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Rates of living cells growth and of substances’

concentrations changes
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q— mass of living cells [kg],

t—time [s],

F (cy )—the rate coefficient of a
biochemical reaction [1/s],

Cix —concentracion of the k —th
substance [kg/kg] in the 1-th

m, — molecular weight of the
k—-th A, substance [kg/mg],
& — the rate of the 1 —th reaction

[1/s],
p — density of the system “living

cells-substrate” [KF/M3]



The rate coefficient of a biochemical reaction

F(ci)=(-KZ +B)¥

K — the rate coefficient of a B — the rate coefficient of a
biomass growth, biomass decline,
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Vi, Vik — stoichiometric L, 1. —Stoichiometric coefficients
coefficients of the k —th of the k —th substance before and

substance before and after after reaction respectively

reaction respectively
Ay — chemical symbol of the k —th substance in the i—th

reaction, k=1,...,N;; i=1...,n



Resulting equations
The growth equation (it is derived under the condition of
constancy of initial concentrations of substrate components):

q :/It‘Bexp(—%j

The dose-response equation (it is derived under the condition
of constancy of time):

q=A z_Bexp(—Ej
Z

n
Z= r\u/H(cfl) — the geometric mean of concentrations of
i=1
components.



Growth

- Modelling of microbial growth

and dose-response.
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Career on extraction of iron ore near to Gubkin and Stary Oskol in Russian Federation.
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Career on extraction of iron ore near to Gubkin and Stary Oskol.




Career on extraction of iron ore near to Gubkin and Stary Oskol.
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The concentration of components (ppm) in the soil at the monitoring sites (Ne)

Haspammenm | Ne | Li | V | Cr | Co | N1 |Cu | Zn | As | St | Zr Mo | Cd | Sn | Sb | Cs | Ba | Pb
MIT |

Poyanoso H1 |26.0(110.0{57.0| 9.5 |320|250/67.0| 6.7 (100.0/180.0 1.10/0.36(3.60|2.30| 4.0 |390.0, 24.0
Cennoe H3 |27.0(110.0{54.0| 9.5 [29.0(18.0/57.0| 7.1 [91.0(160.0/1.00|0.27(2.50|0.63| 4.1 [340.0{21.0
[Mazeran H4 ([2901(1200{550(11.0|31.0(18.0(63.0| 5.7 |{110.0{160.00 0.85/0.25(2.50|0.534| 4.4 [360.0 23.0
Knenoeenrkoe | H5 | 21.0(120.0/56.0(12.0(32.0|19.0/75.0| 7.1 |1530.0{160.0, 1.40|0.33(230(0.55| 4.2 |360.0 24.0
Jomamx H6 [26.0(110.0/50.0|11.0{300|20.0|74.0| 6.4 [100.0{180.0 093 /0.71|12.00,1.90| 3.8 1400.0 30.0
bapcroe H7 |220(110.0/51.0(12.0|31.0{31.0|80.0| 4.6 |110.0210.0, 1.10/0.58|5.50|0.85| 3.6 |440.0{ 27.0
Boganoe HS8 (35.0130.0{590|11.0|{37.0(21.0(97.0| 7.6 |93.0 170.0‘_.‘ 093/029/350|/0.73| 46 [380.0(24.0
Xaenesarce HO |27.0(110.0{53.0| 9.2 |28.0|17.0|54.0( 5.7 |21.0|180.0/0.78{0.25(2.50|0.57 | 3.7 [350.0{ 22.0
Anmuze Cyvper | HI11|180(63.0/71.0| 83 (260|260 78.0| 49 (110.0{1400 1.70{041|190(0.67| 3.3 [320.0{18.0
Shickan nnaxop 4

rKocHMan H12|26.0|900(42.0| 88 {250(180/47.0| 5.1 |68.0(110.00.81(0.40|2.60|0.54| 3.7 [310.0{22.0
HEKOCHMAA H13|220(90.0|46.0( 8.7 |250|17.0(45.0| 58 [68.0|110.0/0.810.32(230|0.54| 3.5 |300.0: 21.0
OcHumnx H14|27.0120.0/54.0/13.0({340|200(57.0| 6.1 (110.0{170.01.20/036(2.70(/0.59| 4.3 4100 26.0
Pesmmmor Sp | H15|24.0(110.0/55.0|13.0(350(250/85.0| 6.2 {170.0[200.0 095/0.54|6.40|1.90| 4.1 [420.0{28.0
Kocuno H16(22.0/110.0{53.0|13.0(320(22.0/61.0| 6.0 |110.0210.0 097 |0.34|2.30|0.57| 3.7 |420.0{24.0
Bopooseno H18(2900(1200/55.0(11.0|/360|210/63.0| 84 |1920(1400093/0290(260|066 4.4 [330.0,220
Bucnoe H19|29.0(120.0/57.0/12.0/34.0|19.058.0| 7.6 |100.0/180.0 0.86|0.29(2.50(0.61 | 4.3 [400.0{ 24.0
Epemxsunor | H21|21.0|890(94.0|11.0|38.0(34.0|73.0| 7.8 (110.0230.0,3.00|/029|2.50|0.68| 3.9 |390.0] 20.0



Seasonal dynamics of NDVI on
monitoring sites of the reserve
"Yamskaya steppe" in 2015

Figure in the upper left corner — site
code,

points — experiment,

solid line — by growth equation,
dotted — confidence intervals for the
model.
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Seasonal dynamics
of NDVI on
monitoring sites of
the reserve
"Yamskaya steppe"”
in 2016

Figure in the upper left
corner — site code,
points — experiment,
solid line — by growth
equation, dotted —
confidence intervals for
the model.



Parameters and special points of the model of seasonal dynamics of
NDVI in 2015 for monitoring sites in the reserve " Yamskaya steppe".

[Tnomanka | A B k |t |t |ty |t |t
1 4. 4558E+20 11.3 29421 |15 |19 |23 |26 |33 |40
3 1.13383E+12 6.6 17898 |13 |17 |23 |27 |37 |46
4 1.43262E+20 11.1 | 287.77 |15 |19 |23 |26 |33 |40
5 1.21225E+13 7.2 19396 |13 |18 |23 |27 |37 |45
6 1.26601E+15 8.4 214,14 |13 |17 |22 |26 |34 |41
7 1.72088E+14 7.9 203,57 |13 |17 |22 |26 |34 |42
8 8.40699E+13 1.7 197,22 |13 |17 |22 |25 |34 |42
9 2.22861E+17 9.5 249.76 |14 |18 |23 |26 |34 |42
11 2.88441E+17 9.6 24736 |14 |18 |23 |26 | 34 | 41
12 10300488106 5.7 148,39 |12 |16 |21 |26 |36 |46
14 5.98236E+15 8.7 22278 |13 |17 |22 |26 |34 |41
15 1.3584E+12 6.7 174.69 |12 |17 |22 |26 |35 |44
16 2.39318E+14 7.9 206,95 |13 |17 |22 |26 |35 |43
18 6.5497TE+11 6.5 173,02 |12 |17 |22 |26 |36 |45
19 5.89194E+18 10,3 | 274,31 |15 |19 |24 |27 |35 |42
21 1.36096E+15 8.3 224,30 |14 |18 |23 |27 |36 |44
32 25598603871 5.7 154,57 |12 |17 (22 |27 |37 |47
33 48121697048 6.0 154.83 12 |16 |21 |26 | 36 | 45

35 9.40488E+19 11,0 281.19 |14 |18 |23 |26 |33 | 39




Parameters and special points of the model of seasonal dynamics of
NDVI in 2016 for monitoring sites in the reserve " Yamskaya steppe".

[Tmomanka A B k t, t, t, t, f i
1 1.73198E+11 6,3 15725 12 16 21 25 34 43
3 783228.5986 3.3 92,73 10 15 20 28 42 55
4 1.91265E+11 6,3 15924 12 16 21 25 35 43
5 5212185.434 3,7 103,89 10 15 21 28 40 52
6 612941042.9 49 12424 11 15 20 25 35 45
7 255097067.1 47 12346 11 15 21 26 37 48
8 2.81212E+12 7.0 171,73 12 16 21 25 33 41
9 1.23954E+11 6,2 15499 11 16 21 25 34 43
11 1.95226E+12 6,9 173,00 12 16 21 25 34 42
12 27963592219 6.0 13798 10 14 19 23 32 40
14 18487714512 5,8 138,58 11 15 19 24 33 41
15 2.67229E+13 7.6 17544 11 15 20 23 31 38
16 23406329.78 4,1 10791 10 15 20 26 38 48
18 19633438029 58 14148 11 15 20 24 34 42
19 2.01856E+15 8.6 203,79 12 16 20 24 31 38
21 1.26256E+15 8.6 199.09 12 16 20 23 31 38
32 7.36107E+11 6,7 156,61 11 15 19 23 32 39
33 325369.0877 3,2 81,31 9 13 18 26 38 50

35 4,49143E+11 6.5 162,19 12 16 21 25 34 42
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Parameters and singular points of the equation of NDVI response on the

resulting concentration of heavy metals Z in the soll for two seasons (2015,

2016) in the reserve "Yamskaya steppe".

I'om |Hemema | A B |K q,/z, | 3 | 3, z, Z, - Zg

2015 | 13 278218.1 4 165 |0.,01 6.3 | 9.2 12,5 | 16,8 | 244 |31.6
2015 |24 1,18E+12 |8 | 122 |0.03 80 | 10,6 | 138 | 16,2 |21.7 |26.8
2015 |28 137E+11 |7 | 114 |0.03 79 10,6 | 138 | 164 [222 |27.6
2015 |30 131E+12 |8 | 125 |0.03 83 | 11,0 | 142 | 16,7 [224 |27.6
2015 |32 325E+11 |7 | 120 |0.03 82 109 | 14,1 | 16,8 |22.6 |28.0
2015 |35 1.71IE+09 |6 |97 |[0.02 7.4 |10.2 | 13,5 | 16.5 | 229 |28.7
2015 | 38 86.21018 1 |24 0,02 3.4 159 |8.7 16.2 | 26.5 | 36.5
2015 |40 3177799 |3 |40 |0.01 48 |75 |10,6 | 16.0 | 24,6 |32.8
2016 |26 36,84956 |1 |21 |0.03 33 16,0 |90 |199 |33,7 |47.7
2016 |28 296E+16 |10 | 168 | 0.03 9.1 |11.6 | 14,7 | 16,6 |21.6 |26.1
2016 |30 596E+17 |11 | 181 |0.03 93 | 11,7 | 147 | 16,5 |213 |254
2016 |37 9.59E+19 |12 | 200 | 0,02 93 | 11,7 | 145 | 16,0 | 204 | 242




The dependence of basal respiration on the concentration of metals in the soil

baszaasHoe abix. C, MEr/r/q vs. Pes. RoHI. Beex MeTa 108, MRT/T with 95% confidence intervals
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The dependence of substrate-induced respiration on the concentration of metals
in the soil

CyocTtp. mHayN. abix. C, MRr/T/4 vs. Pe3. koHI. Beex MeTaLmoB, MKT/T with 95% confidence intervals
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Generalization of the dose-response equation

X = i y — i
Zmax qmax
~ NDVI
$s= NDVI

_ basalrespiration
1 — i .
basal respiration,__,

_ Substrateinduced respiration
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Combined graph of NDVI (Row 3), basal respiration (Row 1), and substrate-
iInduced respiration (Row2) versus resultant heavy metal concentrations in soil (in
normalized variables)
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Results:

1. The growth equation is adequate to experimental data on the seasonal
dynamics of the vegetation index NDVI in the vicinity of mine working.

2. The dose-response equation is adequate to the experimental data on the
dependence of the vegetation index NDVI at a fixed time on the resulting
concentration of substrate components.

3. The dose-response equation is adequate to the experimental data on the
dependence of the basal and substrate-induced respiration in soll at a fixed
time on the resulting concentration of substrate components.

4. Normalized values of the substrate induced respiration and vegetation index
for the same soil samples from the vicinity of mine working are generalized
In the framework of the theoretical model.



Conclusion:

1. Seasonal dynamics of the NDVI at all monitoring sites is a subject to the laws
of conservation of mechanics and macroscopic kinetics of biological reacting
systems. This means that the six singular points of the model separate seven
growth phases posessing characteristic features of macroscopic kinetics.

2. This also means that at a fixed time in the phase plane, the dose-effect
biological response (in the form of NDVI or microbial soil respiration) to the
Increasing concentration of the leading components of the substrate first
naturally increases, reaching a maximum, and then decreases.

3. Such a natural change in the biological response to the increasing impact
makes it possible to identify the threshold concentration of toxicants and to rank
solils according to the content of pollutants on the basis of singular points of the
model.



Thank you for listening.



