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CONTRIBUTION OF HYDROGEN ION
CONCENTRATION TO THE REMOVAL
OF HUMIC SUBSTANCES AND SOME HEAVY METALS
FROM AQUEOUS SOLUTIONS

The contribution of pH value to the removal of copper, zinc, lead, nickel, and humic acids (HA)
was determined. Being responsible for the solubility of the pollutants removed, the pH level is the
main contributing factor. It is also the interaction between organic ligands and heavy metals that
influences the removal of lead and copper as well as HA. Each of the four heavy metals under study
is effectively removed at alkaline pH. In the presence of HA, lead and copper are also removed in
the form of metal-organic complexes, particularly at acid reaction. In solutions with and without

~heavy metals, high efficiencies of HA removal are achieved by alum coagulation at pH < 6.0 and
by pH adjustment to about 10. Both precesses were followed by 2-hour sedimentation, which
appeared to be a necessary condition.

1. INTRODUCTION

Removal of heavy metals and humic acids (HA) from aqueous solutions is
a self-evident and a unquestionable necessity. The presence of heavy metals in
natural waters creates serious hazards to aquatic organisms. It is a well-known fact
that HA are precursors of trihalomethanes (THMs) which dangerously affect human
health [1]. HA are also found to interact with other components, thus producing
new compounds which may, in some instances, have an unfavourable influence on
living organisms. The results presented substantiate the possibility of removing
heavy metals and HA by conventional treatment processes. The study also confirms
the contribution of hydrogen ion concentration to the removal efficiency.

2. REMOVAL OF HA AND SOME HEAVY METALS

The experiments were run on three types of model solution samples, which
contained HA, heavy metals (copper, zinc, nickel, lead) and both the pollutants,
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respectively. The contribution of hydrogen on concentration to the efficiency of
removal was estimated for the following processes: sedimentation, filtration through
filter paper, sorption, and coagulation.

3. HA REMOVAL EFFICIENCY

Experiments involving the efficiency of HA removal from aqueous solution
samples have shown that, irrespective of whether heavy metal ions were present or
not, the efficiency of the investigated processes is pH-dependent which means that it
depends far more on the solubility of HA than on any other technological parameter
of the treatment processes involved.

3.1. SOLUTIONS WITH NO HEAVY METAL IONS

Filtration (through filter paper), sorption, and coagulation at a natural pH (ie.,
that of HA stability) were far less effective than at an acid or alkaline reactions (i.e.,
that of decreased HA solubility). Sedimentation failed to be effective in the pH
ranging within 6-9 (fig. 1). HA persisted in the aqueous solution in the form of
dissolved, colloidal and fine-dispersed, poorly settleable particles which were
resistant even to a 2-hour sedimentation. To make the sedimentation process
effective, it was necessary to adjust pH to a level higher than 9.0. In this medium HA
were co-precipitated with CaCO5 and (with increasing pH) with Mg(OH), to yield
good removal efficiencies. Removal of HA at pH adjusted to a level below 6.0 was
less effective than that in the alkaline medium, because coloured fractions alone (i.e.,
humic and hymatomelanic acids) were subject to aggregation and, consequently, to
precipitation.

Similar relations were found to occur during the other treatment processes. In the
pH-range of HA stabilization, some part of the poorly settleable fraction was
removed. Nevertheless, each of the treatment processes failed to yield satisfactory
removal efficiencies in the range of 6 < pH < 9 (10); they were much lower than in
the medium of high OH~ or H' concentrations. The sorbents applied in this study
(pulverized activated carbons (Carbopol Z-4 and Norit) and bentonite) accounted
primarily for the removal of slightly soluble fractions and were particularly effective
at the pH level of co-precipitation with CaCOy and Mg(OH), (fig. 2).

Of the processes under study coagulation (which is strongly pH-dependent) was
found to be the most effective. The highest efficiencies of HA removal were achieved
at pH < 6.0 both with alum and ferric sulfate. Coagulation conducted at an
optimum pH yielded a decrease in permanganate COD, colour intensity, and HA
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Fig. 1. Relationship between pH and removal of some pollutants during 2-hour sedimentation
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Fig. 2. Relationship between pH of aqueous solutions and sorption efficiency on pulverized activated
carbon Carbopol Z-4



40 M. SWIDERSKA-BROZ

content to the level of < 3.0 g O,/m?, < 20 g Pt/m?, and 0.5 g HA/m?, respectively,
with coagulant doses lower than those required for other pH levels. The high
efficiency of HA removal (> 90%) at pH < 6.0 should be attributed to the following
factors: the presence of Fe3*, AI®* and positively charged Fe and Al hydroxy
complexes which have a neutralizing effect on organic colloids, the minimal
solubility of Al(OH), and Fe(OH),, as well as the low solubility of HA, which is
evidently lower than at natural pH (yielding a decreased efficiency of the coagulation
process).

The effectiveness of the coagulation process under alkaline conditions is high. But
it is not so much the coagulating effect as the co-precipitation of the pollutants with
CaCO, and particularly with Mg(OH), that contributes to the high removal
efficiencies. Measured values of coagulant consumption coefficients indicate that the
utilization of AI** ions is greater than that of Fe** ions, especially during coloured
matter removal. Fe®" ions had a great ease to form coloured, non-settleable
complexes with HA (primarly fulvic acids), which were not removed, irrespective of
the treatment process applied. This behaviour is an indication that iron salts as
coagulants fail to be fit for HA removal.

3.2. SOLUTIONS CONTAINING HEAVY METALS

The efficiency of HA removal depended on H™ ion concentration and on the type
of heavy metal ion. The interaction between heavy metals and HA (determined by
the author of this paper) and the susceptibility of heavy metal series to form
metal-organic complexes with HA (Pb?* > Cu?* > Zn** > Ni*") [2] had a dis-
tinct influence on the removal of both pollutants. Depending on the pH involved, the
presence of Cu?* and Pb?* either increased or slightly decreased the quantity of HA
removed. The favourable contribution of Cu?* and Pb*" ions to HA removal was
particularly distinct at pH between 5 and 7. This is the range of pH in which the
HA-Cu?*, HA-Pb?>" interactions reached their maximal effeciencies. A similar
contribution of the two ions could be observed when the pH of the solution was the
same as the one at which inorganic slightly soluble copper and lead compounds
(specifically hydroxides) are precipitated. These compounds are likely to act as
co-precipitators of HA, in the same way as CaCO; and Mg(OH),.

A slight decrease in the efficiency of HA removal due to the presence of Cu?* and
Pb2* occurred at pH > 10. In this pH range, some part of readily soluble Cu®*-HA
or Pb2*—HA complexes persisted in the solution. Nickel ions and zinc ions had only
a slight effect (if at all) on HA removal which should be attributed to their poor
readiness to form complexes with HA.

The interaction of HA with Cu?* or Pb?* ions accounts for the co-removal of
the two pollutants, the efficiencies of removal being linearly correlated.
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4. REMOVAL OF HEAVY METALS

Removal efficiency depends both on the concentration of H* and the presence of
HA.

4.1. SOLUTIONS WITH NO HUMIC ACIDS

Each of the four heavy metals was removed in the form of an inorganic slightly
soluble compound, and removal efficiency increased with the increasing pH. The
optimum pH for Pb”>" and Zn** removal amounted to 10.0. At higher OH "
concentrations there was no increment at all, or a slight decrease, in the removal
efficiency. And this is to be attributed to the formation of water-soluble plumbites
and zincates. Since no hydroxy complexes of copper and nickel were found to form
in the pH range up to 12.0, we may assume that the pH of copper hydroxide and
nickel hydroxide precipitation is higher (pH > 10.0) than the pH of lead hydroxide
and zinc hydroxide precipitation.

4.2. SOLUTIONS CONTAINING HUMIC ACIDS

Nickel and zinc removal followed the same pattern as that for the solution with
no HA, the removal efficiency increased with the increasing pH (up to 10.0 and 12.0
for zinc and nickel, respectively). Both metals were removed predominantly in the
form of inorganic slightly soluble compounds. The presence of HA had a distinct
contribution to the efficiency of copper ion and lead ion removal. The contribution
was pH-dependent and was equally pronounced in each of the treatment processes
under study. Cu®" and Pb*>* were removed in the form of inorganic compounds or
metal-organic complexes. The removal efficiency of Cu?* and Pb>* depended on the
pH of the solution and on the efficiency of HA removal (fig. 3). Thus, both ions were
effectively removed in acidic medium. At increased pH level, there was an evident
drop in the increment of the removal efficiency. The favourable conditions for
increased removal efficiency at pH lower than neutral are due to the neutralizing
interaction of negative organic colloids and Pb?*, Cu?* cations. As a result, the
destabilized complexes were easier to remove than the two metal ions. The inhibition
in the increment of Cu?* and Pb®* ion removal at natural or higher pH is to be
attributed to the stability and dissociation of HA, which leads to the persistence of
colloidal and dissolved humic fractions (along with the fixed heavy metals) in the
solution. The presence of HA had an adverse effect on the removal of Cu?* and
Pb>* at pH > 10.0, which created advantageous conditions for the formation of
water-soluble metal-organic complexes.

A similar pH-dependence was established for the sorption process. The sorbents
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applied enabled only the removal of slightly soluble heavy metal compounds. The
best removal efficiencies were obtained at the optimal pH for the precipitation of
metal hydroxides. ,

At alkaline pH, each of the processes studied yielded satisfactory and comparable
removal efficiencies. Under acidic conditions, only coagulation gave very high
removal of Pb?* and Cu’" ions. Optimum pH approached 6.0 (fig. 4), enabling
effective coagulation of HA and fixed Pb** and Cu?* ions (1 g of HA removed
accounts for the removal of 1.176 g Pb?* and 1.002 g Cu?", the removal of Zn2*
and Ni** being close to zero). Compared to the other treatment processes,
coagulation is particularly effective. This effectiveness can be attributed to the
following phenomena involved: 1) the products of hydrolysis of the coagulant act as
destabilizers of negative organic colloids and unsaturated metal-organic complexes,
2) there is a sorption of pollutants on the flocs of AI(OH), and Fe(OH),. Of the two
coagulants, alum is far more effective, especially in colour removal. The iron
coagulant has the inherent disadvantage of being prone to form chelates and increase
colour intensity, when applied at a non-optimal pH.

5. SUMMARY

Analysis of the data sets for the efficiencies of Cu?*, Zn?*, Ni2*, Pb2* and HA
removal enables the following generalizations to be made:

I. The chemism and removal of the pollutants are strongly influenced by the
concentration of H™ ions as the main contributing factor.

2. HA are effectively removed by alum coagulation (at pH < 6.0) or by pH
adjustment to a level higher than 10.0 and 2-hour sedimentation.

3. The interaction between the pollutants influences their removal efficiency,
which depends on the pH level and the type of heavy metal ion.

4. At alkaline pH, when HA are absent, each of the four heavy metals is removed
in the form of inorganic slightly soluble compound. In the presence of HA, copper
and lead are also removed in the form of metal-organic complexes, particularly at
acid reaction.

5. High efficiencies of HA removal in a combination with copper and lead may be
achieved by alum coagulation at pH < 6.0, and by pH adjustment to about 10.0. The
optimum pH for zinc and nickel removal corresponded to pH = 10.0 and
pH > 10.0, respectively. Both processes were followed by 2-hour sedimentation,
which appeared to be a necessary condition.

6. The formation of copper-humic acid or lead-humic acid complexes accounts
for the increase of HA removal, particularly at pH = 5 to 7 and at the pH of
precipitation for inorganic slightly soluble compounds of the heavy metals inves-
tigated.
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WPLYW JONOW WODOROWYCH NA USUWANIE SUBSTANCII HUMUSOWYCH
I NIEKTORYCH METALI CIEZKICH Z ROZTWOROW WODNYCH

Okre$lono znaczenie stezenia jonow H' w usuwaniu miedzi, cynku, olowiu i niklu oraz kwasow.
humusowych. Wykazano, iz gltownym parametrem decydujacym o usuwaniu tych zanieczyszczen byla
wartoé¢ pH, determinujaca form¢ wystgpowania domieszek. Ponadto interakcja badanych ligandow
organicznych z metalami zmieniata usuwanie miedzi, olowiu, oraz kwasoéw humusowych, tj, zanieczysz-
czeh tworzacych potaczenie metaloorganiczne. Wszystkie badane metale usuwane byly w Srodowisku
alkalicznym, a miedz i otow dodatkowo w srodowisku kwasnym, lacznie z kwasami humusowymi.
W roztworach zawierajacych metale cigzkie i w roztworach ich pozbawionych efektywne usuwanie
kwasoéw humusowych zapewnity koagulacja (siarczanem glinowym) przy pH < 6,0, a takze alkalizacja do
pH ca 10.0. Po wspomnianych procesach niezbedna byta 2 h sedymentacja.

BJIMSHUE MOHOB BOJAOPOJA HA YAAJIEHME T'YMHUHOBBIX BEIIECTB
M HEKOTOPBIX TSDKEJIBIX METAJIJIOB U3 BOJAHBIX PACTBOPOB

Omnpe/ieNieHO 3HaYeHWe KOHUEHTPAIMH HOHOB H' B ymaneHud Meau, IIWHKA, CBUHL@A M HUKET,
a Taxke TYMHHOBBIX KHCJIOT. BbijIo 0BGHAPYXEHO, 4TO TJIABHBIM IapaMETPOM, PEILAIOIHM 00 yiageHun
3THX 3arps3HeHuil, Obuto 3Havenue pH, AerepmunMpyroIas ¢opma BbICTYynanus mpumeced. Kpome
3TOTO, WHTEPAKIMS HCCIIEAYEMBIX OPraHMYECKMX JIMFAHJOB C METAJUIaMH MCHANA YHAJICHUE MC/H,
CBMHIA, & TAaKKe TYMHUHOBBIX KHCJIOT, T.6. 3arps3HCHHI, 06pa3yroliX METaUIOOPraHnIeCKue
coeuHenns. Bee nccieMyeMbie METAIUIB! YASTUCh B ENOYHOM Cpeie, a Me/lb i CBUHEIl — 106aBOYHO
B KHCIOH cpede, BMECTE C TyMHHOBBIMH KHMCIOTamu. B pacTBopax, COACPXKAWMX TAKEJLIE METaIUIBI
¥ B aCTBOPAX, B KOTOPHIX OHH OTCYTCTBYIOT, 3((EKTUBHOE y/AJICHHE [YMUHOBBIX KUCIOT obecreunia
xoarymsiust (cynbdarom amomunns) npu pH < 6,0, a Take amkammsamus g0 pH = ok. 10,0. Tlocie
YIOMSIHYTBIX TIPOLECCOB HeoOXomuma OblIa CSTMMEHTALWA B TCUCHUC 2 4acos.




