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INTRODUCTION

"Medical Geology”- the science dealing with the relationship between natural geological factors and health in man and animals. Medical geology as an integrated science studying concentration the chemical element composition in geology mapping and their migration influence on human health. This science has again become the leading scientific branch highlighting the man – made evolution of the planet and the pathway of interaction between the man and environment. 

This Methodical aid presents some questions about modern local nature and technogenic situation in global and region aspects and laboratory work for students.

1. CONTENT OF THE DISCIPLINE PRACTICAL COURSE
Lab works: «Study of calculation method of depletion time for non-renewable resource» and «Assessment of average content of element in organs and tissues of human organism». 
When carrying out the lab works on geochemistry of living organisms students learn the peculiarities of element accumulation and distribution in organs and tissues of human organism,  reveal the organs – concentrators and tissues where definite groups of elements are specifically accumulated; gain the skills in describing different natural, anthropogenic, and natural-technogenic regional peculiarities determined by the biogeochemical criteria; perform zoning of territories using cartographic materials and GIS-technologies. The works are made by the students independently in written and oral form using computers. If necessary, students are given consultations.  As a result of lab works students are to present a report. 

To manage the students’ skill development the individual classes and control questions are provided.
1.1. LABORATORY WORK № 1

Assessment of average content of element in organs and tissues of human organism 

Methodical aids and manuals
To determine the element average concentration in different natural objects various methods are used. It is usually an average with calculated error. In this case to estimate the reliability of data obtained one should introduce the following factors:

1. The average itself: 
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;
2. Sample variance:
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;

3. Mean square deviation:
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;
4. Average estimation error:
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;
5. Minimal and maximal value of sampled element;

6. The number of measurements (n).

However, the method of average estimation is more reliable as a weighted average depending on weight and specialization of research object. This approach is applicable as well as it is known that elements are selectively concentrated in some organs and tissues that would be different for different parts personage wise with respect to the whole organism.  

Problem 1. According to the data of the expert committee («A human, medical – biological data…», 1977) the weight of an average man’s thyroid amounts 0,2 gr. Calculate the percentage of that organ  with respect to the whole mass of a man of 70 kg. State the weighted average of element concentration in it using data in Table 1 in terms of element concentration in the thyroid of conditionally healthy resident of Tomsk oblast. Compare the obtained data with the reference indicators, data on pathologically changed thyroid; make a conclusion on the regularities of element accumulation. 

Problem 2. Calculate the statistic parameters of element concentration in ash of thyroid tissue for sampling of conditionally healthy people (Table.2). Answer the question: What factors influence the irregularity of element accumulation?

Problem 3. Compare the results obtained in Problem 2 with element concentration in ash of biopsic thyroid tissue with different pathology types (Table 3). Make a conclusion on the elements mainly concentrated at benign tumor (adenoma), malignant tumor (cancer), other types of thyreopathy. 

Table 1 – Estimation levels of element accumulation (mg/kg of wet weight) in human thyroid.

	Element
	According to the data of reference book «A human, medical –biological data, 1977»
	Tomsk oblast  
	Element 
	According to the data of reference book «A human, medical –biological data, 1977»
	Tomsk oblast 

	
	
	Conditionally healthy man (N=6)
	Pathologically changed thyroid (N=101) 
	
	
	Conditionally healthy man (N=6)
	Pathologically changed thyroid (N=101) 

	N
	2,2*104
	-
	-
	As
	-
	<0,25
	<0,25

	Al
	8,5
	-
	-
	Na 
	3*104
	3315
	6655

	Ba
	80*10-3
	<25
	<24
	Ni
	60*10-3
	-
	-

	Be 
	-
	-
	-
	Nb 
	-
	-
	-

	B
	110*10-3
	-
	-
	Sn
	170*10-3
	-
	-

	Br
	20
	7,5
	180
	Ra 
	-
	-
	-

	V
	110*10-4
	-
	-
	Hg
	-
	0,6
	0,75

	Bi
	235*10-4
	-
	-
	Rb
	6
	1,8
	5,6

	H
	1*105
	-
	-
	Sm 
	-
	0,9
	0,58

	Hf
	-
	0,03
	0,04
	Pb 
	120*10-3
	-
	-

	Eu
	
	<0,01
	<0,01
	Se
	-
	7
	5

	Fe 
	55
	258
	803
	S
	-
	-
	-

	Au 
	120*10-3
	0,03
	0,02
	Ag
	135*10-5
	<0,25
	<0,25

	Yb
	
	<0,03
	0,08
	Sc
	
	0,023
	0,015

	Y 
	435*10-4
	-
	-
	Sr 
	130*10-3
	<38
	<31

	I
	600
	-
	-
	Sb
	-
	0,1
	0,6

	Cd
	70*10-2
	-
	-
	Ta 
	-
	<0,02
	<0,02

	K
	1200
	-
	-
	Ti 
	70*10-3
	-
	-

	Ca
	350
	13458
	8960
	Th
	-
	<0,05
	<0,04

	O
	7*105
	-
	-
	C
	8,5*105
	-
	-

	Co
	110*10-4
	0,24
	0,23
	U
	-
	0,75
	0,68

	Si
	-
	-
	-
	P
	750
	-
	-

	La
	-
	0,65
	0,6
	F
	400*10-2
	-
	-

	Li
	160*10-4
	-
	-
	Cl
	2,65*104
	-
	-

	Lu
	-
	0,005
	<0,005
	Cr 
	135*10-4
	0,9
	2,2

	Mg
	750
	-
	-
	Ce
	-
	<0,25
	<0,28

	Mn 
	55*10-2
	-
	-
	Cs
	-
	<0,1
	<0,1

	Cu
	110*10-2
	-
	-
	Zn
	31
	220
	263


Note: «-» data are absent; N- the number of samples
Table 2 – Element concentration in ash of thyroid of a conditionally healthy man (Tomsk residents).

	Sample element
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Na
	1100
	1100
	1200
	960
	1200
	5700
	1400
	600
	1100
	1200

	Ca
	5100
	4600
	5100
	7000
	5100
	6900
	4300
	3200
	3900
	4800

	Sc
	0,01
	0,009
	0,004
	0,004
	0,005
	0,013
	0,009
	0,009
	0,001
	0,009

	Cr
	0,3
	0,3
	0,3
	0,3
	0,91
	9,7
	1,6
	0,4
	9,1
	1,8

	Fe
	130
	20
	30
	30
	160
	620
	470
	70
	220
	300

	Co
	0,11
	0,077
	0,09
	0,096
	0,11
	0,32
	0,04
	0,07
	0,35
	0,08

	Zn
	114
	71
	99
	92
	71
	300
	157
	217
	132
	190

	Se
	2,8
	3,7
	3,4
	2,1
	2,1
	5,1
	1,95
	2,8
	1,5
	1,99

	Br
	4,1
	2,6
	3,3
	2,8
	2,7
	24,9
	4,7
	7,7
	4,7
	5,4

	Rb
	1,9
	0,5
	0,5
	0,5
	0,5
	11
	2
	4
	4
	4

	Sb
	0,03
	0,03
	0,03
	0,03
	0,09
	0,02
	0,02
	0,02
	0,02
	0,02

	La
	0,29
	0,29
	0,21
	0,21
	0,28
	0,12
	0,02
	0,07
	0,1
	0,002

	Ce
	0,1
	0,1
	0,1
	0,1
	0,1
	0,2
	0,14
	0,2
	0,2
	0,2

	Sm
	0,46
	0,38
	0,29
	0,46
	0,29
	0,06
	0,06
	0,06
	0,06
	0,08

	Hf
	0,005
	0,005
	0,035
	0,005
	0,012
	0,04
	0,01
	0,05
	0,01
	0,05

	Au
	0,006
	0,009
	0,017
	0,007
	0,011
	0,004
	0,002
	0,005
	0,004
	0,007

	Hg
	0,02
	0,3
	0,72
	0,13
	0,09
	0,21
	0,2
	0,11
	0,06
	0,06

	Th
	0,02
	0,02
	0,02
	0,02
	0,02
	0,03
	0,002
	0,23
	0,03
	0,03

	U
	0,27
	0,3
	0,32
	0,31
	0,34
	0,5
	0,5
	0,12
	0,1
	0,5


Table 3 – Element concentration in thyroid with different types of pathology in mg/kg of dry substance, M±m, (min and max)

	Element
	Type of thyroid pathology 

	
	Nodular colloid goitern=41
	Adenoma

n=30


	Autoimmune thyroadenitis
n=18


	Cancer
n=8



	Na
	3113±478

(1100-1000)
	3305±438

(500-6000)
	2733±549

(1100-8400)
	2600±544

(700-4700)

	Ca
	2904±382

(500-6400)
	1850±293

(500-52500)
	2011±325

(500-4100)
	2785±472

(500-6100)

	Sc
	<0,002
	0,004±0,001

(0,002-0,012)
	0,006±0,002

(0,002-0,015)
	0,006±0,002
(0,002-0,014)

	Cr
	0,63±0,17

(0,10-7,2)
	0,46±0,13

(0,1-1,8)
	0,76±0,37

(0,1-4,7)
	1,03±0,45

(0,1-4,4)

	Fe
	301±52

(80-1200)
	410±68

(80-1300)
	256±52

(80-480)
	301±81

(80-650)

	Co
	0,07±0,01

(0,03-0,2)
	0,103±0,016

(0,03-0,26)
	0,087±0,02

(0,03-0,19)
	0,064±0,014
 (0,03-0,13)

	Zn
	91±8,80

(32-234)
	96±7,1

(52-181)
	85±11,4

(51-167)
	97,4±17,5

(36-162)

	Br
	5,71±0,44

(2,90-2734)
	14±3,1

(3,7-1919)
	5,34±0,53

(3,4-544)
	6,6±1,49

(3,5-62)

	Rb
	2,02±0,32

(1-8,9)
	3,3±0,62

(1,0-8,2)
	3,87±0,58

(1,0-7,2)
	1,0±0,2

(1,0-2,7)

	Ag
	0,26±0,05

(0,2-1,4)
	0,22±0,02

(0,2-0,6)
	<0,1
	<0,1

	Sb
	0,06±0,01

(0,03-5,2)
	0,041±0,004

(0,03-0,28)
	0,12±0,069

(0,03-7,6)
	0,054±0,016
(0,03-0,13)

	Au
	0,01±0,001

(0,001-0,02)
	0,009±0,002

(0,001-0,03)
	0,012±0,004

(0,001-0,032)
	0,01±0,003
(0,001-0,019)

	La
	0,25±0,03

(0,05-0,58)
	0,211±0,02

(0,05-0,37)
	0,24±0,04

(0,05-0,5)
	0,31±0,05
(0,05-0,48)

	Ce
	<0,1
	0,13±0,027

(0,1-0,59)
	<0,1
	<0,1

	Sm
	0,06±0,01

(0,01-0,14)
	0,05±0,007

(0,01-0,11)
	0,04±0,01

(0,01-0,099)
	0,08±0,017
(0,01-0,16)*

	Th
	0,02±0,01
(0,01-0,11)
	<0,005
	0,022±0,012
(0,007-0,12)
	0,018±0,006
(0,007-0,038)

	U
	<0,1
	0,20±0,019

(0,2-4,5)
	0,21±0,019
(0,2-0,37)
	<0,1

	Hf
	0,02±0,002
(0,01-0,05)
	0,022±0,003
(0,01-0,06)
	0,013±0,002
(0,01-0,02)
	0,014±0,004
(0,01-0,04)

	Se
	1,69±0,14
(0,90-3,7)
	1,63±0,18

(1,0-3,7)
	1,62±0,17
(1,1-2,6)
	1,49±0,16
(0,7-1,8)

	Hg
	0,35±0,05
(0,10-0,9)
	0,3±0,03

(0,1-0,6)
	0,22±0,05
(0,1-1,3)
	0,71±0,19
(0,1-1,6)


1.2. LABORATORY WORK № 2

Study of calculation method of depletion time for non-renewable resources
Aim: To study the calculation method of time depletion of natural resources. 

Equipment: a calculator, a pen, a note-book.

Theoretical introduction

The resources can be classified into everlasting, renewable and non-renewable. 

Everlasting resources such as solar energy are really inexhaustible from the point of view of human history. 

Renewable resources are restored under normal conditions as a result of natural processes. Forests, wild animals, fresh waters of surface streams and lakes, arable soil etc. may serve as examples. 

Non-renewable or exhaustible resources occur in limited amount (reserves) in different parts of the Earth’s crust. The examples are oil, coal, copper, aluminium, etc. They can be depleted because they are not restored in natural processes (e.g. copper, aluminium) as well as because their reserves are restored slower than they are consumed (oil, coal). Non-renewable resources are considered economically depleted when 80 % of their estimated reserves are explored. On reaching this limit the cost for exploration, recovery and refining of the remained reserves become higher than their market price. 

Practical part

Estimate the time of natural resource exhaustion, if the level of recovery in the current year is known, whereas consumption of the resource will grow at the specified rate of annual consumption increment. The initial data for the work are presented in Table 1. 

To calculate it you can apply the formula of the sum of geometric progression members:

 (( 1 + ТР/100)t – 1) * q
Q = --------------------------------, где

TP/100

Q is the resource reserve; q is the annual resource extraction; ТР is the growth in the resource consumption; t is the number of years.

Table 1. The data for calculation of the resource depletion time.

	Initial data
	Kinds of resources

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Resources
	Coal 
	Natural gas
	Oil 
	Fe
	P
	Cu
	Zn
	Pb
	Al
	U

	Resource reserve, Q, 

bill.t.
	6800
	280
	250
	12

тыс.
	40
	0,6
	0,24
	0,15
	12
	300

	Resource extraction,q,

bill.t./year
	3,9
	1,7
	3,5
	0,79
	0,023
	0,008
	0,006
	0,004
	0,016
	0,2

	Growth in volume of resource consumption, ТР, 

% per year
	2
	1,5
	2
	2,5
	1,8
	1,7
	1,3
	2,2
	1,6
	2


Taking the logarithm of Q expression gives the following formula to calculate the time of resource depletion:

ln ((Q*TP)/(q*100) + 1)

t = -------------------------------------

ln (1 + TP/100)

Calculate the depletion time of the resources presented in the Table, fill them in as an additional line in the Table. Make a conclusion on the sequence of stopping resource mining. 

Questions
1. Characterise the natural resources in general.

2. What role does the fossil fuel reserves play in the civilization development?

3. Why is exhaustion of natural resources so dangerous?

4. What are the ways of decreasing mineral losses at mining, enrichment, processing, and transporting? Give an example.
5. Study the map of your region. Say, what minerals are mined in it, what measures of their protection are taken.
2. METHODICAL AID FOR INDIVIDUAL TASKS (EXAMPLES)
Task 1. А) Applying the reaction given below and Le Chatelier’s concept, explain the reasons for dependence of solution of calcium carbonate in the calciferous rocks on concentration growth of carbon dioxide dissolved in ground water.

СаСО3 (solid) + СО2 (water) + Н2О (liquid) ( Ca2+ (water) + 2НСО3

Б) Name two reasons of which the stalactites are not possible to occur on the planet without life.

Task 2. A modern cosmetic is composed of thoroughly and carefully trying to do so that cosmetic means would have only positive effect on human skin. However, it was not always so in this way: a number of pigments used for make-up in Ancient Egypt and Rome looks like a list of poisons:

- face whitening – lead whitening 2 PbCO3*Pb(OH)2;

- powder blush – red phosphorus Р;

- lipstick – cinnabar HgS;

- eye shadow – auripigment As2S3;

- mascara – stibnite Sb2S3;

Consult the reference books for the information on harmful impact of the listed compounds. Try to learn which pigments are used in modern lipstick production.

Task 3. Test.

1.
Who coined the term “biosphere?
а)
Vernadskiy V.I.
b)
Lamark J.- B.

c)
Zuss E.
d)
Teyar – de – Sharden P.

e)
Lerua E.

2.
Who developed the concept of biosphere as a specific inhabited shell of the Earth’s crust ?
а)
Vernadskiy V.I.
b)
Lamark J.-B.
c)
Zuss E.
d)
Teyar – de – Sharden P.
e)
Lerua E.
3.
What is the most concrete definition of «living substance»?
а)
dead organic matter, all forms of detritus 

b)
a complex of all living organisms: microorganisms, plants and animals, their active biomass

c)
a mixture of living matter and biogenic substances

d) biogenic rocks including a part of fossil fuel
e)
a mixture of biogenic substances with minerals of non-biogenic origin

4.
What is bioinorganic substance?
а)
a mixture of living matter and biogenic substances with minerals of non-biogenic origin

b)
a complex of all living organisms

c)
microorganisms, plants and animals, their active biomass

d)
dead organic matter and biogenic rocks including a part of fossil fuel 

e) all forms of detritus
5.
Point out the definition of biogenic substance:
а)
microorganisms, plants and animals

b)
a complex of all living organisms, their active biomass
c)
dead organic matter, all forms of detritus as well as biogenic rocks including a part of fossil fuel 

d) a mixture of living mixture and biogenic substance with minerals 

e)
active biomass

6.
How did Zyuss call the second concentric region of the Earth?

а)
mantle
b)
sima 
c)
earth’s crust
d)
core
e)
geosphere
7.
How can the fact that mantle matter in all concentric layers is homogeneous be explained? 

а)
by very high pressure
b)
by high temperature

c)
by low pressure
d)
by very low temperature

e)
high concentration of oxygen

8.
What is included in the thermodynamic Earth shell, according to V.I. Vernadskiy’s classification?

а) hydrosphere
b)
stratosphere

c)
lithosphere
d)
magmasphere

e)
troposphere
9.
Point out the paragenetic Earth shell from the list below:
а)
stratosphere

b)
hydrosphere
c)
biosphere
d)
barysphere 

e)
stratosphere

10.
To what Earths shells does barysphere belong?
а)
phase
b)
chemical
c)
beam
d)
paragenetic
e)
thermodynamic
11. Which elements are called biogenic? 

a) elements necessary for organisms in comparatively large number
b)
elements necessary for biosystem life activity
c)
dissolved elements vital for the organisms

d)
elements and their compounds which being necessary for biosystem life activity are required in extremely small quantity 

e)
elements necessary for metabolic functions
12.
Point out the elements necessary for nitrogen cycle among the lists below:
а)
Mn, Fe, CI, Zn
b)
Mo, В, Fe
c)
Mn, В, Со, Си
d)
N, Си, Со, Si
e)
Fe, CI, Zn, V
13.
Point out the elements necessary for photosynthesis: 

а)
Мn, В, Со, Си
b)
Mn, Zn, V, CI
c)
Mo, В, Fe, Си
d)
Mn, Fe, CI, Zn
e)
Мn, В, Со, Si
14.
Which function is called environmental-controlling?
а)
biotic control of the environment

b)
biogenic element migration and substance concentration
c)
living organisms exchange of 02 and С02 in the environment in the process of photosynthesis and breathing 
d)
capacity of organisms to gain information by means of connection of energy flux with active molecular structure

д)
such a function does not exist
15.
Which factors define the biosphere sustainability?
1) quantitative contribution of different organisms in biotic cycle, 2) destruction of organic matter, 3) limit of possible deviations from efficient distribution, 4) quantitative contribution of different organisms in  organic matter destruction, 5) interaction of human and biosphere. 

а)1, 2, 3, 5 

b)1, 3, 5

c) 1, 2, 3, 4, 5

d)1, 5 

e)1, 3, 4

16. 
Name the main types of pollution:
а)
local, global
b)
regional, local
c)
global, regional
d)
local, regional, global
e)
There are a lot of pollution types 

17.  Which point gives the complete definition of «natural environmental pollution»?
а)
entrance of any solid, liquid, and gaseous substances in biosphere having negative impact on a human

b)
entrance of any solid, liquid, gaseous substances or kinds of energy in biosphere in the amount having a negative impact on human and animals 

в)
entrance of any solid, liquid, gaseous substances or kinds of energy (heat, sound, radiation etc.) in biosphere in the amount having a negative impact on human, animals and plants both in direct and  indirect way
c)
negative transformation of the environment which is completely or partly the result of human activity, changes directly or indirectly the distribution of coming energy and conditions of living organisms existence
d)
introduction of chemical regents into the natural environment

18.  Point out the item that gives the characteristic of local pollution:
а) it is typical for areas of mining
b) it includes significant areas and aquatories affected by large industrial zones
c)
it is caused by atmospheric emissions

d) it has a negative impact on large areas
19.
Enumerate the criteria determining the properties of heavy metals (HM):
1) density, 2) atomic weight, 3) toxicity, 4) abundance in nature, 5) degree of involvement in natural and technogenic cycles, 6) fragility, 7) metalloidity. 

а)1,2,3,5 

b)1,2,3,4,5,6,7
c)
3, б, 7
d)
1,2, 3,4, 5
e) 1,2, 3,6, 7

20.
 According to N. Reimerse’s classification  heavy metals are metals:
а)
with density more than 8 g/sm3
b) rare in terms of the content in the Earth’s crust

c)
dispersed elements in terms of their distribution

d) with atomic weights exceeding 50 atomic units

e)
with high biochemical and physiological activity

21. 
Incomplete inner р-and d electron shell  orbits of HM atoms indicate:
а)
variable valence

b)
high reactivity

c) capability of hydrolysis, polarization
d) capability of complex formation
e)
all listed above

22.
 Apart from other pollutants heavy metals are characterized by:
а)
non-applicability of «self-purification» concept
b)
high toxicity
c)
mutagenic and carcinogenic effects
d)
ability to bioaccumulate and biomagnify

e)
formation of mostly covalent bounds
23. Content of HM in the environment has the aspect(s) :
а)
ecological
b) ecotoxicological and biochemical
c)
physiological

d)
toxic and therapeutic 

e) therapeutic

24.
Toxic effect of heavy metals could be:
а) direct and indirect

b) catalytic 

c)
biochemical
d)
do not have any toxic effect

e)
negative
25.
Element-antioxidant necessary for protein synthesis and wound healing reacts with rynoviruses causing cold, reduces their reproduction, vital for the development of reproduction organs:
a) Zn 

b) Se 

c) Сr

d) V 

e) Cu

26.
Direct toxic impact of heavy metals involves:
а)
transition of elements into inaccessible state

b) ability to accumulate in food chains
c)
prevention of reactions with ferment

d) lack of  macroelements in human food 
e)
therapeutic effect of HM compounds

27.
Among the listed HM the most toxic are:
а)
Cd, Hg, As, Pb, Zn, Se
b)
B, Co, Cu, Mo, Ni, Cr
c)
B, V, W, Mn, Sr, Zn
d) Cd, Ni, Sn, V, W, Cu
e) Pb, Se, Sr, Cr, Zn, V
28.
Molar toxicity of HM is:
а)
increase in molar number of the metal necessary for the toxicity effect at minimal molar value related to the metal with maximum toxicity

b) degree of HM toxic effect on different organisms
c) HM chemical property

d) replacement of primary metal and ferment efficiency observed in this case

e)
such a comcept does not exist

29.
The primary natural sources of HM in ecosystems include:
а)
thermal water and brines

b)
rocks and weathering products

c)
cosmic and meteorite dust

d)
living matter of the planet

e)
forest fires

30.
HM phase composition in gas-dust emissions of non-ferrous metallurgy is mostly presented by:
а)
halogenide

b)
sulphides

c)
oxides
d)
sulphates
e)
carbonates and oxicarbonates
31.
Enumerate the symptoms of lead poisoning:
1) anemia, 2) headache, 3) muscular ache, 4) sickness, 5) vomiting, 6) cough. 

а)1,2,3,4,5,6 б)1,2,4,5,6
b)
1,2, 3,4, 5

c)
1,2,3
d) 4, 5, 6
32.
Most part of Cd enters soil:
а)
with pesticides
b)
with sewage water emissions

c)
with lime
d)
with phosphorous fertilizers

e)
with organic fertilizers

33.
Thermal power is the main source of the following substances in the atmosphere:
a) Cd, As, Cu, Zn б)Hg

b)
Со, Ni, V, Se
c)
Hg, V, Se
d) V, Se
34.
The major weight of Fe, Mn, V, Сr, Pb, Co, Mo in biosphere is concentrated in:
а)
sedimentary shell

b)
in vegetation of the global soil

c)
in organic matter of the pedosphere

d)
in ocean in the dissolved form
e)
in granite layer of the Earth’s crust

35.
The masses of which metals migrate mostly in a fixed form as a part of river slurry?
а)
Fe, Mn, Zn, Cr, Co, V, Hg
b)
V, Pb, Co, Mo, Cd, Hg
c)
Fe, Mn, Zn, Cu, Ni, Cr
d)
Fe, Zn, Си, Ni, Cr, V, Pb, Co
e) Cr, V, Pb, Co, Mo

36.
HM life time and forms of existence in the atmosphere are determined by:
а)
sizes of metal-containing aerosols 

b) processes of aerosol enrichment
c) HM high temperature emission
d) distance from pollution source
e)
non-solubility of HM compounds

37.
Metal-containing aerosols removed by ash- and dust recovery mechanisms have the size of particulates:
а)
> 1 mkm
b)
0,5-2 mkm
c)
< 1 mkm
d)
5-10 mkm
e)
0,015-0,05 mkm
38.
In standard areas up to 95% of HM are associated with the  aerosols of the size:
а)
> 1 mkm
b)
0,5-2 mkm
c)
< 1 mkm
d)
5-10 mkm
e)
0,015-0,05 mkm
39.
What is the relationship between metal-containing aerosol solubility and their composition dispersity?
а) the less particulate sizes, the more ability to dissolve they show

b) the less the particulate size, the less ability to  dissolve they show
c)
there is no any relationship

d) the more the particulate sizes, the more ability to dissolve they show
e) metal-containing aerosols are monodispersive 
40.
In air polluted with automobile exhausts the major compounds are:
а)
PbBrCI
b)
Pb(S04), (NH4)2S04
c) αPbBrCI, NH4CI
d)
PbS04
e) PbCI2
41.
The major oxidant of mercury in water phase of the atmosphere aerosol is:
а)02  b)·ОН  c)· Н 20  d)03  e)S02
42.
The major deoxidant of mercury Hg2+ in the atmosphere is:
а)02  b)·ОН  c)·Н2О  d)03  e)S02
43.
By dry sedimentation of HM from the atmosphere is meant:
а)
process of washing-out of pollutants by atmospheric precipitation

b) transfer of pollutant from the atmosphere to the underlying surface in the absence of 
precipitation

c)
inner-cloud washing-out beginning from vapor condensation on aerosol particulates
d)
under-cloud washing-out including trapping of aerosol particulates by falling drops of rain, fog, snow 
e)
motion of pollutants from the field of high concentration to that of lower concentration

44.
The main mechanism of HM dry sedimentation is:
а)
turbulent diffusion

b) sedimentation


c)
Brown diffusion

d)
inert trapping of particulates

e) inner-cloud washing-out
45.
HM ions capable of exchanging of the soil absorbing complex, loose compounds, presented by light- and average soluble acids and complexes are:
а)
tightly bound compounds as a part of solid soil phase

b) mobile compounds as a part of solid soil phase

c)
compounds as a part of soil solution

d)
compounds a s a part of soil air

e) compounds as a part of living matter
3. CHECKING QUESTIONS 
1. Tell about transboundary transfer of pollutants in Eurasia. Give examples.
2. Discuss the political demand for concept of critical loads.  Present the concise description of pollutant emission reduction policy in the 1980-1990’s in Europe and North America.
3. Give definitions of critical loads and critical concentrations. Discuss the advantages and disadvantages of critical load concept in comparison with the approach of available technologies for development of pollutant emission reduction strategy. 
4. Describe the major biogeochemical principles forming the basis of critical loads. Characterize the  main advantages of using parameterization of biogeochemical cycles for ecological standard development.
5. Which types of exposure can be observed at acid fallouts in terrestrial and aquatic ecosystems?
6. Describe the general scheme of calculation for critical loads and present the short description of each stage.
7. Point out the main sources of indefiniteness in calculation of critical loads. Describe the indefiniteness from the point of view of quantitative risk assessment.
8. Discuss the application of approaches dealing with ecological risk assessment of the part of acid rain impact on the ecosystems доля.
9. Characterize the interrelation between the approaches based on calculation of critical loads and risk assessment for effect-oriented assessment of acid fallouts in natural ecosystems.
10.  Describe the models of critical load calculation for terrestrial ecosystems. Pay special attention to the curve reflecting the interaction of different parameters of critical load function.

11. Give definition for the critical load excess concept. How to calculate the value of excess for one pollutant and their sum total?
12. Give examples of critical load calculation and mapping for the terrestrial ecosystem of Europe.
13. Using maps of critical loads and their excess for oxygen-forming and eurotrophying  sulfur and nitrogen compounds, discuss those achievements in reduction of pollutant emissions that were developed in Europe within the last two decades.
14. Present the review of acid rain problem in the Eastern Asia and determine the reasons for urgency of this problem?
15. Discuss the applicability of the critical load concept in different countries of the Eastern Asia. Give examples of critical load calculation and mapping in those areas.
16. Characterize the role of China in the transboundary transfer of pollutants in the Eastern Asia. Discuss the maps of critical load and their excess on the territory of China. Point out the reasons for different sensitivity of China ecosystems to the acid fallouts.
17. Discuss the acid rain problem in the South-Eastern Asia. Pay attention to the impact of acid rains on the biogeochemical cycles in rainforest ecosystems.
18. Discuss the interaction of acid rain fallouts and migration of heavy metals in the biogeochemical food chains. Give examples.
19. Characterize the conditions of sulfur and nitrogen emissions in North America in the 1990’s taking into account the contribution of every definite country of the given region.
20. Present the general overview of pollutant emission reduction strategy in North America and pay attention to application of the effect-oriented approaches.
21. Compare the pictures of spatial distribution of sulfate and nitrite fallouts in North America within the 1980’s and 1990’s. Describe the possible sources of sulfur and nitrogen air pollution.
22. Give definition of the critical loads used to assess the accessible emissions of sulfates in the aquatic ecosystems of Canada.
23. Describe the ecotoxicological indexes for acid load in aquatic ecosystems and present the quantitative parameters of aquatic organism death at increasing the acidity in the water bodies.
24. Consider the demand for future reduction of sulfur and nitrogen oxide emissions in North America taking into account the problems of acidifying eutrofication эвтрофирования.
25. Discuss the relationship between acid rain fallouts and increase in heavy metal migration  in the biogeochemical food chains. Give examples.
26. Consider the applicability of the critical load concept for establishment of ecological standards for heavy metals.
27. Describe the scheme of critical load calculation for heavy metals. Compare different approaches.
28. Estimate the role of a receptor in calculation of critical load values for heavy metals and present the description of different receptors for terrestrial and fresh-water ecosystems.
29. Present the detailed description of critical concentrations for different components of ecosystems and review the critical concentrations for different environments.
30. Describe the models for critical concentration determination. Give examples of models for description of the biogeochemical food chains and corresponding critical concentrations.
31. Characterize the models for critical load calculations of terrestrial ecosystems. Consider the relative significance of different links in biogeochemical food chain of the mass-balance models.
32. Describe the models of critical load calculation for aquatic ecosystems. Pay attention to interaction of heavy metals in water and bottom sediments. Discuss the applicability of the small water collector method for calculation of critical load values.
33. Present the review of literature for input parameters in the models of critical load calculation of heavy metals and other pollutants for different ecosystems. Pay attention to accessibility of such data in your region.
34. Discuss the examples of critical load calculation of heavy metals in different countries. Discuss the approaches used in Germany.
35. What input data are necessary to calculate the values of critical load in the countries with large territories like Russia or China? Discuss applicability of GIS techniques for calculation and mapping of pollutant critical loads.
36. Discuss the possibilities of critical load calculation and mapping in your region. Characterize the problems of such calculations.
37. Discuss political and economical restrictions for application of the critical load concept in your region. Present all pros and cons of such an approach to reduce pollutant emissions in your country or province.
38. Compare the biogeochemical approaches for ecological standard establishment with other methods, for example, ecotoxicological ones. Discuss the advantages and disadvantages of different approaches.
39. What does the term «monitoring» mean? Give the definition of monitoring presented in UNEP program in 1974.
40. What are the main trends of monitoring?
41. Enumerate the basic types of monitoring classification.
42. What are the main types of LPC (limited permissible concentration) for air medium? Point out the units of measurement.
43. Give two different types of LPC for the aquatic medium. What is the difference between them? What are the units of measurement? 
44. What integral indicators of water quality are there? What are the units of measurement? 
45. Tell about peculiarities of LPC determination for soil pollutants.
46. What is called the effect of summing? Give examples.
47. What other ecological standards do you know?
48. What is meant under environmental pollution? 
49. What is local, regional, and global biosphere pollution? 
50. What types and kinds of pollution do you know? 
51. Give definition of «chemical pollution of environment».
52. What are the specific features of chemical (toxic) pollution hazard?
53. What chemical substances are the most dangerous for human population and natural communities?
54. What is the relation between chemical contamination and different diseases of population?
Questions for self-checking

1. Forms of occurrence of the elements in lithosphere, atmosphere, hydrosphere, living matter

2.  The role of living organisms in biosphere.

3.  Influence of the environment on chemical composition of plants.

4.  Biochemical composition of terrestrial organisms and coefficient of biological consumption.

5.  Geochemical barriers.

6.   Biogeochemical processes regulating the concentrations of О2 and СО2 in the atmosphere.

7.   Aerosol composition of continental and oceanic origin.

8.   Physiological barriers of element consumption by plants.

9.   Biogeochemistry of aerosols.

 Approximate themes of essays

1.  History of concept development in Medical geology
2.   Practical significance of Medical geology
3.   Elementary ecogeosystem as a basic unit of global land biosphere

4.  Biological cycle of chemical elements in forest communities

5.  Biological cycle of elements in the arid plant communities

6.  Modern environmental problems and Medical geology
7.   Optimization of nitrogen cycle in agroecosystems 

8. Comparative evaluation of carbon compound productivity and mineralization in natural ecosystems and agrocyanosis

9.  Migration of nitrogen compounds from natural and agrosystems to the nearest hydrographic net

Approximate list of credit-test questions

1.   Object and tasks of medical geology.

2.   Biogeochemical processes, their cyclic character.

3.   Practical significance of medical geology.

4. Peculiarities of element distribution in the Earth’s crust, concentration clark, biogeochemical anomalies.

5.  Chemical composition of living matter of land and ocean.

6.   Biogeochemical fluxes in “atmosphere - ocean” and “hydrosphere - lithosphere” systems.

7.  Biogeochemistry of the pedosphere.

8.   Global cycle of carbon in biosphere, main fluxes.

9.   Global cycle of nitrogen in biosphere, main fluxes. 

10. Global cycle of phosphorous in biosphere, main fluxes.

11. Global cycles of heavy metals in biosphere, main fluxes of lead, mercury, and cadmium.

Evaluation and monitoring of the curriculum performance. Students’ questionnaire, «work shop» with discussion of course outcomes. 
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