3050B-AQ 4-Acid [MA,
<2 mm <ZA0 prm <250 pm <B3 pm <2 mm <2 mm <2 mm

I*l Natural Resources Ressources naturelles Ca.rl d""
Canada Canada El El



Earth Sciences Sector

+ + + +

—

i

+ —]

qr

—

& +

o
]
= =
= =
N -
P
=]
i
(_J
_ o
= Y 4
n qr
i -—
=
n
E
]

o)

=

qr

—

Water FBET AR J0s0B-A 3050B-AC 4-Acid
<2 mm <250 pm <260 pm <B3 pm <2 mm <2 mm

I*l Natural Resources Ressources naturelles Ca.rl d""
Canada Canada a a.



Earth Sciences Sector

—
g
£ b
- w
=
o
i
qQ =
[ T
-+
o D
[
[l
=
4]
=
[N
_
E =
TR
w =

1e-02

Az As Cd Cd Cu Cu Mi Mi Fb Phb In n
H20 PBET H20 PBET H20 PBET H20 PBET H20 PBET H20 PBET

I*l Natural Resources Ressources naturelles Ca.rl d""
Canada Canada a a.



* Near-total and total (N1 INA) methods yield similar
levels in comparison to PBET and water leach data;

« Estimates of the median bioaccessible amounts for
the six elements vary from 1.3% (Ni) to 40% (Cd)
by the PBET procedure, and 0.04% (N1) and 1.2%
(Cd) by the water leach; and

« The high estimated bioaccessibility of Pb (median
36%) as measured by the PBET procedure In
contrast to the water leach (0.05%) is notable, and
likely related to the use of HCI in the digestion.
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e The US-EPA 3050B Agua Regia variant (4.1 HCL-
HNO,) is an internationally acknowledged protocol;

» As there appear to be only small differences for
most elements In results obtained by the various
Aqua Regia-like protocols it is recommended that
the US-EPA 3050B Agua Regia variant be adopted
for general use,

» Care needs to be taken comparing NOECs derived
from ecotoxicological studies employing soluble
salts and environmental levels derived from routine
geochemical analyses.
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« Soll samples should be collected by horizon, data
will be easier to interpret in terms of establishing
the range of background variation and recognizing
anthropogenic contamination as the confounding
effects of soil major-component variability will be
minimized,;

* When, for operational reasons, interval sampling,
e.g., 0-5 cm, or 0-30 cm, has to be undertaken, the
Intervals should be kept as narrow as possible In
order to avoid confounding the resulting data with
the effects of matrix variability;
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« Geochemical data will be most useful in supporting
risk management decision making by their use in
establishing the range of local natural background
levels for use as remediation targets; and

« Care must be taken to ensure that in remediation
decision making the methods of analysis and soill
horizons/intervals are comparable between the
remediation criteria and the available geochemical
data.
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e Thank you

e Questions?
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