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Regional Geochemical Sutveys —
Background

- Composition of surficial regolith (solls,
sediments, shallow groundwater, plants)
IS an essential layer of information for
taking informed decisions

- Most developed and many developing
countries have conducted regional
geochemical surveys (RGS)
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Regional Geochemical Sutveys —
Purposes

Identify mineral potential (greenfields or new
commodities)

Reach decisions on land use taking into
account potential geohealth and other
factors

Objectively measure future environmental
change

Take informed and geologically reasonable
remediation decisions
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Example: U in Agricultural Soils in
N Europe

Source: Reimann et al, 2003




Example: As in Soils in Barents

Source: Salminen et al, 2004



Example: Se in USA

Source: Gustavsson et al, 2001



“Everything is a poison, nothing is a poison,
the dose alone is the poison” e parceus (1493-1541)



Community impact studies

(Selenium rich/poor soils - China)

Marco Polo
1254-1324
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Tan et al., 1998

Deficient (<0.125 ppm)
Marginal

Moderate

High (0.40 + ppm)
Unknown

Excessive (>3.0 ppm) _
Desert 1: 25 000 000

Geological Survey of Sweden http://www.sgu.se/verksamhet/tillampa/geomedi/geomed_e.htm



Community impact studies
(Sickness Country - Kakadu)

Natural U

Wyborn et al., 1996
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Objectives of Project

- Develop a cost-effective geochemical
mapping methodology applicable to
Australia:

- Low-density
- Multi-media
- Multi-element

- Landscapes: transported regolith, low-relief,
arid climate, etc.
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Riverina
study area
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Surficial
Geology
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Approach

142 sites selected near outlets of large catchments
(ArcHydro)

Sample sites adjusted on site basis considering
access, landscape position

Top (0-10 cm) & bottom (~60-90 cm) sampled (<180um)

Sample

- Overbank sediments (all sites)

- Endemic plant (River Red Gums)
- Shallow groundwater

Analyse with multi-element methods (XRF, ICP-MS,
INAA, ISE) on bulk and selective extracts
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Th

Sept 2005 - IGES 2005

Data from Vic & NSW DPI
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Potential Excesses



Arsenic

TOS BOS
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Arsenic

Symptoms Source Threat?
e Skin hyper- Gold - Affinity with oxides
pigmentation & fields, (Al, Fe)
lesions pesticides |. | ow risk

e Liver & kidney
disease

e Cancer

e Death
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Chromium
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Chromium

Symptoms Source Threat?
e Lung cancer Mafic . Unlikely
Volcanics

. Cr'ldominant
oxidation state

- Relatively non
toxic

- Bound to clay &
heavy minerals

e SKin irritations

e Kidney, liver &
circulatory problems
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Fluorine
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Fluorine

Symptoms Source Threat?
 Fluorosis . Fertilizers, . Unlikely
apatite?

e Dental & skeletal :
- Low soil-plant

abnormalities . Fluorite deposits |transfer
In granite
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Antimony
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Antimony

Symptoms Source Threat?
e Diarrhoea, muscle - Gold fields |. Unlikely
pain

- Low plant
e Anaemia uptake

* Heart problems

e Carcinogenic?
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Uranium

TOS BOS
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Uranium

Symptoms Source Threat?
e Carcinogenic - Granites - Depends on
(Iung, kidney, liver, dosage rates
bone) - Phosphate

fertilizers . Clay brick —

~8.2m g/kg (Major,

2001)

- Unlikely
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Co
\Yi[e)

Potential Deficiencies



Cobalt

TOS BOS
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Cobalt

Symptoms Reason Remediation

« Anaemia - Affinity with Fe |- Addition of Co
. White liver (clays) fertilizer
disease

- Deficiencies In
calcareous and
coarse textured
soils
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Molybdenum

TOS BOS
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Molybdenum

Symptoms

Reason

Remediation

e None in humans?

e Essential for crops

. Lower avalil. In
acid solls

« Mo fertilizer
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Concluding remarks

Balance between elemental deficiencies and excesses
IS essential for healthy plant and animal development

Pose no immediate threat to humans
Crops and stock an issue?

Existing guidelines are patchy
Limited for Australia
None use bioavailability

Total concentration does not reliably measure
bioavailability

Elements vary with environmental conditions

Sequential leach extractions to be interpreted
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Questions?

DON'r MOVE OR I'iL FiLL You FULL oF 98 % LEAD,

1% ARTMONY, o-75 % , 200 PpM NICKEL, WiTH
TRACE AMOUNTS oF m‘% OTHER %T&
BELOW THEIR RESPECTIVE DETECTION LIMITS /]

WAIT A MINUTE |
\RE THOSE VA :

LR -
. e -

| R L I

ANALYTICAL CHEMISTS IN THE WILD WEST
copyright Mick Kim
http:/ fstrangeratter sci waikatoac.nz/




References

Gustavsson, N. et al., 2001. Geochemical Landscapes of the Conterminous
United States - New Map Presentations for 22 Elements. US Department of
the Interior, US Geological Survey Professional Paper 1648.

Major, R. 2001. Natural radioactivity, hazards. Wastes and the environment in
Australia In: Gostin, V. (Ed). Gondwana to Green House, p 111-124.

Reimann, C. et al., 2003. Agricultural Soils in Northern Europe: A Geochemical
Atlas, 279pp.

Salminen, R. et al., 2004. Special Issue - Geochemical atlas of the eastern
Barents region. Journal of Geochemical Exploration 83(vii), 523 pp.

Tan et al., 1998. The atlas of endemic diseases and their environments in the
People's Republic of China. Beijing: Science Press, 194pp.

Tukey, 1977. Exploratory data analysis. Addison-Wesley, Reading, 506pp.
Wyborn, L. at al., 1996. Environmental geochemistry in the southern Kakadu

region and the “sickness country concept”. In: Geological Society of
Australia abstracts Vol41, 483pp.

Sept 2005 - IGES 2005 Geoscience Australia



Australian Government

Geoscience Australia

Geohealth implications for the
Riverina Baseline
Geochemistry Survey

Megan Lech
ANU GEOL 3008

Sept 2005 - IGES 2005 Geoscience Australia



Fluorine
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Riverina, Australia

LS (Shacklette &

China (Li Jiaxi and YWy Waorld soils (Bowen,

(this report) Boerngen, 1984)# e e e e Gongjian, 1999 19739)
Top Bot
(- (=0- Mean £
2hem) facm) standard

Element  Median Fange Average Range hedian  Top Range  Median  Bot Range deviation Range” hedian  Range

Ag 3.9 0.53-159.8 7.2 =0.1-97 4 =2-30 4 =234 11.3145.61 2.28-384 B 0.1-40
Ba 432 189-1263 &30 10-5000 404 26-2007 419 B-2920 &00 100-3000
Br 8.27 =<1-89.5 0.85 <0511 e ne T CE L EEEE
Cd =0.05 <005-233 e 013 <0.005-1.11 0.0g! <0.005-2 5 0.14x0.13 0.o]m-0.7 0.35 0.0$-2
Cr B35 23-200 54 1-2000 J2 <3614 6 <3-269 58+24 B8 11.10-143.19 70 5-1500
F 320 150-610 430 <10-3700 e e o e 4654145 175-980 200-300 20-700
Ga 14.6 B.3-26.1 17 <570 10 <325 M <329 e e
Sh 0.69 0.37-10.8 0.66 <1-8.8 R LR R 1 0.2-10
L 3 1.26-8.49 27 0.29-11 1.4 =0.1-56 1.3 =0.1-13
Y 73 31-145 8.1 <370 a7 0.7-258 43 0.7-258 731943497 3.00-248.37 a0 3-500
Co 1085 296-3472 5.3 0.4-42i B, 4i <0, 2-4 20 12524570 1.09-40.03 g 0.05-B5
Pl 0.8 0.5-1.9 097 =3-15 <0 g <0 B-7 2i <0 g <[ B-4 2i 1.08+0.67 0.10-3.65 12 0.1-40
Se <5 <5 0.39 <0.1-4.3 0.14 0.02-7 .6 0.08 =0.01-B.71 0.4 =5000

# roadside sails
+ agricultural soils (<2mm)
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Krig interpolated range

Anua regia as apposed to total concentration

HF- extraction
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Eastern Riverina WA
Element S Interi R q
(Detection urvey nEerIIm Iemel Bl Lower critical
limit, col. GMTLAS eve values
mag/kg) Min | Med | Max | Investig. (Ned)
Level
As (05) | 0.8 | 3.9 |KEEE 20
Ba (2) | 189 | 432 | 1263 400 625
Br (1) | <1 |827 10
Cd (0.1) | <0.1 | <0.1 | 2.33 3 12
Co (1) 11.0 | 34.2 50 50 240 <2-5:0.02-0.3 AA
Cr (4) 50 100 380
= (20) 200
Ga (0.1) 10
<0.1 (HW); 0.01-
Mo (0.01) 40 5 200 0.6 (AO)
Sb  (0.01) 20 5 15
Se (5 10 <0.04 (T)
U (0.07) 5
vV (6) 0]

All geochem in mg/kg Geoscience Australia



As/F toxicity from coal combustion
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Arsenism and Fluorosis

Fluorosis

il
[
[[DID Respiratory Problems
—
*

and Fluorosis

_ Respiratory Problems
Source: B. Finkelman, USGS
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