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What humics are?

Humic substances
are high-molecular-welght polymers originating from
decomposition of organic matter
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Soil: 85-90% ’ ’ \Water: 60-80%
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HS properties

% Polyfunctionality; -COOH, C, -OH,
>C=0, -CH_

¥ Presence of hydrophilic and
hydrophobic moieties

¥ High molecular weight

¥ Surface activity

¥ Redox activity
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~ Humics: prerequisites for usage

HS can be found
everywhere

l

HS are
polyfunctional

HS can interact
with biota

l
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HS possess
bioactivity
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#HS are promising agent for usage in
agriculture, veterinary, and medicine
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Humics as biological agents

Positive

Negative

& Agriculture

© Growth stimulators

ZInhibiting activity

£ Veterinary

© Antidiarrheal

© Analgesic

@ Immunostimulatory
© Antimicrobial

ZNegative effects
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How to trace humics?

Isolation from Synthesis from
labeled substrate Precursors

Paolymerization
140, gr T5]-
phenols, proteins,
sugars efc.
presence.

Introduction 23

140 or 15N

labeled )

substances Composting, Precipitation,
HS isolation HS isolation

M, g -
14C or N analogues of humic substances

# Direct radioisotope labeling of HS is deadly needed
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Why tritium?

% The decay is a simple one-step process
H>Het+ B +v,

¥ Energy of B-radiation is 18 keV

¥ B-particles path length in condensed media
reaches 1.6 um

% Tritium that is bound to a substance is best
measured by liquid scintillation counting
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Preparation of 3H-HS

Tritum thermal activation method

Tritium Atomic
tritium
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Tungsten filament, H,—>2H

1900-2000K 3H + RH —> Re + 3HH
Re + 34 = R3H

?

Dialysis, - 3 |_|_ HS
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SEC analysis of 3H-HS

Wrong conditions of tritium introduction

>

A4 Parent HS Radioactivity Labeled HS

Woml Womi
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# SEC analysis can be used to study 3H distribution
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SEC analysis of 3H-HS

Wrong conditions of tritium introduction

i

A5 Parent HS AZEA Parent HS
Labeled HS

Yol

Woml
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* SEC analysis can be used to study HS alteration
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SEC analysis of 3H-HS

Uv-detection

Labeled HS were
identical to parent
Parent HS
Labeled HS
v
UV -detection Radioactivity =% = ;
o Tritium was uniformly
A distributed in HS
UV-detection o
Radioactivity ! '
detection :' 5
i ]
i‘ ;
oo --l' “m- it

*Tritium gas pressure 0.5 Pa, tungsten filament temperature
1950 K, duration of bombardment 10 s
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' H introduction vs HS properties

07 - Specific Radioctivity, TBgfig
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* Universality of the developed technique for radioactive
labeling of HS
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SH-Humics: properties

¥ High specific activity:
0.14-0.63 TBg/g HS
¥ Uniformly distributed radioisotope
¥ No significant changes as
compared to parent HS
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H-HS: to learn new about humics

Scintillation phase method

Liquid scintillation counter
g - counting efficiency; a - specific radioactivity of HS

D). 121007 LR FT-LMe-0 5 L7-5 Farawd of Rdivvsaly vl ead Muceor CRees ey, Fel 288 Mo 2 2008} 304-300

Scinfillation phase method:
A new approach for stmdying surfactant behavior at iquid liquid interface
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Hydrophobicity of HS

Kow - distribution coefficient between octanol-water phases

Hydrophilic Hydrophobic

29 latKem)

SoilHS CoalHS
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Peat HS

v/ 4

1 2010

e
sucrose
glucose
SFA-Pg-96
SFA-CH-00
SHA-CH-00
PHA-SK3-00
CHA-Pow
PFA-Sk3-00
glyceral
sthanal
2-UTH-quinoline
dikegulac

M-acetyl-L-tyrosine
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Surface activity of HS

I'max - the maximal adsorption value on toluene-water interface

0,10 4 |=t==waler/cclanol
=== watertoluens

20 40 50 80 100
Cw(HS), mg/L

soll FA < soll HA < coal HA < peat FA < peat HA

0
@

L | o ]

[= o

o r2
-

[ max can be used as a quantitative characteristics
of surface activity of HS
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nteraction with bacteria:

bioassay design

Test-object. £ col " N ,','

; : uﬁi
" A
.f§§§§i
.:'in..:':E'ﬁ:' Escherichia

coli XL1
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nteraction with bacteria:

bioconcentration factor

QDD r HSUDTEKE. mgﬂ_

@ FeatFA ® Coal HA ® Soil HA ® Soil FA

150

100

20 1
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HS ptake = BCF x [HS]
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ﬁ nteraction with bacteria:

quantitative estimation

BCF, L/kg 0.9 -131

HS sorbed at 50 mg/L,

o/ 1-62

HS sorbed at 50 mg/L,

mg/(kg cells) 3= 120

HS penetrated at 50 mg/L,

mg/(kg cells) £ 1e
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ﬁ nteraction with bacteria:

HS uptake vs. HS properties

Amount of HS penetrated, malkg

180 r=0.97
150
120

90 | ®

60 - L

30+

..
I:I I I 1 I I
0 05 1 |5 2 25
Tmax, mgfm2
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¥ Surface activity was a leading property of HS Influencing
their interaction with £. coli

Hi 201



22/33N_j
Interaction with fungi:

bioassay design

Test object: white-rot fungi
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_ Interaction with fung:

quantitative estimation
Sorbed, mg/kg 190 - 800
HS penetrated at 50 mg/L, mg/kg 70 - 130
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nteraction with plants:

bioassay design
/]

Test-object: wheat |

HS concentration:
50 mgl

Growing: ;
Knopp nutrition solution Autoradiography
Soaking:
distilled water J

1

—

25°C.72 h

A

Equilibrium
concentration of HS
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nteraction with plants:

| R2=0.98 Peat FA ] R2=0.96 Coal HMA
i F
\ i 4
A 4 2 - E g
z & : : : : i A : : : ; |
- 10 20 a0 40 50 0O 10 20 a0 40 A
. PeatHA . | Coal 1 HMA
30 - R2=0.91 s i R2=0.97
= 4 A ¢ i
el @ . /{;H’i—+
0 . . . . , 0 @ . . . . ]
0 10 20 a0 40 A0 0 10 20 30 40 A0
#* Kinetics of HS uptake by plants can be described using
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Michaelis-Menten equation

#* Uptake of HS by plants is hypothesized to be
carrier-mediated (transporter-limited)
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nteraction with plants:

HS uptake vs. HS properties

Km, mayl e
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* Hydrophobicity was a leading property of HS influencing their
Interaction with wheat plants
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nteraction with plants;

visualization
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¥ Tritium autoradiography can be used for visualization of HS
Interaction with plants
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utoradiography treatment:

quantification
22D D—dx-hl[il_j;l}rx(}

R2= 0.9995

20 40 60 80 100
Luminosity

|

* Autoradiography results can be quantified
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nteraction with plants:

detailed visualization

/
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Dapexestshmts: 80

* HS are mainly accumulated in the apexes of the both shoots
and roots
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nteraction with plants;

lipids extraction
Neutral lipids Phosphohplds
§ . =

Conferenc

% 3H HS can be detected in plant extracts
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'H-HS: future prospects

for medicine studies

SH-HS in medicine studies
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Autoradiography Pharmacokinetics

Microautoradiography

Pharmacodynamics

Mechanism of HS biological activity?
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Tritium autoradiography

200°C, 2 min

D
— - || =
i 1
Vo

Determination of optical density D
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Tritimm Labeling: A Unique Tool for Studving the Belavior
of TTummic Sulslances in Living Systems
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