Analytical Methods for the Study

of Trace Elements in Geologic

Materials




SAMPLE COLLECTION & HANDLING

*Collection
-Cores
SOUETELE
-Grab
-Continuous samplers
-Washed
-Etc.

*Handling
-Minimize moisture loss
-Avold oxidation
-Prevent contamination




Analytical Methods for

Characterizing Geologic
Materials

Chemical Analysis

*Bulk Sample
-Inductively coupled Plasma (ICP) AES & MS
-Instrumental neutron Activation analysis (INAA)
-X-ray fluorescence (XRF)
-Atomic Absorption Spectroscopy (AAS)
*Micobeam
-Electron microprobe
-Scanning electron microscope
-lon microprobe
-Laser mass analyzer




Analytical Methods for

Characterizing Geologic
Materials

Mineralogical Analysis
-X-ray diffraction (XRD)
-DTA/TGA (MS)
-Optical Petrography
-Infrared &UV spectroscopy
-Raman spectroscopy
-Maossbauer spectroscopy
Speciation
-Extended X-ray analysis fine structure (XAFS)
-Wet chemistry




Summary of Some of the Characteristics of the Trace Element Analysis Techniques

Instrument  Detection Spectral Matrix Multi- Sample

Technique Price® Limits® Interference Effects elemental Type
INAA +++ 0.001-1 low low yes solid
ED-XRF + 1-10 high medium yes solid
WD-XRF ++ 0.1-1 low medium yes solid
PIXE +++ 1-10 high medium yes solid
ICP-AES + to ++ 1-30 high medium yes liquid
ETA-AAS + 0.01-0.2 medium high no liquid
ICP-MS ++ to +++ 0.03-0.1 high high yes liquid

2 + less than $100,000 to $250,000; +++ more than $250,000.
® 1g/g for solid sample type; ng/ml for liquid sample type




ANALYTICAL TECHNIQUES
For Coal Mineralogy

«X-Ray Diffraction (Semi-quant./Direct)

«Scanning Electron Microscopy (Qual.-Semi-quant)
+Energy Dispersive X-Ray (Indirect)

Infrared Spectroscopy (Qual.-Semi-quant./Indirect)

*Electron Microprobe Analysis (Qual/Indirect)

*Transmission Electron Microscopy (Qual/Indirect)

lon Microprobe (Qual/Indirect)

*Optical Microscopy (Qual-Semi-quant/Direct)

eThermometric (DTA/TGA) (Semi-gquant/Direct)

*Mossbauer Spectroscopy (Semi-quant/Direct)

*Others-Raman, EXAFS

*Normative Analysis (Quant/Indirect)




MODES OF OCCURRENCE

eChemical form of the element

Influences behavior during cleaning, combustion,
conversion, leaching, weathering, etc.

*Determines environmental impact,
technological behavior, by-product

potential

sExamples:

Calcium-Calcite, organic salt,
clay, sulfate, feldspar,
_ ]p_hos hate, etc.
Zinc-Sultide (sphalerite ZnS)




Scanning Electron Microscope

SEM Image of
Fly Ash Particle

20KV X6000.,. 0011
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Arsenic in coal:
M/croana/yS/s

Arsenic Is a trace to AN ; e
minor element in pyrite; A PR, o T
COMESEeIS =150 ) g, ¥ s,
ppm can be determined 70 1 NT2=30%as -
using the electron

microprobe.

Direct confirmation of
As residence indicated
by other methods, but
shows concentrations

vary widely within and
between grains. Arsenlc rlch pyrlte (to 4 5 Wt

% As) with oscillatory zoning,
Warrior Basin coal, Alabama




Microprobe

Results

Back-
scattered
Electron
Images

Nickel
Elemental
Maps




SHRIMP-RG lon Microprobe

e

ensitive igh- esolution
on Icro robe everse
eometry

Primary beam of
O, or Cs* ions
Detection in the
ppm range

10-15 micron spot
Size

determine isotope
ratios




Crin ////'te/Smect/'te /n coal:

e Quantitative results for
silicate-hosted Cr using

Stanford-USGS SHRIMP-
RG ion microprobe.

Concentration ranges:

Cr=11to 176 ppm

Mn = 2 to 149 ppm

V =23 10 248 ppm
Confirms leaching results
and electron microprobe
data.

Reﬂected—//ght image of illite
band and SHRIMP-RG
analysis points.




Chromium In Coal;
XAFS

( TWO m a_l O r fo rm S | Elkhorn/Hazard Coal
Identified: |

— Cr3t/illite

Organic Fraction
[amorph. CrOOH]

— Org. associated Cr

d(Absorption)/dE

(Amorph. CrOOH)

e Chromite- Common
only in coals unusually | gt
rich in Cr

Normalized Absorption

Clay Fraction
[Cr/llite]

0
20 O 20 40 60 80 100 120 0 20 40 60

e Oxidation State- - crergy, v

+ Chromium XANES spectra and derivatives for Elkhorn/Hazard coal
A|WayS C r3 and separated fractions. Note that a different spectrum is obtained
for each fraction indicating that a different form of chromium
dominates each fraction.




Cr In Ash:
XAFS

e Cr can be found as:

— Cr/spinel associated with Wyodak HTA 52% Cr(V1)
magnetic iron oxides.

— Cr associated with alumino-
silicate glass.

e (Oxidation State of Cr

— Often <5% Cr as Cr(VI) in
bottom ash and fly-ash from
bituminous coals.

— Rarely up to 20% Cr as Cr(VI)
In fly-ash from lower-rank

coals. ) 50 40 60 80

Fly-Ash 20% Cr(VI)

Fly-ash <5% Cr(VI

Normalized Absorption

Bottom Ash <5% Cr(VI)

Energy, eV




Distribution of B
As-levels*

y

Max. arsenic IS
6-8 times EPA
stanaard.

Most problem ARt :
wells are in the S [ e

Baypori Limesions
[ Marshall Sandstone

Marshall, but R0 Tl | S
1 T o I:':::.-:Z._ Wells
not exclusively 2D BadFP S
SO NI« 2 L s Bl
' s e 21-49ug/L
*MDCH data - o ® 50 -350 ug/lL
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Arsenic =, Sulfur

:‘:0 mic:'smeters ¥vicrons
Electron microprobe elemental maps for As and
S show high-As (6-7 wt. %) pyrite occurs as the
second of 3 pyrite generations.




Arsenic-rich iron oxy-
hydroxides (derived from
pyrite) in till containing
Marshall Sandstone

Arsenic (ppm)
1=1,200
2 =1,300
3 = 3300
4 = 1,400
5=22800
6 = 1,000
Max. = 7,300

:::::

23 Electron Microprobe
=M Oxygen Map



conclusions

e Microanalysis reveals the fine scale
distribution of trace metals in coal and other

geologic materials.

* This information iIs needed to predict the
distribution and behavior of these metals In
the environment, and to understand the source
of metals that impact human health.

ZUSGS

science for a changing world




Rapant, S., Dietzova, Z. & Cicmanova, S.

GOALS

« To evaluate possible adverse effects -
ENVIRONMENTAL RISK and HEALTH RISK
from contamination of geological environment of

the Slovak Republic, their calculation and map
depiction.

In the pilot area — SpiSsko-Gemerske Rudohorie
Mts. to elaborate and to verify methodical
principles of evaluation of influence of geological
environment contamination on the health state of
population.




INTRODUCTION

object of many scientific fields, among which
also geology has its firm position

Life style — 50 %

Genetic factors — 20 %
Level of health care — 10 %
Environment — 20 %

In regions with markedly polluted environment the influence of
environment may be significantly increased

Lack or excess of chemical elements in geochemical environment

!

increased occurrence of some diseases

!

medical-geochemistry research




pilot area

Environmental Risk Assessment Map of the Slovak Republic
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Risk Level

B 0005 verylowrisk (17026)
W 0510 lowrisk (11653)

0-3.0 mediumrisk  (13490)
I 3050 high risk ( 3560)
u very high risk  ( 4449)

Note: number of cells is given in the brackets



Health status of inhabitants monitored and assessed
within 2 873 Health - territorial units — municipalities

SGR Mts. — from 18 evaluated Health Indicators
— 10 unfavourable
— 2 favourable

ZLATA IDKA vill. — from 18 evaluated indicators
— 15 unfavourable
— 1 favourable

omparison
ovakian data




pilot area

Comparison of selected calculated standardised health indicators between the SGR Mts. and
ZLATA IDKA village inhabitants and the average Slovak population values (years 1993-1997)

SLOVAK REPUBLIC -
IN DICATOR of indicator’s values ZLATA IDKA SGR Mts
distribution
below above
average average averags value class value class

| gross mort. per 1000 inhabit. 82 9.6 11,2 14,08 above 8,14 below
men gross mort. per 1000 inhabit. 9 10,6 12,4 17,19 above 8,92 below
women gross mort. per 1000 inhabit. 7;2 8.7 10.2 18,16 above 7,40 average |
standardised mort. ratio, SMR men 85 99 9 115 120,48 above 119 above
standardised mort. ratio, SMR women 85 99 9 115 92,31 average 108 average |
percent. of previous deaths inhabit. <65 years 23,2 249 28,2 40,00 above 34,5 above
percent. of previous deaths men <65 years 309 322 35.8 50,00 above 44,13 above
percent. of previous deaths women <65 years 14,3 16,4 19 30,77 above 23,27 above
directly standardised mort. 966 1076.5 1 186 1401,5 above 16033 above
PYLL per 100 000 inhabitants 3787 4 267 4 747 7 418,04 above 5784,7 above
PYLL per 100 000 men 5400 6270 7 140 8 641,75 above 9 046 above
PYLL per 100 000 women 1 892 2372 2 852 12 121,75 above 9 766 above
mort. by neoplasms per 100 000 inhabitants 174 199,1 224 455,3 above 205,2 average |
mort. by leukaemia per 100 000 inhabitants 0 R ) 6.2 0 below 8,49 above
mort. by lungs malig. tumours per 100 000 inhabit. | 329 44.7 50.2 113,8 above 41,14 average |
mort. by digestive system malig. tumours

per 100 UOOginhabitants 8 56,8 71,9 79.8 56,9 average 70,33 average
mort. by hearth attacks per 100 000 inhabitants 182.3 2623 2703 739,9 above 354,6 above
percent.. of spontaneous abortions from all 51 59 6.8 22,22 . 6,42 average
conceptions

below average above
0 % 30 % 70 % 100 %

Note: The below-average value represents 30" percentile of health indicator and the above-average value represents 70" percentile of
health indicator for all Slovak inhabitants. The 30t-70t" percentile is considered to be the health indicators average. SMR —

Standardized Mortality Ratio v %.



ERIALS

Data from GEOCHEMICAL ATLAS
New samples and new analyses in SGR Mts.

* Soils (A horizon, 816 samples)

e Stream sediments (1 844 samples)
e Groundwater (797 samples)

e Surface water (754 samples)

* Vegetables (13 samples)

Total contents, toxicity tests (acute and chronic), mobility and
bioavailability (5-step extraction), valence of some metals (Sb3>, As33,
Crt6), mainly toxic metal (Al, As, Cd, Cu, Cr*, Hg, Pb, Sb) organic
macro and micro pollutants.




« Datafrom national databases
« Direct medical research in pilot area

Health indicators — selected and standardized according to WHO
methodology

» Data from state registers
« Data validated by SHI
» Data represent average values of 5-years period (1993-1997)

6 main basic groups of Health indicators are used

v Demographic data v Cancer mortality
v" Data of reproductive health v Chronic lung diseases
v" Total mortality v’ Cardiovascular diseases

In each of mentioned groups several separate groups (according to age and sex)
and several individual diagnosis are evaluated




EPIDEMIOLOGIC
(ZLA

determination of As, Sb

Hair — 7

Nails —

Urine — 1
Blood — 1

AL — MEDICAL research
A IDKA vill.)

in biological materials of people

'l respondents
/3 respondents
16 respondents

17 respondents




GEOCHEMICAL DATA ~ MEDICAL DATA
N e

homogenization
and
unification of databases

v

calculation of relationships between
geochemical and medical data

determination and evaluation of areas
with increased environmental risk

determination and evaluation of areas
with increased health risk

v

verification of health risk by medical
research

(examination of biological materials)

environmental analysis and suggestion of precaution for prevention
and reduction of negative impact of geochemical background on the
health state of inhabitans



methods

Comparison of selected calculated standardised health indicators between the SGR Mts. and
ZLATA IDKA village inhabitants and the average Slovak population values (years 1993-1997)

SLOVAK REPUBLIC -
IN DICATOR of indicator’s values ZLATA IDKA SGR Mts
distribution
below above
average average averags value class value class

| gross mort. per 1000 inhabit. 82 9.6 11,2 14,08 above 8,14 below
men gross mort. per 1000 inhabit. 9 10,6 12,4 17,19 above 8,92 below
women gross mort. per 1000 inhabit. 7;2 8.7 10.2 18,16 above 7,40 average |
standardised mort. ratio, SMR men 85 99 9 115 120,48 above 119 above
standardised mort. ratio, SMR women 85 99 9 115 92,31 average 108 average |
percent. of previous deaths inhabit. <65 years 23,2 249 28,2 40,00 above 34,5 above
percent. of previous deaths men <65 years 309 322 35.8 50,00 above 44,13 above
percent. of previous deaths women <65 years 14,3 16,4 19 30,77 above 23,27 above
directly standardised mort. 966 1076.5 1 186 1401,5 above 16033 above
PYLL per 100 000 inhabitants 3787 4 267 4 747 7 418,04 above 5784,7 above
PYLL per 100 000 men 5400 6270 7 140 8 641,75 above 9 046 above
PYLL per 100 000 women 1 892 2372 2 852 12 121,75 above 9 766 above
mort. by neoplasms per 100 000 inhabitants 174 199,1 224 455,3 above 205,2 average |
mort. by leukaemia per 100 000 inhabitants 0 R ) 6.2 0 below 8,49 above
mort. by lungs malig. tumours per 100 000 inhabit. | 329 44.7 50.2 113,8 above 41,14 average |
mort. by digestive system malig. tumours

per 100 UOOginhabitants 8 56,8 71,9 79.8 56,9 average 70,33 average
mort. by hearth attacks per 100 000 inhabitants 182.3 2623 2703 739,9 above 354,6 above
percent.. of spontaneous abortions from all 51 59 6.8 22,22 . 6,42 average
conceptions

below average above
0 % 30 % 70 % 100 %

Note: The below-average value represents 30" percentile of health indicator and the above-average value represents 70" percentile of
health indicator for all Slovak inhabitants. The 30t-70t" percentile is considered to be the health indicators average. SMR —

Standardized Mortality Ratio v %.



RESULTS

 Environmental risk calculation and risk assessment maps
* Health risk calculation and risk assessment maps

e blood, nails, hair, urine

 locally grown vegetal

RELATIONSHIP — CORRELATION ANALYSIS

Geochemical data — vs. health indicators
Geochemical data — vs. contents of As, Sb in biological materials




Environmental risk
from contamination
of geological
environment

of the SGR Mts. -
municipalities

Note:

IEng’. IERS’ IERss’ IER
—environmental risk

index for
groundwater, soils,
stream sediments
and geological
compounds as a
whole

results

Municipalities| lr |lergw| lers |lerss| | Municipalities | leg |lergw | lers |lerss
T |Betliar 3683 | 1255 | 5563 | 8457 |oCIMIynky 13.40 16.07 75,90 2664 |
7 |Bérka 714 133 2580 526 | 51|Mnisek nad Hnil. 1572 580 7268 39.26
3 |Brdarka 3.3l 1.28 5.86 539 |52|Nalepkovo 3059 184 11560 19.16
Z [Brzotin 16,98 156 1918 | 4375 |53|Nandraz 0% 0.95 264 043
5 |Clerna Lehota 0.42 GFE 0.60 107 | 54|Nizna Slana 7333 7272 7083 17.62
6 [Cutma 7651 | 36.63 | 139.08 | 16401 |55|Ochting 230 445 5.30 264
7 |Debrad’ 10.31 296 3128 | 11.75 |56|Olcnava 3405 0.19 12057 | 19.89
@ |Dobsina 1539 | 1956 | 1195 | 7002 |5/|Opatka 36.05 140 13856 | 17.34
9 |Drienovec 2.90 1.95 17.70 532 58'."&6& 643 10,47 10.15 9,97
10[Drnava 493 T4.40 4.24 543 |59Paskova 118 0.03 210 022
11 |Gelnica 2167 | 611 4386 | 4597 |60|Petrovo 6.85 252 19.19 565
12|Gemerska Pol. 3567 113 6.01 1092 |E1JPlesivec 1.51 1.48 179 113
13|Gemerské Tepl. 234 285 512 020 |62|Popro¢ 31588 | ©045 | 30139 | 101672
14| Gemersky Sad 284 0.02 B67 021 |63|Porac 165.62 113 54587 | 15064
15| Gozaltovo 145 D28 3.90 044 |64|Prakovee 14.88 3.70 27.01 35.61
16|Goovo 1387 | 1891 | 3264 | 11.33 |6G|Prihradzany 032 053 DCo 017
17 |Hatava 210 D70 1496 159__|66|Rakovnica 205 124 568 3.00
18|Haj 3.27 115 1057 129 |6/|Rejdova 548 0.39 26,51 152
19|Hankova 1.76 280 3.75 251 |68JRachovce 194 378 423 181
20[Helcmanovce 19,24 7.26 2869 | 4628 |69|Rostar 37 0.26 14,12 145
21|Henckovee 657 155 1972 749 | 70|Rozlozna 741 0.45 3001 053
22|Henclova 1018 | 950 1821 | 2265 |71|Roznava 5148 3549 8575 | 10518
23| Hnilcik 2937 461 8587 | 46.78 |72|Roznavske Bystré 207 0.29 562 257
24| Hnilec 9.21 1.28 1354 | 3013 |73|Rudna 13.73 107 25.71 34.08
25|Honce 147 D12 315 176 Tdiguuﬁany 538.16 233 | 272169 | 33488
26| Chrast nad Hor. 10003 | 071 | 306.87 | 9050 |75|Rudnik 21117 | 3108 | 53846 | 386.83
27 |Chyzne 108 Do 2.20 166 | 76|Slavoika 385 162 487 9.40
28|Jaklovee 12.30 4.06 2713 | 19.08 |//|Slavosovce 099 0.50 187 0.87
20|Jasov 2003 | 2323 | 6779 | 4294 |7E[Slovinky 27.19 229 31.05 9162
30[Jelsava 569 185 2665 135 |79[smolnicka Hula 65755 | 2927.25 | a421 187.79
31| Jovice 925 B87 819 560 | B0)Smolnik 18778 | D00G0 | 2497 | 17924
32|Kamenany 0.43 077 0.22 023 |81|Spisska Nova Ves 15.36 23.04 18.07 2441
33|Kluknava 2145 2,37 5344 30.69 | E82|Spidské Viachy 9,07 1.61 27.32 969
34|Kobeliarovo 1073 842 2374 | 1279 |Ba|stara Voda 2242 059 6441 20.40
35|Kocelovee 421 187 11.00 480 |24 |Sivetice 083 245 D71 010
36 |Kojsov 1517 | 2548 | 4777 978 | 85|Stitnik 155 057 271 082
37 |Kovacova 4.43 11.55 407 423 | BE|Stitnik juh 153 0.18 3.10 0.26
38|Krasnohor. Podhr. 1606 | 1432 | 1267 | 5093 |87|Stés 15498 | 59435 | 11.06 586
39|Krompachy 3450 977 5583 | 8851 |o8|Svedlar 3004 477 70,65 9461
40| Kruina 210 2.80 ¥ 158 |EC]QTeplicka 963 5.80 23.89 12.80
47|Kunova Teplica 103 047 154 063 |S0|Teplitka - juh 33.81 19.03 68.83 53.72
42| Lipovnik 283 203 3.45 531 | 91|Turiia nad Bodvou 768 285 2750 02|
43|Licka 3.13 304 .07 384 |92|Uhorna 355 452 450 858
44| Magnezitovee 185 510 1.70 068 |93|Velky Folkmar 568 0.97 1217 11.46
45 Margecany 12,48 1.90 2568 2360 | S4]Wlachove 10.56 5.23 10.84 4758
46| Markuska 2.59 328 4,48 286 |95QVyina Slana 707 5.24 21.76 14,25
47 |Markugovce 260.73 | 887 | 44366 | 63527 |96|zdvadka 15817 | 1319 | 46237 | 276.10
48| Matejovce 53374 | 175 | 143643 | 24623 |97 |2lata Idka 18080 | 1096 | 48338 | 28819
40| Medzav 79 508 | 1413 437 | O6)Zakarovce 2418 55 £5.70 26.45




RfD (Reference Dose - Oral Chronic) = 0,3 ug/kg-day ( US EPA, 1995)
CSF (Cancer Slope Factor) = 1,5 mg/kg-day (US EPA, 1995)

results
Carcinogenic and chronic health risk calculation from As - groundwater

US EPA method, Rissk Assessment Slovak regulation

n —_ As | ADD ADD, ADD, (no/kgt  HQy

municipalities contat i | ELChR,; | ELChR,  ChRL;, | ChRL, | ELCR | CRL &) | (ADDRD) ELCR [CRL
1 (Betliar 0.00948| 0.720 0.270 2E+00 | 9E-01 2 1 |[3,7E-04] 4 0.2709 09029 |4.1E-04| 4
2 |Borka 0.00063| 0.048 0.018 2E-01 | 6E-02 1 1 [25E-05( 3 0.0180 0.0600 |[2.7E-05| 3
3 (Brdarka 0.00082| 0.062 0.023 2E-01 | 8E-02 1 1 |3,2E-05 3 0.0234 0.0781 |[3.5E-05| 3
4 |Brzotin 0.00173| 0.130 0.049 4E-01 | 2E-01 1 1 |[6,8E-05] 3 0.0494 0.1648 | 7.4E-05| 3
5 [Cierna Lehota 0.00096| 0.073 0.027 2E-01 | 9E-02 1 1 |38E-05] 3 0.0274 0.0914 |[41E-05| 3
6 |Cucma 0.03484| 2.600 1.000 OE+00 | 3E+00 | 3 2 |14E-03 5 0.9954 3.3181 | 1.5E-03 5
7 |Debrad 0.00117| 0.089 0.033 3E-01 | 1E-01 1 1 |46E-05 3 0.0334 01114 | 5.0E-05( 3
8 (Dobsina 0.03059| 2.300 0.870 BE+00 | 3E400 | 3 2 |12E-03] 5 0.8740 29133 |[1.3E-03| 5
9 |Drienovec 0.00073| 0.055 0.021 2E-01 | T7E-02 1 1 [29E-05] 3 0.0209 0.0695 |[3.1E-05| 3
10 {Drnava 0.00125] 0.095 0.036 3E-01 | 1E-01 1 1 [49E-05] 3 0.0357 0.1190 |[5.4E-05| 3
11 [Gelnica 0.00819] 0.620 0.230 2E+00 | 8E-01 2 1 |[32E-04] 4 0.2340 0.7800 | 3.5E-04 | 4
12 [Gemerska Poloma 0.00391| 0.300 0.110 1E+00 | 4E-01 1 1 [15E-04] 4 0.1117 0.3724 [ 1.7E-04| 4
1
100{Zakarovce 0.01568| 1.200 0.450 4E+00 | 1E+00 | 2 2 |61E-04| 4 0.4480 1.4933 |[6.7E-04 | 4

ADD,, — average daily dose, ingestion, children; ADD — average daily dose, ingestion, adults; ELChR,, — excess
lifetime chronic risk affection children; ELCh_— excess lifetime chronic risk affection adults; ChRL_, — chronic
risk level — children; ChRL, — chronic risk level — adults; ELCR — exess lifetime cancer risk affection (adults);
CRL — cancer risk level; HQ.,, — hazard quotients, chronic risk, adults




Risk level map of carcinogenic affections
from Arsenic - groundwater

G . / & ~ "|,_ Y -

S i ~ 7 Calculation and carcinogenic risk level evaluation according to the US EPA, 1998
) cumnd CALCULATED
N &7 RISK LEVEL NEOPLASMS CARCINOGENIC NUMBER OF
s OCCURRENCE RISK MUNICIPALITIES
W E - -
$ 1 <1 per 1 000 000 inhabitants very low 0
>1 per 1 000 000 inhabitants
<1 100 000 inhabitants low 0
>1 per 100 000 inhabitants =
3 <1 per 10000 inhabitants medium 61
=1 per 10000 inhabitants :
<1 per 1 000 inhabitants hlgh 29

>1per 1000 inhabitants very high 10




Risk level map
of chronic diseases

from potentially toxic elements

(As, Ba, Cd, Cr, Cu, Hg, Pb, Sb, Se, Zn) -
groundwater

. Calculation and chronic risk level evaluation according to the ratio ADD/RfD (US EPA)

wee RISK LEVEL o [SEIMENER o
’ =1 no risk 72
>1=5 low 26
>5-10 medium 1
>10 high 1

Symbols - risk elements




Risk level map of carcinogenic affections

from Arsenic - soils

Calculation and carcinogenic risk level evaluation according to the US EPA, 1998

CALCUI LA, STED CARCINOGENIC NUMBER OF
RISICLEVEL NEar ns RISK MUNICIPALITIES
OCCURRENCE
| <1 per 1000 000 inhabitants very low 0
>1 per 1 000 000 inhabitants I 86
700 000 inhabitants i 5
high 0
1000 inhabitants very high 0




Risk level map of chronic diseases
from potentially toxic elements

(As, Ba, Cd, Cr, Cu, Hg, Pb, Sb, Se, Zn) -
children, soils

As, Pb, 5b

2 As, Pb, Sb '

s F‘b.j

Calculation and chronic risk level evaluation according to the ratio ADD/RfD (US EPA)

s RISKLEVEL | ADDIRD | GCCURRENGE RISK| MUNIGIPALITIES
; <1 no risk 21
>1=5 low 75
>5<10 medium 1
>10 high 3

Symbols - risk elements



results

RELATIONSHIP - geochemistry and medical data

Sperman correlation coefficients, confidence levels o and significance

of relationship of chemical elements and health indicators,

SGR - groundwater

elements health indicator n R o significance

As mortality by neoplasms 100 0,263 0,008 ++

As mortality by lungs 100 | 0,2395 | 0,016 ¥
mallgnant tumours

Cr mortality by neoplasms 100 0,3385 | 0,0006 +++

Cr mortality by lungs |5, | 59757 | 0.0055 ++
malignant tumours

Cu mortality by neoplasms 100 0,3745 | 0,0001 +++

Cu mortality by lungs 100 | 0,3092 | 0,0017 +
mallgnant tumours

Sb mortality by neoplasms 100 0,5070 | 0,0000 +++

Sb mortality by lungs 100 | 0,4422 | 0,0000 -
mallgnant tumours

o <0,001 — very high dependence +++, a <0,01 — high dependence ++, a <0,005 - proved dependence +




results

Sperman correlation coefficients, confidence levels o and significance
of relationship of chemical elements and health indicators,

SGR - soils
elements health indicator n R o significance

As mortality by neoplasms 100 0,2670 | 0,0072 ++

As mortality by lungs 100 | 0,2591 | 0,0092 +
mallgnant tumours

Cr mortality by neoplasms 100 0,2435 | 0,0147 +

Cr mortality by lungs 1,55 | 1706 | 00897
malignant tumours

Cu mortality by neoplasms 100 0,2567 | 0,0099 ++

Cu mortality by lungs 100 | 02103 | 0,0357 ¥
mallgnant tumours

Sb mortality by neoplasms 100 0,3697 | 0,0002 +++

Sb mortality by lungs 100 | 0,3150 | 0,0014 +
mallgnant tumours

o <0,001 — very high dependence +++, a <0,01 — high dependence ++, a <0,005 - proved dependence +



results

Sperman correlation coefficients, confidence levels o and significance

of relationship of chemical elements and health indicators,

SGR - stream sediments

elements health indicator n R o significance

As mortality by neoplasms 100 0,4258 | 0,0000 +++

As mortality by lungs 1 1454 | 3947 | 0,0000 -
malignant tumours

Cr mortality by neoplasms 100 0,1300 | 0,1973

Cr mortality by lungs | 54 | 51516 | 0,1322
malignant tumours

Cu mortality by neoplasms 100 0,3364 | 0,0006 +++

Cu mortality by lungs | 454 | 9898 | 0,0034 -
malignant tumours

Sb mortality by neoplasms 100 0,3382 | 0,0006 +++

Sb mortality by lungs 100 | 0,2677 | 0,0071 +
malignant tumours

o <0,001 — very high dependence +++, a <0,01 — high dependence ++, a <0,005 - proved dependence +




results

Correlation between As and Sb in soil and biological materials of
people, ZLATA IDKA vill.

Linear correlation (n=17)

As —blood | As—urine | Sb —Dblood | Sb -urine As —soil Sb - soil
As — blood 1
As —urine 0,11 1
Sb —blood 0,12 0,46 1
Sb —urine 0,07 0,57 0,72 1
As - soil 0,52 0,29 0,35 0,29 1
Sb - soil 0,43 0,32 0,40 0,33 0,99 1
Spermans order correlation coefficients between soil and biological
materials
element biological mat. n R o significance
blood 27 0,031 0,881
AS urine 36 0,248 0,188
nail 24 0,698 0,0001 +++
hair 25 0,295 0,157
blood 17 0,241 0,393
urine 22 0,146 0,543
Sh nail 25 0,597 0,0010 ot
hair 23 0,091 0,693




o Statistics proves significant correlation between contents of
chemical elements in the environment and health indicators.

v  Causal elements (e.g.:As, Sb, Hg, PDb, ...)
with confirmed and approved relation to health
Indicators

v Indicative elements (e.g.: Bi, Be, Ga, Li, ...)
with high stochastic dependence thanks to the
geochemical relationships with causal elements




CONCLUSIONS

* In areas with higher toxic element contents in environment there were
documented also their higher contents in biological materials of people
and in food chain , as well as significant unfavourable health indicators.

o It is relatively simple to prove direct negative impact of geological
environment on the human health status in the strong polluted
areas. On the other hand, to show the negative impact in the low
and medium contaminated areas is more problematic, but it may be
more important.

« Approved relation between health and geochemical parameters can have
a very important role in early recognition of the health risk. Although this
risk might not be prevented completely, but its consequences may be
reduced.

* Realised calculations and maps of Environmental and Health risk
enable to assess influence of geological environment contamination
on other compounds of Environment and Human health. They are
objective base for following detail works for treatment of the
environment and for the improvement of human health.




