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CONTRIBUTION OF HUMIC ACIDS
TO THE REMOVAL OF SOME HEAVY METALS
BY CHEMICAL PRECIPITATION

The objective of the study reported was to determine the effect of humic acids on the removal
of lead, copper, zinc, and nickel ions from aqueous solutions either by pH adjustment and
sedimentation or by pH adjustment and filtration through a filter paper. When analysing the data
sets obtained, it becomes obvious that the presence of humic acids influences the efficiency of lead
and copper ions removal, but is without any effect on the removal of zinc and nickel ions. This fact
is in agreement with the series of proneness of these metals to form metal-organic complexes with
humic acids (Pb* " > Cu®* > Zn"* > Ni**). Zinc and nickel ions are removed from aqueous
solutions predominantly in the form of slightly soluble inorganic compounds, irrespective of the
efficiency of humic acid removal. The opposite holds for lead and copper ions which are removed
together with humic acids.

The presence of humic acids brings about an increment in lead and copper ions removal at acid
reaction, which creates favourable conditions for the formation of metal-organic complexes.
At pH greater than 7.0, the presence of humic acids accounts for a distinctly poorer increment in
the removal efficiency of lead and copper ions because in this range of pH the stability of humic
acids is high, the efficiency of metal-organic complex formation has a tendency to decrease and
there exists a competitive fixation of lead and copper ions to inorganic ligands. )

Owing to the interaction of humic acids with lead and copper ions, both the heavy metals
contribute to the increase in the efficiency of humic acid removal (particularly under acidic
conditions) by destabilization of negative organic colloids.

1. INTRODUCTION

The mechanism governing heavy metal (HM) removal from and aquatic environ-
ment with no organic ligands by means of chemical precipitation is well understood —
pH should be adjusted to an optimal value for the precipitation of slightly soluble
heavy metal compounds, and the sediments thus obtained should be removed as
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effectively as possible. But the problem of heavy metal removal becomes sophisti-
cated when the aqueous solution contains organic ligands which are ready to form
metal-organic complexes. Of the various organics present in natural surface waters,
humic substances (naturally occurring organic ligands) play a certain role in the
removal of heavy metals. The interaction between humic acids (HA) and heavy
metals may create favourable conditions for the formation of organo-metallic
complexes. There is a competitive fixation of heavy metals to organic and inorganic
ligands.

The literature contains several references ([1]-[7]) on the formation of me-
tal-humic acid complexes in aquatic systems and soils. Attempts are also made to
explain the mechanisms involved, but the explanation is still far from being
satisfactory. Different conclusions are reported on the contribution of humic acids to
the efficiency of heavy metal removal. While some investigators [8]-[10] believe that
the presence of organic compounds has an unfavourable effect on the removal
efficiency, others [2], [6], [11] claim to have observed the opposite. In general, the
problem calls for further study.

In this paper, the contribution of humic substances to the removal of lead,
copper, zinc and nickel ions by pH adjustment and sedimentation or filtration is
described.

2. EXPERIMENTS AND DISCUSSION OF RESULTS

2.1. METHODS AND PROCEDURES

The experimental solutions were polluted with humic acids and lead, copper, zinc
and nickel ions. The treatment process involved either pH adjustment followed by
2-hour sedimentation or pH adjustment and filtration on a filter paper, pH was
adjusted, using aqueous solutions of sodium hydroxide and nitric acid.

To determine the influence of organic ligands on the removal efficiency of the
four metal ions, concurrent experiments were run on aqueous solutions with no
humic acid content. In one of her earlier studies [12], the writer found that the
coexistence of the said metal ions with humic acids in the aqueous solutions created
favourable conditions for the formation of metal-humic acid complexes (colloids,
readily and slightly soluble compounds). The volume of the agglomerates produced
depended on the heavy metal, as well as on the ligand and pH involved.

Taking into account the proneness to form complexes, the heavy metals of
interest may be arranged in the following series: Pb** > Cu** > Zn** > Ni* ¥,
which is in agreement with the series reported by Van Duk [13]. The pH value at
which the formation of lead—humic acid and copper—humic acid complexes was the
most intensive varied from 5.0 to 7.0 or 8.0, the metal-stabilizing fractions being
primarily humic acids and hymatomelanic acids (which display a slight water
solubility).
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2.2. AQUEOUS SOLUTIONS WITH NO ORGANIC LIGANDS

The effect of pH adjustment and 2-hour sedimentation on the removal efficiency
is plotted in fig. 1. As shown by these plots, the metal ions of interest are removed
predominantly in the form of slightly soluble hydroxides. pH values in the case of
precipitation of slightly soluble lead and zinc hydroxides should not exceed 10.0
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Fig. 1. Effect of pH on the precipitation of slightly soluble inorganic lead, copper, zinc, and nickel
compounds
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because pH greater than 10.0 accounts for the origin of water-soluble plumbites and
zincates. Copper ion and nickel ion removal efficiencies increase with the increasing
pH until the value of 12.0 is achieved.

2.3. AQUEOUS SOLUTIONS CONTAINING ORGANIC LIGANDS

Experiments involving water samples polluted with humic acids have shown that
the presence of organic ligands influences the efficiency of heavy metal removal.
Thus, the contribution of humic acids was very high in the case of lead and copper
removal. There was no such contribution when zinc ions or nickel ions were
involved. This behaviour is in agreement with the established series of readiness to
form complexes (Pb** > Cu®™* >Zn"" > Ni""). The effect of humic acids (peat
extracts in a conceniration amounting to 2.465 g m™~?) on the removal of lead ions
and copper ions during pH adjustment and filtration is plotted in fig. 2. As shown by
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Fig. 2. Effect of humic acids on copper and lead
removal during pH adjustment and filtration

Fig. 3. Effect of initial humic acid concentration
on lead, copper, zinc, and nickel removal from
solutions with adjusted pH
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these curves, the presence of humic acids brings about an increase of the removal
efficiency (especially of lead ions) in an acidic medium, and a decrease at pH > 7.0.
The removal efficiency curve also shows that the heavy metal ions under study are
removed in the form of metal-organic complexes and that the stability of these
agglomerates at a natural pH is high. Similar relations have been obtained in
aqueous solutions containing chemical preparations of humic acids (fig. 3). The
contribution of these ligands fails to occur in the case of nickel ions and zinc ions
which are resistant to form metal-organic complexes.
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Fig. 4. Influence of initial humic acids concentration on the efficiency of 2-hour sedimentation

The experiments have also revealed that at pH = 4.0 and pH ~ 7.0 (fig. 4), as well
as at an adjusted pH (fig. 3), lead ions and copper ions are removed in the form of
metal-humic acid complexes, while zinc ions and nickel ions are not; the removal
efficiency of copper—humic acid and lead-humic acid complexes increases with the
increasing initial concentration of humic acids. The decreased concentrations of lead
ions and copper ions at pH = 4.0 are to be attributed to the precipitation of humic
and hymatomelanic acids, along with the heavy meal ions included in them. At
pH = 4.0 lead, copper, zinc and nickel in aqueous solutions with no humic acids
occur in ionic forms and their concentrations should not decrease. This, however,
was not so. Hence, the decrease of lead ion and copper ion concentrations observed
at pH = 4.0 is an indication that the two heavy metals form complexes with humic
acids and are removed via this route.

Most of the lead—humic acid and copper—humic acid complexes which are
formed in the aquatic environment display a low settleability. They may be removed
either by filtration or by co-precipitation with other slightly soluble compounds, at
high concentrations of hydroxyl ions (fig. 5). The plots in fig. 5 (especially those for
the water samples treated by filtration) illustrate the contribution of humic acids to
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Fig. 5. Metal-ion removal as a function of pH

the efficiency of copper ion and lead ion removals. They also show that this
contribution fails to exist when zinc ions and nickel ions are involved. The
favourable contribution of humic acids is particularly pronounced to pH 8.0 (which
creates the most advantageous conditions for the formation of metal-organic
complexes). At natural and alkaline pH (~ 8.0 and > 10.0, respectively) humic acids
persisted in the solution, thus decreasing the increment in copper ion and lead ion
removal efficiency. The concurrent drop in the increment of the humic acid removal
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Fig. 6. Correlations between humic acid removal and lead ion removal (A), and humic acid removal and
copper ion removal (B), respectively

efficiency (specifically at pH > 10.0) is, again, an indication that lead ions and copper
ions are removed in the form of metal-humic acid complexes.

To support the correlation between heavy metal removal and humic acid
removal, equations of linear correlation, probability values and correlation coef-
ficients for the investigated water samples were established. The results are given in
fig. 6.

2.4. EFFECT OF LEAD IONS AND COPPER IONS ON HUMIC ACID REMOVAL

Experiments were run in order to determine the effect of lead ions and copper
ions (occurring in concentrations of about 2.0 g m~?) on humic acid removal from
aqueous solutions after pH adjustment and filtration on a filter paper. The results
show that the contribution of lead ions and copper ions to the removal of humic
acids (peat extracts) becomes particularly pronounced at pH = 5.5. And this should
be attributed to the destabilization of negative organic colloids, as well as to the
formation of metal-organic complexes. The contribution of lead ions and copper
ions becomes less distinct (and directly proportional to their initial concentrations) in
natural pH (~ 8.0).

Two fundamental processes may be regarded as governing such a behaviour: 1)
fixation of lead ions and copper ions to inorganic ligands (and this process gives a
decrease in the concentration of free lead and copper ions which account for the
destabilization and aggregation of humic acids), and 2) dissociation of humic acids.
Under alkaline conditions (pH = 11.0), specifically at increased humic acid concen-
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tration, the treatment effects were poor due to presence of water-soluble
metal-organic complexes which persist in the aqueous solution. But when the
concentration of humic acids was lower than the total concentration of heavy metals,
the presence of copper ions and lead ions had only a slight influence on the removal
efficiency, if at all.

3. SUMMARY

Analysis of results allows the following generalizations:

1. The presence of humic acids contributes to the efficiency of removal when lead
ions and copper ions are involved. There is practically no contribution in the case of
zinc ion and nickel ion involvement. The influence of organic ligands on the removal
of the four heavy metals is in agreement with the ease to form metal-organic
complexes (Pb** > Cu** >Zn** > Ni*t™)

2. Lead ions and copper ions are removed together with humic acids in the form
of metal-organic complexes. Increasing the initial concentration of humic acids
brings about an increase in the removal of lead ions and copper ions.

3. Zinc ions and nickel ions are separated predominantly in the form of slightly
soluble inorganic compounds (mostly hydroxides). Their removal efficiency fails to
depend on the efficiency of humic acid removal.

4. Metal-organic agglomerates display a poor settleability. At pH equal to, or
smaller than, 9.0, they are amenable to filtration and can be removed via this route.
When pH is greater than 9.0, 2-hour sedimentation will suffice.

5. The presence of humic acids increases the efficiency of lead ion and copper ion
removal at pH lower than neutral. The opposite holds when pH exceeds the range of
7.0 to 8.0.

6. The presence of lead and copper ions brings about an increment in the
removal efficiency of humic acids, particularly at acid reaction.

7. Creating favourable conditions for the interaction and co-precipitation of
organic and inorganic complexes and, furthermore, applying sedimentation or
filtration, enable high removal efficiencies to be achieved both for humic acids and
heavy metal ions.
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WPLYW KWASOW HUMUSOWYCH NA USUWANIE
NIEKTORYCH METALI CIEZKICH W PROCESIE ICH CHEMICZNEGO STRACANIA

Okreslono wptyw kwasow humusowych na usuwanie jonéw Pb™% Cu*? Zn*? i Ni*? z roztworow
wodnych w procesach korekty odczynu i sedymentacji lub filtracji przez twardy saczek. Badania
wykazaly, iz ‘obecno$¢ kwasow humusowych wplywata na skuteczno$é usuwania jonéw Pb*? i Cu*?
i pozostawata praktycznie bez wplywu na usuwanie jonéw Zn*? i Ni*2, Oddzialywanie to byto zgodne
z ustalonym szeregiem podatnosci badanych metali do tworzenia potaczen z kwasami humusowymi. Jony
Zn*? i Ni*? byly usuwane gléwnie w postaci trudno rozpuszczalnych polaczen nieorganicznych
niezaleznie od stopnia usuwania ligandow organicznych.

Obecnos¢ kwasow humusowych zwigkszata usuwanie jonow Pb*? i Cu™? w $rodowisku kwasnym,
w ktorym byly warunki powstawania polaczen tych metali z kwasami. Przy pH > 7,0 obserwowano
obnizone usuwanie miedzi i ofowiu w obecnos$ci kwasow humusowych. W wyniku interakcji powyzszych
zanieczyszczen, szczegélnie w srodowisku kwasnym, stwierdzono zwigkszenie efektywnosci usuwania
kwaséw humusowych jako wynik destabilizacji ujemnych anionéw organicznych przez jony Pb*2i Cu*2.

BIIMAHUWE I'YMHWHOBBIX KUCJIOT HA YJAJIEHUE
HEKOTOPBIX TSXKEJIBIX METAJIJIOB
B IMPOIHECCE UX XMMMHNUYECKOI'O OCAXJIEHUA

Ornpe/esieHo BIMSHME TYMHMHOBBIX KHCJIOT Ha ypaaneaue uoHoB Pb*2 Cu*? Zn*? u Ni*? u3
BOJHBIX PACTBOPOB B IIPOLECCAX BHIPABHEHMSI PEAKIMH M CEIMMEHTALMM MM (GUILTPALMH YEpE3
TBEPABIA (uibTp. MccnemoBanus OOGHAPYKHIH, 4TO MPUCYTCTBHE TYMMHOBBIX KHMCJIOT BJHMSJIO Ha
30bekTUBHOCTL yaasienus hoHoB Pb*2 u Cu*? u mpakTHuecku He BJHMANO Ha yaajneHue MoHOB Zn' < u
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Nit2. 310 BO3/eHCTBHE OBUIO COIJIACHO C YCTAHOBJIEHHBIM PSZIOM MONATIMBOCTH HCCIIEYEMBbIX METAJLIOB
K 0Bpa30BAHMIO COE/MHEHMI C TYMHHOBBIMH KHCIOTamMd. MoHBI Zn*? u Ni*? ynansumuce, riaBHbBIM
06pa3oM, B BUJE TPYAHOPACTBOPUMBIX HEOPraHHIECKMX COCTMHCHMH, HE3ABUCUMO OT CTCTICHH y/IaICHHS
OpraHH4eCKHX KOMILIEKCOB.

IMpucyTcTBAE I'YMHHOBBIX KMCJIOT TOBBIIAJIO yNaJCHUE HOHOB Pb*2 u Cu*? B kucno#t cpene, B
KOTOpO# 6bUTH yCIOBHS Ui 0Opa30BaHHS COCAUHEHHH THX METAJUIOB C KHACIOTAMH. ITpu pH > 7,0
HaOTI0ANIOCH IOHWXKEHHOE YIANleHHe MEJIM M CBHHIIA B IPHCYTCTBUH T'YMHHOBBIX KHCIOT. B pesyibrare
MHTEPAKLHH BBIIIEYITOMSHYThIX 3arpsi3HEHHH, OCOGEHHO B KHCJIOH Cpele, YCTAHOBMIJIM TOBBILICHHC
3((EKTHBHOCTH yTalieHdss TYMHHOBBIX KHCIOT, KakK De3yIbTaT ACCTAOMIM3AlMM OTPHIATENHHBIX
OpraHMYecKMX aHHOHOB HoHamH Pb*? m Cu*?2



