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Sulphur Containing Derivatives of Humic Substance
and Their Use for Remediation of Contaminated
Environments
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Abstract — Derivatives of humic substances containing suljph,
and thiol groups were synthesized and their propeiés were
analyzed for their elemental composition; function& group
content changes in spectral characteristics. The deatives of
humic substances showed significant differences ithe number
and in the ability to interact with the metal ions, which were
reflected in their complexation properties towards metal ions.
FTIR spectra gave evidence of the presence of metabns,
strongly bound and protected in inner sphere compbees. The
obtained derivatives of humic substances can be ubkefor
remediation of environments contaminated with heavymetal
ions.
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|. INTRODUCTION

number of methods suggested for derivatization omio
substances is highly limited and their derivatizatin general
has been used mostly for their structural analysis.

The aim of the present study is to develop appresdar
synthesis of sulpho- and thiol groups containingvagives of
humic substances with increased complex formindjtyabn
respect to metal ions.

Il. MATERIALS AND METHODS

A. Materials

Analytical quality reagents (Merck Co., Sigma — ddt
Co., Fluka Chemie AG) were used without purificatid-or
preparation of solutions, high purity water Milligo Elix 3
(Millipore Co.) 10 — 15 M2 was used throughout the study.

B. Studied humic acids (HA) and their characteiat
Humic acids were isolated from a raised bog peaelizs

Humic substances (HS) are high molecular weigl'gog, location depth 150 — 200 cm, age ~ 28@years, peat

refractory polycationites formed during decay ofing
organic matter and through biosynthesis of low maliar
weight organic substances (metabolites or decagiygts of
living organisms) [1]. Humic substances are usuaiyved as
refractory and inert, but they do have numeroustional
groups which influence their behaviour in the eomiment.
Humic substances do contain carboxyl groups, plhereold
carbohydrate hydroxyl groups, amino groups, quic@noups
and reactive positions in aromatic structures Zpsence of
many functional groups in the structure of humibstances
determines their ability to interact with metal $oby forming
stable complexes and influencing metal ions spieciah the
environment and mobility, behaviour and speciafimms in

decomposition degree 10 %, humic acid/fulvic aaitio: 6.8),
purified as suggested previously [9, 10]. Peat Hépprties:
C 45.53 %; H 5.60 %; N 0.47 %; S 0.81 %; ash 1.2%D%er
determined parameters: concentration of carboxybeips 4.2
mmol/g; total acidity 9.31 mmol/g; phenolic hydrdxgroups
5.11 mmol/g.

Elemental compositionCarbon, hydrogen, nitrogen and
sulphur concentrations in the humic acid samplésniental
analysis of C, H, N, S) were determined by comlousgas
chromatography technique, using an Elemental Amalyz
Model EA-1108 (Carlo Erba Instruments). Ash contesats
measured after heating 50 mg of each humic acichkeant
750 °C for 8 h. Elemental composition was corrected

the environment [3]. Considering the complex forgin considering the ash content, and the oxygen amews

properties of humic substances, they are suggédstaase in
remediation of environments contaminated with nseféJ 5].

calculated as a difference.
Total acidity.An automatic titrator TitroLine easy (Schott-

Considering presence and high concentrations of ymagserste GmbH) was used for measuring total aciditg and

functional groups in the structure of humic subsgsntheir
derivatization can be done, unless use of manyatization
reagents is of limited use, considering low soltipiland
presence of labile structures in their molecules.tie other
hand, main complex forming groups in the strucfr@umic
substances (-COOH, -OH and other) are relativedytif6, 7].
Derivatization of humic substances is prospectivar
obtaining derivatives of humic substances for ssidf their
structures, as well as to obtain derivatives witbdified
properties and with prospective areas of use, densig that
large-scale production of humic substances is betaged.
Several studies have been done to obtain deriwatif/élS for
their structural studies [6 — 8]. At the same tithe actual

their modification products. To estimate the tateidity [10],

20 mg of humic acid or its modification product, reve
dispersed in 10 ml of 0.1 M Ba(OH}¥olution, then shaken
overnight under B atmosphere, filtered and washed with
water. The filtrate with the washing solution was
potentiometrically titrated with 0.1 M HCI down foH 8.4

f under N flow.

Hydrophobicity of humic substanceklydrophobicity of
humic substances was characterized by their distoi
between the water and polyethylene glycol (PEG)seba
(PEG 20000, Fluka) [11] as the distribution coédfit Koggw
(analogous to the octanol/water distribution caédfit K,,).
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Infrared spectraFourier transform infra-red (FTIR) spectra Ko CuHA 1
were recorded in the 4000 to 500 tmwave number range by 0= [Cu]- (HA— CuHA) (1)

using Perkin Elmer 400 IR spectrophotometer, in KBHets
obtained by pressing mixtures of 1 mg samples @aimg Where:Cu — total number of moles ofGu

KBr with the precautions taken to avoid moisturéai. HAI\t_ the total number of moles of humic acid in
solution;
C. Modification of humic acids CuHA — number of moles, which are linked in
Synthesis of derivatives of humic acids modifietth wiiol complexes.
groups (1) E. Copper speciation analysis in contaminated soils

To the solution of 10 g of humic acids in 100 ml%f6 _ _ _ _ .
NaOH 9.3 g (0.1 mol) of 2,3-epoxy-1-chloropropanerav The investigated soil was calcareous soil artifigia
added and the suspension was stirred atC@or 6 h. The contaminated with copper at a final concentratiof ing/kg.
weight of 4.8 g (0.02 mol) of N8x9H,0 was added to the Selective fractionation includes, as describedhin literature
reaction mixture and additionally stirred at & for 8 h. The [15], the extraction of easily available copper cfian
reaction mixture was acidified with 6 N HCI to pH The (extraction for 1 h with 8 ml of magnesium chloriselution

precipitated thiol derivatives of humic acids wéiteered off, (1 M MgCl, pH 7.0), carbonate bound metal fraction
the precipitates re-dissolved into 0.1 N HCI andcjpitated (extraction with 1 M CHCOONa adjusted to pH 5.0 with
with 6 N HCI. Precipitates were washed with wateretone acetic acid), metal bound to iron/manganese oxides,
and were dried. The weight of 8.6 g of humic acitslified ©xohydroxides (extracted with 0.04 M NBH-HCI in 25%
with sulpho groups was obtained with the followisigmental (V/V) acetic acid) and metal bound to organic mé&tracted
composition: C - 46.67 %; H - 5.33 %: N - 0.37 %; 567 %. With 0.02 M HNQ and 30% HO; adjusted to pH 2 at 8%
Synthesis of derivatives of humic acids modifiedh wi Or 2 h with occasional agitation).
sulphoalkylgroups

The amount of 10.41 g (0.1 mol) of NaHS@as added to the IIl. RESULTS ANDDISCUSSION
dispersion of 10 g of humic acid in 50 ml of forinaknd then All known structural models of humic substancesgasy
dropwise 10 % NaOH to achieve pH 10 — 12. presence of reactive structures in their molec(fég. 1) and

The reaction mixture was stirred at 8G for 6 h and thus also the ability to obtain derivatives of haraubstances
afterwards acidified with 6 N HCI to pH 1 after tfikration  with highly modified properties. In order to inceeacomplex
process. The precipitated sulphoalkyl humic acidsrew forming capacities of humic substances we haveestgd the
filtered off and washed with water, acetone ancdiriThe modification of HS with strong complex forming gpsi—
weight of 8.6 g of humic acids modified with sulpgmups sulphur containing groups (sulpho- and thiol grup®
was obtained with the following elemental compaositi C increase ability of obtained modified humic substmnto bind
42.91 %; H 5.21 %; N 0.26 %; S 4.76 %. metal ions.

Synthesis of sulphopropy! humic acid (I1l)

The weight of 10 g of humic acids was added inte th
solution of 100 ml of dimethylformamide 1,3-propankone
(Table 1) and was stirred at 7¢ for 8 h. The reaction
product was poured into 1 | of acetone, the préeatigpd
modified humic acids were filtered off, washed witlater,
acetone and dried. Reaction conditions and prasertf
obtained products are summed up in the Table 1.

D. Humic acids-metal complexation.

Study of the interaction between metal ions anditiacids
by using ion selective electrode

Metal-humic binding was analyzed with Consort*Cion
selective electrode (ISE) (pHoenix Electrode CtSE was
filled with 10 % KNQ; solution and conditioned with 5 M
NaNO;. The calibration curve in the 6.3 x4 3.17 x 16 M
Cu* congentratlon range was de_termln_ed‘ 10 ml a“qmbts Fig. 1. Possible structures of soil humic substan@ecording to Schulten
HA solution (10 mg/l) were mixed with 40 ml aliqgot and Schnitzer 1993).
Cu(NG), x 3H,O solution with the final Ci concentration
100 mg/l and held for 24 h. In the filtered solngothe The suggested derivatization approaches (Fig. based
unbound CE concentration was measured with ISE (albn reactions of hydroxyl groups in the structuréshomic
measurements were done in triplicate). substances either with 1,3-propanesultone to obtain

Conditional stability constants were determined fogulphopropyl humic acid (lll), or humic acids madd with
complexation reactions, which can be written ase@uation sulphoalkyl group (VIIl) or using etherification thi 2,3-
(Scatchard equation): epoxy-1-chloropropane and following thiolysis of ogp

group to obtain humic acid modified with thiol gpsu(V1).
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Fig. 2. Modification methods of humic substancethwgulpho (Ill and VIII)
and thiol (VI) groups.

Selection of experimental conditions
lignin/tannin modification reactions, consideringperience of
humic acid modification conditions in previous sasl[6, 7,
13, 14]. Selected derivatization conditions allosv dbtain
sulphopropyl humic acid (lll) with a differing degtization
degree (Table 1).

TABLE 1

CONDITIONS* OF SYNTHESIS AND YIELDS OF
SULPHOPROPYLDERIVATIVES OF HS

0.1 mol 80 8 8.34
0.2 mol 80 8 8.66
0.1 mol 20 25 8.55
0.05 mol 80 8 8.15
0.01 mol 80 8 3.42
0.05 mol 40 8 2.18
0.05 mol 20 8 1.38
0.05 mol 80 4 1.22

Yields of humic acids modified with sulphoalkyl
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Fig. 3. FTIR spectra of obtained sulphur containdegivatives of humic
substances.

Derivatization of humic substances with sulpho gu
significantly influences their hydrophobicity asigdenced by
the changes in their polyethyleneglycol-water disiion
coefficient (Table 2).

is based on

TABLE 2

CHARACTERISTICS OF HUMIC ACIDS MODIFIED WITH
SULPHUR CONTAINING FUNCTIONAL GROUPS

Peat Sulpho - Humic acid Humic acid
HA propyl- modified with modified with
) humic acid sulphoalkyl thiol groups
(D) group (VIII) WD)
Total 8.4 12.3 10.8 8.2
acidity,
mEg/g
K pecw 17.6 21.4 24.6 18.5
Muw, 22.5 18.4 125 15.6
kDa
logK 4.89 nd 4.8 4.97

Humic acids modified with sulpho (lll and VIII) artthiol
(VI) groups have higher metal binding capacitiesl ahe
formed complexes are more stable than with humidsac
Thus the obtained derivatives are prospective fee in
*Conditions of the synthesis in details are desatim Materials and Methods contaminated environment remediation. To test thisyell-
known sequential extraction approach suggested dgsiér

90 and others [15] were used. According to sequertiaiaction

(VIll) or thiol groups are less variable and rattieited by 555r0ach total metal amount in contaminated salhiiled as

experimental conditions, but also allow to
correspondingly substituted substances. Duringvdtziation
process the molecular mass of humic substancesdisced.
On the one hand, it can be explained by destruafdmmic
macromolecules during derivatization process, btihe@same
time disintegration of hydrogen bonds of HA subsimiliow to
use obtained derivatives for structural studiellAf

The obtained sulphur containing derivatives of humi

substances are characterized by determining weggtih
during synthesis, as well as by elemental analySiBIR
spectra.

In FTIR spectra sorption maximum characterizing @S
(780 cm'), S-S (466 cm), organic sulphates (1388 djnand
other bonds can be seen (Fig. 3).

obtainyasjly extractable metals (environmentally most ggaaus

fraction as far as metals present in this fractiom accessible
to soil biota and plants), metals bound to carbesaton and
manganese oxides, organic matter and refractocyidra The
aim of remediation, therefore, could be reductidnnmost
easily available metal fraction.
The speciation analysis of copper present in coimtzed
soil after treatment with peat humic acids and riedihumic
acids (Fig. 4) demonstrates significant reductidneasily
available copper forms in contaminated soils. Thusmic
acids modified with sulpho (lll and VIII) and thi¢V1) groups
are prospective agents for contaminated soil treatmlt
could be expected that after mineralization of hwmcids
presence of sulpho- and thiol groups in humic acdsld
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form stable sulphates or sulphides thus increastaigilization
effect of metal.

80 sample without HA

0 msample with HA

6 B HA with sulpho (III)

groups
O HA with sulpho (VIIT)

& 50 A groups
é{) = HA with thiol (VI)
S 40 A groups
=}
5]
o
5 30 4
23

20 1

0 +— T T
Eagily available Bound to carbonates

Bound toFe, Mn
oxides

Peathumic acids
Fig. 4. Copper speciation analysis of contaminaeils treated with peat
humic acid and humic acids modified with sulphd &hd VIII) and
thiol (VI) groups

Bound to organic
matter

V. CONCLUSIONS

Considering large scale production of humic sulzstan
obtaining of derivatives of humic substances, idicig HS
with modified properties, are perspective and sogtde areas
of use.

The derivatives of humic substances showed sigmific
differences in the number and in ability to intéragth the
metal ions, which was reflected in their complexati
properties towards metal ions.

The obtained derivatives of humic substances cansee
for remediation of environmental contaminated witbavy
metal ions. Modified humic acids with sulpho (llhda VIII)
and thiol (VI) groups have higher metal binding aciies and
the formed complexes are more stable, therefor®lit@ned
derivatives are prospective for remediation of aamhated
environment.
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Maris KlavipS, Diana Dudare, Andris Zicmanis. Humusvielu €ru saturoSie atvasirajumi un to izmantoSana piedrnotu teritoriju
samacija

Humusvielu atvasijumu iediSana ir perspekta un ilgtsgjiga joma,pemot \era humusvielu lielos apjomus apksja vide. Daudzu
funkcionalo grupu khtbitne humusvielu strulita nosaka to sju mijiedarboties ar metu joniem, veidojot stabilus kompleksus un ietefoh
metlu jonu atraSanos védun to mobilifiti. Nemot \era humusvielu kompleksveidoS@raksturu, @s var tikt izmantotas piesotu teritoriju
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rekultivacijai. Petjuma nerkis ir izstadat pieejas humusvielu ésu un tiolgrupu saturoSo atvasjomu sintze ar paaugstitu

kompleksveidoSas sgEju attieaba uz meilu joniem. Rtijuma tika izmantota humusvielu atvagjumu sin€Zzu metode, spekiias anaizes
metode (Fu§ transfornacijas infrasarkai starojuma spektrometrija), potenciometrijas metédent veikta [Etito humusvielu fizikli kimisko

ipadbu izpEte.

Petijuma tika sinteZti humusvielu &ru un tiolgrupu saturoSie atvasjomi un analiztasipa$bas @c to elementsadta, ka ai tika raksturotas
funkcioralo grupu satura izmaas [gc to spekiflajam ipadbam. leditie humusvielu atvasiijumi paida sgju saistties ar metlu joniem,

atkafba no to kompleksveidosas ipa3bam. FTIR spektru anzde pafida mellu jonu saisSanos humusvielu molekulas iej& stras

kompleksos. Modifigtajam humnskabem ar gra (Il un VIII) un tiola grugm (VI) pientt lielaka meslu saistSaris sggja, kur izveidojuSies
kompleksi ir stabiki, tapec petijjuma iegatos humusvielu atvasijumus var izmantot pi@sotu teritoriju safacija. Apstiadajot piesrpotas
augsnes ar ildras humusvi@m un modifiétajam humusvielm, vara koncenicijas noteikis @ formas hitiski samazias, &dgjadi

modificetas humusvielas agg (11l un VIII) un tiola grugm (V1) var tikt pielietotas pigsnotu augfu rekultivacija.

Mapuc KasiBunbm, [Inana Jlynape, Anapuc 3unmanuc. I'yMuHOBBIe BelllecTBa, cojepikallie IPOU3BOAHBIE cepbl, W HX
HCIO0JIb30BAHNE B CAHAIIMH 3arPsI3HEHHBIX TePPHTOPHIi

IMosryueHne NpoM3BOJHBIX I'yMycOBBIX BemecTB (I'B) mepcrneKTHBHO M IUIOJOTBOPHO, YYHMTHIBasl BbICOKOE coiepxanue I'B B okpyxaromieit
cpene. IlpucyTcTBre MHOTHX (DYHKIIMOHAIBHEIX TPYII B CTpYKType I'B onmpexernser nx cmocoOHOCTH B3aNMOJIEHCTBOBATH C HOHAMU METAJIOB,
o0pa3yst yCTOM4NBBIE KOMIUICKCHI M TEM CaMbIM BIIMATH Ha COAEPXKAaHHE M MOABM)KHOCTH MOHOB TSDKEJIBIX METAJIOB B Cpefe. YUHTHIBas 3Ty
KOMIUIEKCOOOPAa3yIOIIyI0 CIOCOOHOCTh TYMYCOBBIX BEIECTB, MOJKHO HCIOJIB30BaTh UX B PEKYJIbTHBAIMU 3aTrPsI3HEHHBIX TeppuTopuid. Llensio
3TOTO MCCIEAOBAaHHS ABIAETCS pa3paboTka cuHTe3a I'B mpou3BOIHBIX Cepbl M THONTPYII C BEICOKOH KOMILIEKCOOOpasyoleil cnocoOHOCThIO
10 OTHOLIEHHI0O K HOHAaM MeTauloB. B mncciemoBanme OBIT HCIOIB30BaH METOJ CHHTE3a IMPOM3BOIHBIX ['B, crekTpanbHbIf aHanus
(cmextpockormst UndpakpacHoro m3nydenus: Tpanchopmanun Oypbe), HOTCHIHOMETPUIESCKHN METO, @ TAKKe OBUTH YCTAHOBICHB! (DU3HKO—
XMMHUUYECKUE CBOMCTBA U3y4yaeMbix I'B.

B mponecce uccnemoBanusi cuHTe3upoBaHbl I'B, coneprkaimiyie IMpOM3BOAHBIE CEphl M THOJTPYIIH, MPOAHATU3UPOBAHEI OCOOCHHOCTH HX
9JIEMEHTHOTO COCTaBa, a TAKXKE OIMCaHBl M3MEHEHHsS (DYHKIMOHAIBHBIX TPYNII MO0 WX CIEKTPaJbHBIM XapakTepucTHkaMm. IlomydeHHbIe
MIPOM3BOJHEIE I'YMYCOBBIX BEIECTB MOKA3aJH CIIOCOOHOCTH CBSI3BIBATHCSI ¢ HOHAMH METAJUIOB B 3aBHCHMOCTH OT UX KOMIUICKCOOOPa3yIOMmuX
cBoiictB. MK-anamm3 @ypbe mokasan cCBS3bIBaHHE MOHA MeTalla BHYTpeHHeH cdepoil kominiekca moinekyns! I'B. MoxuduiupoBaHHEIM
rymuHOBbIM Kucinotam ¢ cepoit (Il u VIII) u tuonrpynmamu (V1) mpucyie BeICOKas CIOCOOHOCTH CBSA3BIBAHHS METAILIOB, 00pa3yroLIHecst
KOMIUIEKCHl CTaOHMJIbHBIE, TI03TOMY IIOJNydeHHble Mpou3BogHble I'B MOXHO HCHONB30BaTh Ul CaHALMHM 3arpsA3HEHHBIX TEPPHTOPHIL.
OOpabartbiBast 3arpsi3HEHHBIC 1O04BbI B Topda m momuduumpoBanHsiMu ['B, KOHLEHTpauuu ompeneneHHbIX (OpPM MeAd 3HAYUTEIBHO
yMEHbIIAIoTCs, Mo3toMy I'B MoamduiupoBaHHBIE TpyNmaMH cepsl M THOJA MOTYT OBITh HCIONB30BAHBl B PEKYJIbTHBAIMU IIOYB.

119



