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verview

* Natural organic matter: what it is?
* Optical and luminescent properties of NOM

e Case study: Absorption and Fluorescence Proxies to
Characterize Source Organic Matter of Humic
Products
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NOM is a product of plant and animal tissue decay, and is of pivotal
importance in the environmental status of an eosystem.
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Soils: Sediments: Natural waters:

Podzols 3% Lignite 90% Sea waters 0,3x103%
Cambisols 6% Peat 60% River waters 2x10-3%
Chernozems 12% Peloids 70% Bog waters 2x10-2%

NOM is found in soil, sediments, and natural water and consists of HUMIC

SUBSTANCES and individual organic components
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Size range of particulate (POM) and dissolved organic matter (DOM) and organic compounds
in natural waters (Thurman, 1985)
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Lignin — tracer for terrestrial OM

e (Carbohydrates
 Proteins and Amino Acids

 Hydrocarbons and Fatty Acids !

* Pigments 0= Log

Humic
substances

HedpakunonmpoaHHoe npupoaHoe OB cogepxut B (TK+PK) n HOC
NOM contains individual organic compounds and humic substanses
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Terrestrial

result of biological degradation and progressive
concentration of organic compounds particularly
resistant to degradation. Degradation of vascular
plants furnishes DOM containing approximately 10 %
proteins, 30—-50 % carbohydrates (mainly cellulose),
some lipids concentrated in the roots and leaf cuticles,
15-25 % lignin, and other biomacromolecules

Geological

Most stable organic compounds, mostly HA

Aquatic

Formed as a product of the biochemistry of life forms,
for example diatoms, bacteria, algae, or microfauna.
These may either actively release organic matter or
undergo natural decay after cell death; their metabolic
diversity is one of the factors resulting in the
heterogeneity of DOM.

Marine DOM is subjected to much faster dynamics
because it is dissolved in a water mass. DOM is
therefore transferred in larger amounts than SOM, and
its availability for enzyme activity, oxidation, or metal
complexation is significantly larger than that of SOM.

I'VMHHOBBIE BEITIECT BA

Cocroar

HazeMHBIE H TPYHTORBIE BOIBI:
PeKH, 03epa, MOpH, OKeaHbl.

BOJTHBIE

B ocHOBHOM H3 P K.

A1T0XTOHHEIE ABTOXTOHHEIE
IIpHBHECEHHLIE H3 IOYE. DopMHPYHTCH NPH
COoCTOAT B OCHOBHOM H3 JIHTHO- I'YMH(HKANHH BOJHBIX
NPOTEHHOBBIX KOMILIEKCOB opraauiMoB. COCTOAT B

OCHOEBHOM H3 YIJICBEOOHO-
ONPOTEHHOBLIX KOMILICKCOE
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Figure 1 : Postulated relationships between different humic substances

Humic substances
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Chemical properties of humic substances (Stevenson 1982)

For DOM to have chromophoric properties it must
contain unsaturated and conjugated groups, for example
aromatic or quinoid structures.
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Moka3satenb |Cnocob onpeaeneHusa unm pacuyera NMosacHeHue

(1o e Tornowenue npu 240, 254, 267, 270, 280, 400, 465, 472, 600, 650 1 665

apcopbums HM, HOPManW30BaHHOE MO cofepyKaHuio [K B pacTtBope, mMr/n

SUVA,., MornoweHune Ha 254 Hm , HOpManu3oBaHHOe Mo coaepKaHuio C B
pactsope, mr C/n (A254/DOC)

_ OTHOLWEHME BeIMYMH noroleHusa npm 250 n365 Hm, (A250/A365)

_ OTHOLLIEHME BENUYMH NOrAoLLeHUA npu 465 M665 Hm (A465/A665)

|5270/400 OTHOlWeHMe BennymH nornouteHus B UV-Vis obnactu gns
COOTBETCTBYIOLUNX AJIUH BOJIH

|5280/472 OTHOWeHMe BennymH nornouteHus B UV-Vis obnactu gns
COOTBETCTBYHOLUNX AJIUH BOJIH

Ezso/sss OTHOLWeHMe BennymH nornouteHus B UV-Vis obnactu gns
COOTBETCTBYIOLUMX AJIUH BOJIH

Alog K Alog K = log A400 — log A600

HaknoH be3pasmepHoe OTHOLIEHME HAaK/IOHOB B KOPOTKOBO/IHOBOM (275-295 HM),

CNEeKTPaNbHOIi W AANHHOBONHOBOW (350-400 HM) obnacTax

KpuBOiA, Sr

FDRz40/zso OTHoweHune amnantya npy 280 1 240 HM B CNEKTPE NPOM3BOLHOM
nepBoro nopsaKa. AHanor Sr, HO BbluMC/EH B 6onee Y3KNX CNEeKTPasibHbIX
MHTEepBanax

OTHOLWEHMe amnanTya Ha 267 1 280 HM B CNEKTPE NPOU3BOLHOMN BTOPOro

sD R267/ 280

nopsagka

06Lme XapaKTepUCTUKU

MNokasaTenb cteneHn apomaTtuyHoctu POB

Koppennpyer c MonekynfapHOI Maccoin U apomaTUyHocTbio B
Koppenupyet ¢ BO3pacTtom u cTeneHbio apomatmyHocTu MK n OB;
MCMONb3YeTCA KaK NoKasaTenb rymmbuKaumm

XapaKTepu3syeT gerpagaumnio GeHonbHOro/XxnHoHHoro agpa MK go
NpocTbiXx GeHON-KapOOHOBbIX CTPYKTYP

OTparkaeT COOTHOLIEHME MEXKAY MNTHUHAMMU U APYTUMU
maTepuanamMum HavyabHOM CTaauu rymmbuKaumm

lNoKa3blBaeT COOTHOLWEHME MeXAY HETYMUDULMPOBAHHbIM U
ryMMoULMPOBaHHbIM MaTepManom

MoKa3blBaeT HaKNOH CNEKTPabHOM KPMBOM B onpeaeseHHOM
MHTepBane. CBA3bIBAIOT CO cTeneHbio rymmnomnkaumnm OB
OnucbiBaeT GOpMy CNEKTPANbHON KPUBOIA; HE 3aBUCUT OT
KOHLeHTpauun POB, TpaKTyeTcA KaK MOKa3aTeNb WCTOYHMKA,

KayecTBa un guareHesa POB

XapaKTepu3syeT U3MEHEHWE HaK/IOHa B CNIEKTPax NOrMOWEeHUA NpK
onpeaeneHHbIX ANNHAX BOJH, BbIBPaHHbIX B KaYecTse Mney B
NPOU3BOAHOM CNeKTpa NepBoro nopsaka.

MpousBoaHas BTOPOro MoOpAAKa MCMO/b3yeTcA ANA paspeLleHus
NepeKpbIBAOLMXCA MWKOB B BUAE MJeYa B WMCXOAHbIX CMeKTpax

MOrNOWeHus.
M



bjective

to determine indicators using absorption and fluorescence spectra in
combination with derivative spectroscopy that might serve as tools to
compare HPs from various environments

e Materials

Humic products from:

- coalified materials (brown coal and leonardite): 4 samples

- Peat (3 samples) , lake bottom sediment (1 sample) .
- organic waste material (lignosulphonate) ‘
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Absorbances normalized by sample weight are the highest for HA from coal-derived HPs
and about 2-2.5 times lower for HA from other HPs over all the spectral range
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E2:E3 E4:E6 SUVA254 E270/400 E280/472 E472/665  Alog K = log A400 Sr
(A250/A365) (A465/A665) (A254/DOC) — log A60O

BC-EnK m®mBC-EnNa ®mBC-HumNa mle-PhK m Pe-EcoK m Pe-EdaNa Pe-FlexK Sa-Bigk OW-LhK

Eososes Eo:Esn E4Eg Alog K and Sr have close magnitudes for studied HA derived from HPs from fossils,
peat and sapropel and may not be used for the discrimination of peat from fossils HPs.

SUVA, E,-0/400: E2so/a7, Showed a higher descriptive ability for identification of OM-source of HPs.
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Second-order derivative
derived humic products those spectra in the UV

spectral range
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In UV-region spectra of some HA give weak maxima or shoulder around 230 and 280 nm, which can
be seen much more distinct as extrema in the second-order derivative of the optical density. The
most distinct maxima are observed for the HA from lignosulphonate-derived HP at 230 and 285 nm.

The reason is presence of low molecular weight phenolic compounds.
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second-orders derivatives of absorption spectra for solutions
HA (C = 10 and 20 mg/L) isolated from various humic products

FDR 507240 SDR,67/220

SDRgrzs0

FDR:g00240
1]

=C=20 mgh

BG-EnK BC.EnNa  BC-HumMa Le-PhK Pe.Ecok  Pe-EdaMa  Pe-FlexK Sa-Bigk o BC-EnK BC-EnNa BC-HumNa  Le-PhK Pe-EcoK  Pe-EdaMa  Pe-FlexK Sa-Blgk OW-LhK

According to values of FDRg(/549 and SDR,4;/,4, all the studied HA can be segregated in three
groups:

(a) from fossil-derived HPs,

(b) from peat- and sapropel- derived HPs,

(c) from lignosulphonate—derived HP.

Those indexes show good ability to classify the samples independently of HA concentration in
solution.
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Fulvic acids, humic acids and proteins
(due to the presence

of phenylalanine, tyrosine and
triptophane) are fluorophores

Structures of some common aquatic
fluorophores

Structure of tryptophan, tyrosine, phenylalanine
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Theoretical humic acid
Stevenszon, (1082) cited in Aithen e al., (1885)
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Theoretical fulvic acid
Bufis, {1877 ) cited in Aitken et al., {1885)
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in HA, isolated from peat- and

lignosulphonate-derived HPs, fluorescence maximum was
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Exciation Wavelengthnm

TETX Major fluorescemt components in bulk seawater. FDOM compo-
B4573  pent peaks arc designated by letters because the actual chemical
713 composition is unknown at this time

@90 peak  Ex,,, FEm,,

aen (nm) (am)

se B ] 275 310 Tyrosine-like, protein-like
o | 275 340 Tryptophan-like, protein-like
w2 A 260 380-460  Humic-like

wiE M 312 380-420  Marine bumic-like

w1 C 350 420-480  Humic-likc

074
200 325 30 375 W0 @5 ©BO 476 500

Emession W avelangth nm

EEM showing common EEM features and the position of peaks A, C,

B and T as named by Coble, 1996

(Hudson et al 2007)
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Region Chemical composition of organic
matter

| (P1):
Ex:Em 200—
250:280-330

Il (P2):
Ex:Em 200—
250:330-380

[l (SMP):
Ex:Em 250—
340:280-380

IV (FA):
Ex:Em 200-
250:380-500

V (HA):
Ex:Em 250—
500:380-500

lower molecular weight tyrosine-like
aromatic amino acids

£ 350

£,
low molecular weight aromatic £
proteins &

()]

3 200

©
large molecular weight peptides and 2
proteins (microorganism related by- =
products) g 250
fulvic acid type substances -

200

300 350 400 450
Emission wavelength (nm)

humic acid type substances

Five EEM regions from the surface water of Site 33137
(regions plotted according to Chen et al., 2003) (Aryal
et al 2014)

SMP, soluble microbial by-product; FA, fulvic acid; HA, humic acid, P1 and P2 = proteins,
Ex = excitation, Em = emission,

fppt.com



Em wavelength (nm)

Ex wavelength (nm)

|
EM fluor

EEM fluorescence spectra of DOM

collected in the lakes Hongfeng and Baihua showing

the excitation/emission (Ex/Em) positions of

» fulvic acid-like (peak M, peak A),

« autochthonous DOM or fulvic acid-like (peak C),

 tryptophan-like or anthropogenic DOM (peak T
and peak Tw) fluorescence (Fu et al 2010)
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hank you for your attention
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