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SPECIATION OF HUMIC ACID AND SOME TRANSITION

METAL IONS IN PRESENCE OF EACH OTHER UNDER

ALKALINE pH CONDITIONS

Abstract

Humic acid, the major natural organic matter of marine

sediments, is extracted and its interactions with Zn, Mn, Co, Fe and Hg

are studied. All these elements are found to form cationic, anionic and

neutral complexes with humic acid in the pH range of 7 to 13. A novel

feature of the work is that the humic acid itself undergoes change in its

ionic character in presence of trace elements in the entire pH range

studied. The rates of formation of anionic and neutral species for Zn,

Mn, Co, Fe and Hg are different for each metal ion. Iron forms

predominantly anionic species and the best fit lines of anionic and

neutral species are practically parallel to each other. The best fit lines

of anionic and neutral species have positive slopes in case of Mn and

Co. In case of Hg , the best fit line of the anionic species has positive

slope and that of neutral species has a negative slope. Thus the

abundance and type of species have an interdependence on metal ion,

types of species and pH.

Key words

Marine humic acid, Sediment, Transition metal ions, Ion exchange,

Speciation, Complexes, pH, Cationic species, Anionic species,

Neutral species.
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CHAPTER-1

INTRODUCTION

1.1 General:

Aquatic environment covers about 71% of the

Earth's surface, the major being the oceans. Three main phases

constituting the aquatic environment (water, sediments and the

organisms living within) are complex. The interaction between

these phases is known to be very active in terms of

environmental exchange processes. These interfaces present

complex problems in the general biogeochemistry of the

elements. The aquatic environment is restricted to the surface of

the earth's crust, not withstanding the importance of the moisture

in the atmosphere. Principles of inorganic chemistry can

generally be applied to the behaviours of the various elements in

the aquatic environment. However the complex binding

processes of the various metal ions- by the organisms through

biochemical reactions, by the sediments through geochemical



processes-are pretty complex. Many of the reported distributions

of major and the minor elements do not necessarily follow the

expected chemical reactions. For example barium precipitates

in presence of sulphates. The concentration of barium in sea

waters, which contains about 2650 ppm of sulphates (SO42""),

calculates to 39 ng I'1. Chow and Goldberg (I) obtained, by

measurement, a barium concentration value in seawater of 52

jig I"1; Turekian and Johnson(2) obtained wide range of

concentrations of barium from 5 to 65 y.g I"1, whereas Burton et

al ( 3 ) obtained a saturation value for BaSO4 of 48 \ig Ba I"1 of

sea water. Desai et al( 4) obtained a value of 160 to 170 ng Ba I"1

of seawater and ascribed this to the presence of dissolved

organic matter. Sillen (5), while discussing the different states of

trace elements dissolved in seawater, noted that organic

compounds at concentrations of 10"5 M to 10"4 M may form

strong complexes with certain metal ions, and that these organic

complexes might contribute largely to some of the elements

present at the very low concentrations of 10"7 M to 10"6 M .



Stumm and Morgan(6) made a model study of 9 metal -9 ligand

system in sea water and stated that the presence of excess

Ca and Mg in sea water prevents the complexation of the minor

ions by the organic matter. Despite such speculations Desai and

Ganguly(7) observed strong complexation of Zn, Mn, and Co

by the dissolved organics in sea water.

Table 1.1 gives the Carbon content of natural

exchange reservoir (8) . Of the organic carbon present on this

earth, two components stand out,

1) Oceanic dissolved carbon (Organic) = 0.533g cm"2 of earth's

surface.

2) Humus = 0.19 gem"2 of the earth's surface.

The two together account for 92% of the organic carbon . The

oceanic dissolved organic carbon accounts for about 68% .

Both these together obviously dominate the organic inorganic

association.

Obviously the marine sediments have majority of

humus content in them. It is generally said that humic materials



Table 1.1(8)

CARBON CONTENT OF
NATURAL EXCHANGE RESERVOIR

Carbon reservoir
(

Atmosphere

Humus

Biosphere (Land)

Biosphere (Marine)

Oceanic dissolved carbon
(Organic)

Oceanic inorganic carbon
(Above thermocline)

Oceanic inorganic carbon
(Below thermocline)

Carbon content
g cm '2 of earth's surface)

0.125

0.19

0.06

0.002

0.533

0.20

7.25



consist more than 50% of the organic matter in the sediments.

They are produced by degradation and condensation reactions

of plant breakdown products. They play a crucial role in the bio-

chemical processes and in determination of the properties and

behaviour of many different materials.

1.2 Review of work by earlier researchers:

Humic substances are classified by their origin into

two types as

1. Aquatic humic substances which are formed from the

degradation of organisms from the water body and

2. Pedogenic (terrestrial origin) which is considered to have

large aromatic rings with many carboxylic and phenolic

groups is lignite rich in aromaticity

The final product is reported to be similar to melanin

which may be formed from tyrosine(7). The active groups in

humic acids are stated to be carboxylic and phenolic hydroxyl



groups. The variety of ligands is speculated by various

researchers and some such as COOH and phenolic OH have

been determined(9). There is no unequivocal experimental

evidence of the presence of the speculated active groups in

humic substances other than COOH and phenolic OH. By the

very nature of humification, it can be certainly expected that

proteinous groups and nucleic acid residues are present in humic

acids.

It is evident that in humic acid ,the ligand or active

groups influence the interactions of metal ions and the

distribution of trace metallic elements in the marine environment.

Thus the humic materials from the sediments assume

significance in terms of interaction with many elements. The

importance of organic matter in the sediments can be seen by the

distribution coefficient values obtained for Zn, Mn and Co for

natural marine sediments and their organic matter free

counterparts (Table 1.2)(7). The organic matter in the sediments

complex these trace elements more by factors of 240 to 8500

. 6



compared to the organic matter free counterpart. The organic

matter specificity in these cases has been calculated to be 480

for Zinc, 4570 for Cobalt and 17200 for Manganese(10).

The separated humic acids from marine sediments

sorb from sea water a good number of elements ( 1 I ) . A typical

case study is given in Table-1.3. The humic acid (neutralised to

pH 8 by NaOH ) sorbed Mn, Zn, Co and Cu from seawater

(equilibrated with these elements) while coagulating. The

distribution coefficient, IQ values range from 8000 to 13,000.

Thus both the organic matter on the sediment and the sedimented

organic matter sorb the trace elements in seawater very

significantly through complexation. The formation of complexes

of many metal ions such as Mn, Zn, Ni, Co and Fe etc with

humic acid from soils has been studied by Basu etal (12)

Schnitzer and Skinner (13), Randhawa and Broadbent(14) and

Alexandrova(15). Extensive investigations have been carried out

on the complexation of various metal ions with humic acid from

marine sediments in our laboratory. Interactions of a marine



Table 1.2 (7)

SORPTION OF TRACE ELEMENTS BY
COASTAL MARINE SEDIMENT IN SEA WATER

Element
Natural sediment OM free sediment

Zinc 4,450 18.5

Cobalt 8,460 3.7

Manganese 28,400 3.3

OM : Organic matter

Table 1.3 ( l l )

SORPTION OF TRACE

Element

Mn

Zn

Co

Cu

ELEMENTS
HUMIC ACID IN SEA WATER

Maximum Kd

11,780

13,450

12,370

7,900

BY

Time of contact (d)

46

10

21

2.7



humic acid with the radionuclides l33Ba, 59Fe, ^Y, 95Zr-95Nb,

54Mn, ^Co and 65Zn were compared with those with EDTA.

Both EDTA and humic acid formed non-cationic complexes

significantly with Fe, Y, Zr-Nb, Mn and Co and formed

predominantly non-cationic complexes with humic acid, whereas

Zn formed relatively weak non-cationic complexes with humic

acid. Barium did not form non-cationic complex both with

EDTA and humic acid(16).

Later experiments showed that fulvic acid does

not form any non cationic complex of Zn whereas humic acid

forms to the extent of 12% . Mn, Co, Fe, Zr-Nb, Th, U, Pu form

strong non-cationic complexes both with humic and fulvic acids.

However the percentage of non-cationic fulvic metal complexes

were lower07*. Alkaline earth elements such as Ba, Sr and Ra

were solubilised in alkaline medium by a marine humic acid in

presence of excess sulphate. But they were held at cationic

locations. The lanthanides and actinides, on the other hand,

were complexed in alkaline media (higher OH" concentration)



by the humic acid in non -cationic forms.(18). These experiments

were run simultaneously using equilibrium pairs of ^Sr - ^Y,

l4OBa-14OLa,and228Ra-228Ac(18)

It has been surmised that in alkaline and sea water

media the alkali and alkaline earth elements (Cs, K, Ba, Sr, and

Ra) are held in exchangeable cationic forms by humic acid. Zinc

forms weak non -canonic complex, whereas Mn, Co, Y, La, Ac,

Fe etc form predominantly non-cationic complexes with humic

acid (19). In all these experiments a synthetic cation exchanger

(Dowex-50) has been used to differentiate between the cationic

and non-cationic species.

Mercury in the contaminated flood plain soils along

the Elbe river in Germany was found to be practically immobile

by water. The mercury in these soils was attached only to humic

acids. The study on the mobilisation in acidic pH and in the

alkaline pH showed that the mobility increased with increase in

pH, because at higher pH value humic acid itself is mobilized

carrying with it the entire Hg bound within itself(20) Rao and

Choppin(27) have observed that the protonation constants of
10



humic acid are found to be pH dependent. These startling but

fortunate findings point out to the importance of pH in the

natural processes of the environment. The study on the humic-

manganese speciation with changing pH showed that the pH of

highest Mn complexation was 11.94 (21). From the above, one

can conclude that the organic matter in the environment is

predominantly present in the dissolved organic matter in the

seas, and in the humus. There is always a mutual exchange

between these two matrices although the fluxes between the two

are practically unknown. Concentration wise the dissolved

organic carbon will be a dilute solution of organic matter,

whereas the organic matter in the sediments will be relatively

concentrated . So the interaction at the particle interface will be

of crucial importance.

The concentration of organic matter in the sediments

can be highly variable. But in the coastal areas with high

productivity and with high siltation rates the organic matter

11



content of the sediment can be sufficiently higher. In the coastal

areas of Bombay Harbour Bay, the organic matter content in

general have been observed to be between 3 to 5 % in the

sediments(10). The organic matter content and the density of the

sediments are found to be inversely correlated (2223) indicating

that organic matter can keep the particles in suspensions for a

longer time, allowing it to interact with dissolved metal ions for

that much extra duration. It was also observed that Zn, Cr, Pb,

Co , Ni, Cu and Cd were linearly correlated with the organic

matter in the suspended particles with a correlation co-efficient

of 0.5 to 0.84. It is suggested that these elements are

incorporated into the particles through complexation by organic

matter*22*. Similar observations are made for the marine

sediments of Bombay Harbour Bay(24). The strong binding

capacity of humic and fulvic acids for trace metal ions is well

known and this has marked effect on the speciation and toxicity

of heavy metals(25). The influence of humic substances on

sorption and methylation processes of inorganic tin species has

12



been studied by Juergen Kuballa et al(26). They found that the

greater the charge of the species the more of it is associated with

humic substances. Humic acid is found to be responsible for

methylation of inorganic tin suggesting possible trans

methylation of Hg (in Elbe river ) which is a very important

process(26)

In order to understand the processes in the

sediments with respect to metal ion-organic associations, it is

felt necessary that the organic matter from the sediments be

separated, characterised and studied for its capacity to complex

the trace elements . Several such studies have been reported in

the publications of our laboratory (816171819) Most of these

studies brought out the important fact that, barring alkali and

alkaline earth elements, the divalent, trivalent, transition and

heavy metals form mainly non- cationic complexes. Most of

these reactions are carried out in alkaline media, the actual pH

not being specified. The intention was to prove that under the

most adverse conditions like alkaline media the elements studied

13



were forced in solution through complexation by humic acid in

the presence of a strong competitor like (OH)' ions. The

alkaline earth elements were complexed by humic acid even in

presence of sulphate.

Aquatic environmental speciation of metals depends

on many factors such as pH, redox potential, organic matter

content, concentration of free metal ions, physico-chemical

properties of particulates and their organic matter content etc to

name a few. Among these pH, redox and organic matter affect

metal speciation tremendously(28).

1.3 Scope of the present work:

The knowledge of all that has been discussed above

has led us to focus our attention on two of the important

parameters;

a.) Organic matter of the sediments and

b)pH.

What follows is our work with these two parameters

with respect to some elements. The major component of the

14



organic matter of the sediment is humus, dominating fraction

of which is the humic acid. So the humic acid from the

sediments was isolated and its interaction with the metal ions

Zn2+, Mn2+, Co2+, Fe3+ and Hg2+ in the entire pH range from 7

to 13 is studied. The complexes formed are classified as

cationic, anionic and neutral species of metal ions and humic

acid as described in following chapters.

15



CHAPTER-2

MATERIALS AND METHODS

All the materials used in the experiments^ the

preparations, the methodologies of the experiment, the

measurements and estimations through instruments are described

here.

2.1 Preparation of Humic acid:

A bottom sediment sample was collected from Trombay Naval

Jetty in Bombay Harbour Bay with a grab sampler (1 lcm dia,

Peterson type grab made of stainless steel ). Humic acid was

extracted by treating the washed and cleaned sediment with

0.1N NaOH solution under continuous stirring conditions for

6 hours(7> ll> 19 •29). The mixture was kept and allowed to stand

overnight for settling The supernatant was separated by

siphoning and the sediment was re extracted for three more

extracts in similar fashion.. The superaatants were mixed and

centrifuged to remove particles, filtered and acidified by

concentrated HC1 to pH 2 to precipitate humic acid. The humic

16



acid precipitate was separated by centrifugation and was re-

dissolved in alkali and re-precipitated twice to obtain relatively

pure humic acid. Then the humic acid was dissolved in dilute

alkali (NaOH), filtered through 0.22 urn millipore filter paper.

The pH of this filtered humic acid was adjusted to 7.0 with dil.

NaOH and made up to a known volume.

2.2 Solid content:

Three aliquots of 2 ml each of the filtered humic acid was

taken into three pre-weighed beakers. The sample was dried

under infra red lamp, then at 100°C in an electric oven for one

hour. The beakers were weighed after cooling in a desiccator to

get the solid content of humic acid in the solution. Table 2.1

shows the solid content of the humic acid.

2.3 Preparation of the radiotracers :

The required isotope solutions were received from Radioisotope

Division of Bhabha Atomic Research Centre in small ampoules.

Table 2.2 gives the details of the isotope solutions received. The

whole activity was transferred with proper care into a 10 ml or

17



Table2.1

SOLID CONTENT OF HUMIC ACID SOLUTION

Sample
(2ml)

Aliquote-1

Aliquote-2

Aliquote-3

Wt of empty
beaker

(g)

16.5435

17.2127

17.5283

Wt of beaker
+ humic acid

(g)

16.5600

17.2290

17.5448

Solid content of
humic acid

mg.ml"1

8.25

8.15

8.25

Average solid content = 8.22mg.ml-i

18



Table 2.2

ISOTOPE SOLUTIONS

Isotope
received

6 5Zn

5 4Mn

59Fe

2 0 9Hg

Form

ZnCl2

MnCl2

CoCl2

FeCl3

Hg(NO3)2

RECEIVED FOR

Specific activity

1.1 Cig"1

24.0mci g"1

5. 9 Cig-1

425.0 mci g"1

5.4 mci g"1

EXPERIMENT

Activity

158.0iuci

12.0fxci

54.8^ici

170.0jnci

100.0|ici

19



25ml standard flask and its activity per ml was determined by

counting it in a Nal (Tl) detector coupled to a Multi Channel

Analyser. This solution was taken for the preparation of labelled

carrier solution for the experiments.

2.4 Preparation of carrier solution of metal ions :

For each metal, the chloride form of the salt (G.R grade) was

taken except for mercury where Hg(NO3)2 (G.R Grade) was

used. The salts were dissolved in distilled water, transferred into

a volumetric flask with drops of con HCl ( HNO3 for Hg ) and

prepared a solution of 1000 ppm of the metal ion

2.5 Preparation of Labelled Carrier Solution :

A known volume of each of the above carrier solution was

separately transferred to another volumetric flask containing

known amount of the respective radioisotope of the particular

metal ion taking care to see that each ml of this solution contains

100 jag of the concerned stable metal ion concentration and of

known specific activity of the isotope. This solution was taken

for the experiment. Experimental solutions were prepared for

20



Zn2+, Mn2+> Co2+, Fe3+,Hg2+ with the respective metal ions and

radio activity. These were used for the respective experiments.

2.6 Sample preparation:

Seven sets of experiments were conducted for each metal ion

for the pH range viz. 7, 8, 9, 10, 11, 12 and 13. For each pH

experiment, a corresponding blank was prepared with all

reagents except humic acid. Metal ions taken were, 65Zn, MMn,

^Co 59Fe and 203Hg. For five metal ions seven samples and

seven blanks for each pH were prepared, total number

amounting to 7.

Additions:

A typical example for Hg is given here.

a)Blank:

pH-7: 1 ml Hg carrier (100 ng) with203 Hg tracer + 6 ml

double distilled water.

b) Sample:

pH-7: 1 ml Hg carrier (100 |ug Hg) with 208Hg tracer +

1 ml humic acid (8.22mg) + 5 ml double distilled water.

21



Similarly samples and blank sets were prepared for all seven

pH ranges from pH 7 to 13 as above . After adding the above in

the beakers ,the pH was measured for the solution with the use

of a digital pH meter. The required pH was brought by adjusting

the pH, by adding dilute HCl or dil NaOH drop by drop as

required. This was made up to 10 ml in a standard volumetric

flask and kept for equilibration for one week. The final pH was

measured after one week and noted as equilibrium pH of the

experiment.

2.7 Ion Exchange resin column preparation:

2.7.1 Cation column:

Ion exchange resin Dowex-50X8 (50 to 100 mesh, H+ form )

was taken in a 250 ml beaker. The resin was repeatedly washed

with double distilled water. Then NaOH («1 N) solution was

added to convert the resin into Na+ form. For this the resin was

kept in NaOH solution repeatedly, checking the pH with pH

paper. The excess NaOH was removed and the resin was

washed with double distilled water thoroughly till neutral pH.
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Then the resin was packed into a 1 cm dia column and washed

with distilled water.

2.7.2 Anion column:

Similarly Dowex-lX8 resin ( 50-100 mesh Cl~ form) was taken

for preparation of anion column. This resin also was initially

washed with distilled water till the pH of the washings was

neutral. Then the resin was soaked in NaOH solution to convert

it into OH" form . The excess NaOH was removed by repeatedly

washing with double distilled water. Then this resin was loaded

into a 1cm dia column, again washed with distilled water

before loading the sample.

The sample and blank solutions after bringing upto

the required pH and making up to 10 ml in volumetric flask

were kept aside for one week for equilibration. The solution in

the flask was intermittently shaken. After one week the pH was

measured. The whole solution was filtered through 0.22 jim

millipore filter. The filtrate containing the dissolved constituents

was taken for the experiment. Half (5ml) was made upto 10 ml
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and was taken for direct counting. The remaining half of the

solution (5ml) was passed through a cation exchange column in

Na+ form (Dowex-50, 50-100 mesh, lcm dia ,6 cm height). The

effluent was collected in another clean 10 ml volumetric flask.

The column was washed with 5 ml of distilled water and this

effluent also was collected into the same volumetric flask to

make up to 10 ml. From this 10 ml of cation effluent, 5 ml was

made upto 10ml and taken for counting for radioactivity. The

remaining 5ml was passed through an anion exchange column in

OH" form (Dowex 1,50-100 mesh, lcm dia, 6 cm height). The

effluent of the anion column was collected into another clean 10

ml volumetric flask. This column also was washed with 5 ml of

distilled water and the effluents and the washings were collected

into the volumetric flask to make up to 10 ml. This was counted

for the radionuclide. This procedure is schematically presented

in figure 2.1.
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Figure-2.1

FLOW CHART FOR ION EXCHANGE

Estimation Procedure

(Gamma spectrometry)

5 ml +5mlDW
Count

5ml + 5mlDW
Count

10ml
Count

Experimental solution
10 ml

Filtrate
10 ml

Dowex-50
5 ml + 5 ml wash

Effluents
10ml

Dowex-1
5 ml + 5 ml wash

Effluent
10 ml

DW: distilled water.
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2.8 Measurements

2.8.1 Radionuclides

The experimental solutions, the effluents from the Dowex-50

and Dowex-1 exchange column were transferred into a

polythene counting vial and counted for their gamma activity by

using a Na(I) Tl well type detector, which is coupled to a multi

channel analyser and to a computer system.. From the

radioactivity counting data, the metal ion concentration was

calculated.

2.8.2 Spectrophotometer:

The humic acid concentration of the solutions were measured

in a spectrophotometer. ( model No. Shimadzu Graphicord

UV-240). The sample solutions were diluted as required to

obtain optimum O.D of around 0.15. at wave length of 250nm,

260nm, 270nm, 280nm and 290nm.

The O.D versus wave length curve for the humic

acids yield a spectrum wherein the O.D. decreases with increase

in wavelength. There is no typical absorbance maximum for the
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humic acid in U.V.-Visible range (19> 29> 33). Occasionally a

shoulder is observed in the range of 250-280 nm. and in marine

humic samples from Bombay Harbour Bay, a shoulder is

suggestive at 410 nm. However the O.D. in the visible range is

quite low. In the U.V. region there is relatively a steep increase

in O.D. with decrease in wave length and there is an indication

of a shoulder at around 280nm representing protenious

structures. Therefore we chose 250-290 nm wavelength for

determining the humic acid content against a standard humic

acid of known solid content. The average solid content is given

in Table-2 1; the OD Vs solid content curve was found to be

linear as expected for various dilutions of the original humic acid

solution. Thus the average O.D. was used to calculate the humic

acid content in the solutions.
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CHAPTER -3

SPECIATION OF SOME METAL IONS/ RADIONUCLIDES
IN ASSOCIATION WITH HUMIC ACID

3.1 Introduction : Humic acid is a well known strong complexing

agent for majority of the metal ions. As it has complex and ill

defined structure with no single known molecular weight,

thermodynamic stability constants for individual metal ions are

difficult to determine. Because of this, some researchers have

derived conditional constants. These constants tell us as to how

strong is the association between the humic acid molecules and the

metal ions. And these numbers are definitely useful. However pH

being a very important physico -chemical parameter in the behaviour

of the metal ions, our study focuses its attention on the

complexation of the metal ions with humic acid at various pH values

from pH 7 to 13. We are aware that we have not gone below pH 7.

This we intend to do later. With increase in pH value from pH 7 and

above, the humic acid polymer is expected to open up its various
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sites for binding metal ions through dispersion. This will have a

direct effect on the ionic nature of both the metal ions and the humic

acid. A very simple approach to the study of ionic nature is the use

of synthetic ion exchangers which are stable for the entire range of

pH value (30) of 0 to 14. As described in chapter No 2, we passed

the metal -humic solutions first through a cation exchanger (Dowex-

50 X8 Na+ form strongly cationic exchanger), then through an anion

exchanger (Dowex-1 X8, OH~ form , strongly anionic exchanger).

We define:

l.the constituent retained on cation exchanger as Cationic forms,

2. those escaping the cationic exchanger as Non cationic forms,

3.those escaping the cationic exchanger and getting retained on the

anionic exchanger as Anionic forms,

4those escaping the cationic exchanger and the anionic exchanger

as Neutral or non - ionic forms.

3.2 Zinc

Zinc is a biologically significant element having +2

valency. Zinc is required by all cellular life and is an essential
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element for humans and animals at trace concentrations, but at

higher concentrations it is toxic. The soluble Zn species in soil or

sediment are hydrolysed species of Zn+2. The mobility of Zn is

affected mainly by pH, by adsorption and binding in organic matter.

At a pH above 5, Zinc begins to precipitate as Zn(OH)2 and above

pH 8.5 it forms Zincate ion which may be precipitated by Ca2+

Humic acid behaves as a colloidal system which can be flocculated

by cations. As humic acid and Zn are having opposite characteristics

in solubility with respect to pH, the interaction is very interesting to

study. Humic acid dissolves as the pH increases whereas Zn

precipitates. Organic compounds like amino acids, hydroxy acids etc

are effective complexing agents for Zn and increase its mobility

and solubility0'\ The humic substances contain carboxylic and

phenolic hydroxyl groups as the functional groups because they have

significant quantity of amino acids in their structures( 29) The

procedure for interaction has been given in chapter 2.

3.2.1 Solubilisation : The equilibrated blank and sample solutions
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were filtered and the filtrates were analysed for Zn as described in

chapter 2. The difference between the amount of total Zn and the Zn

in the filtrate represents the precipitated fraction.

3.2.1.1 Blank: Results of solubilisation are given in Table 3.1 and

Fig 3.1. In blank 94 fig Zn are solubilised at pH 7, about 30^g at

pH 8, about 8 5 ng at pH 11, about 66.6 ng at pH 12 and about 83.6

UgatpHB.

Fig 3.1 for blank shows that from pH 7 to 9 there is

increased precipitation (soluble fractions reducing from 94^g to

7(ig). From pH 9 to 11 these remain at similar level at around 7 to

15 fxg. From pH 11 and above there is an increased solubilisation

of Zn from 8.5 u,g to 83.6 \L% . From pH 7 to 9 Zn(0H)2 precipitates

and from pH 11 to 13 there is soluble sodium zincate formation

from Zn(OH)2 which is evident by the increased Zn solubilisation in

the blank.

3.2.1.2 Humic acid : In case of humic acid about 88 to 94jig of Zn

is in soluble forms throughout the pH range of 7 to 11
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(refer Table-3.1 and Fig 3.1). Between pH 11 and 12 there is

precipitation from 91.6fig at pH 11 to 57jig at pH 12. From pH 12

to 13 there is again increased solubilisation from 57^g at pH 12 to

88.4ngatpH13.

Influence of humic acid on the solubilisation of Zn is

distinct between pH 7 to 11. Excess amounts of Zn solubilised

being 64 jig at pH 8, 82^g at pH 9 ,73^g at pH 10, 83 jig at pH 11.

All this is out of the total of lOO^g of Zn. The tremendous influence

of the humic acid to hold Zn in solution is self explanatory. The

remarkable capacity of the humic acid to

1. prevent Zn from precipitation from pH 7 to 11.

2. to keep it in solution despite an increase of hydroxyl ion

concentration by four orders of magnitude.

There are two obvious possibilities for such a behaviour.

a)The Zinc that is held by humic acid in solution is bound and

masked totally from the enormous concentration of hydroxyl ions.
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Table -3.1

SOLUBILISATION OF ZINC
BY WATER AND BY HUMICACID

AT VARIOUS pH VALUES

Added Zn2+ : 100 \i% "
Humic acid taken : 8220 fig

PH

7

8

9

10

11

12

13

Solubilised
Water

94.06

29.78

7.18

14.98

8.56

66.62

83.62

Zn (ug) in
Humic acid

93.90

94.18

89.3

87.90

91.62

57.16

88.42
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Figure 3.1

SolubUisation of Zinc
in water (Blank) and in humic acid

in the pH range 7-13

8 9 pH 10 11 12 13

•Water - Humic acid



b)The increased hydroxyl ion concentrations may have been nullified

by neutralisation of hydroxyl ions with acidic groups of the humic

acid resulting in an apparent pOH of about 7 as far as Zn2+ ion is

concerned.

In case of (a) where Zinc is bound by humic acid, one

would expect the loss or reduction of charge on Zn atom. If it is

bound through complexation or chelation, it is difficult to know the

residual charge.

In case of (b) where the effect of (OH)~ ion

concentration is nullified by humic acid, there is an even chance of

Zinc retaining its charge and still behave like a cation.

From pH 11 to 12, there is increased Zincate formation

in blank (See Fig 3.1). In the same pH range there is a precipitation

of Zn in presence of humic acid. It is understandable that Zn forms

Zincates and gets solubilised more in blank. But it is difficult to

explain the precipitation in presence of humic acid. It is probable

that beyond the 10"3 M hydroxyl ion concentration, the humic acid
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is unable to nullify its effect and Zn probably precipitates as

Zn(OH)2. From pH 12 to 13 Zincate formation can be seen in blank

and in presence of humic acid the increased hydroxy! ion

concentration possibly produces Zincates and that is why there is an

increased solubilisation. This we will review when we come to the

ionic nature.

3.2.2 Ionic nature; Ionic nature (as defined above) of the

solubilised Zn forms are given in Tables 3.2 and 3.3 and Figures 3.2

and 3.3.

3.2.2.1 Blank: In blank all solubilised Zn is totally cationic from

pH 7 to 10. From pH 10 to 11 there is a decrease of cationic forms

by about 3% (from 100% cationic at pH 10 the cationic forms at

pH 11 reduce to about 97%). From pH 11 to 12 there is a drastic

decrease in cationic form from 97% to 39.7% and from pH 12 to 13

it further reduces from 39 to 27%.

There are no anionic forms in blank upto pH 10. At pH 11,

3% of Zn is anionic. This increases to 60% at pH 12 and to 72.5 at

pH 13. There are no neutral species observed in blank.
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Table- 3.2

IONIC NATURE OF SOLUBILISED ZINC
BY WATER (BLANK) IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

Hg

94.6

29.78

7.18

14.98

8.29

26.46

22.97

%

100

100

100

100

96.92

39.31

27.01

Ionic nature
Anionic

Hg

nil

nil

ml

nil

0.27

40.16

60.64

%

nil

nil

nil

nil

2.92

60.28

72.53

Neutral

Hg

nil

nil

nil

nil

ml

nil

nil

%

nil

nil

nil

nil

ml

nil

nil
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Figure 3.2

Speciation ofZn in Blank (Water)
in the pH range 7-13

**~Anionic Neutral
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Table-3.3

IONIC NATURE OF SOLUBILISED ZINC
BY HUMICACW IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

MS

93.48

93.18

88.56

78.88

42.02

6.72

10.08

%

99.54

98.93

99.18

89.79

45.97

11.76

11.41

Ionic nature
Anionic

0.36

0.88

0.74

8.82

35.46

46.09

77.14

%

0.39

0.92

0.82

10.04

38.48

80.65

87.23

Neutral

UK

0.06

0.14

nil

0.18

14.14

4.35

1.2

%

0.06

0.15

nil

0.21

15.65

7.58

1.30
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Figure 3 3

Spedation ofZn
in presence of humic acid

in the pH range 7-13

9 10 11 12 13

Cationic - Anionic Neutral



The above observations indicate that Zn in solution is

in Zn2+ form upto a pH of 10. There after anionic Zincate starts

forming and between pH 11 to 13 about 72% of Zn converts itself

into Zincate forms.

3.2.2.2. Humicacid:

3.2.2.2.1 Cationic forms: In case of humic acid, Zn solubilised is in

cationic forms upto about 99% from pH 7 to 9. From pH 9 to 10

this reduces from 99% to about 90% (Table 3.3 and Fig 3.3). From

pH 10 to 11, the cationic Zn forms reduces from about 90% to about

46%. This further reduces to about 12% at pH 12 and remains so at

pH 13.

Comparing these results with the results in blank, one

can unmistakably observe that in blank there are only cationic Zn

species from pH 7 to 10, in presence of humic acid the cationic Zn

forms are only upto 99.5% from pH 7 to 9 and at pH 10 these reduce

to 90%. At pH range between 7 to 9 the difference of around 1%

may not appear significant, but at pH 10 there is a distinct difference

of 10% between the blank and the humic acid. Comparison for this
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range is Fig 3.2 and 3.3 clearly tells that in presence of humic acid

the cationic forms are lower compared to those in the blank.

From pH 10 to 11, the cationic forms of Zn with humic

acid reduce from about 90% to about 40%. Whereas this reduction

in case of blank is from 100% to 97%. Again at pH 12 and 13 these

cationic forms are at around 12% in case of humic acid, whereas in

case of blank they are 39% at pH 12 and 27% at pH 13.

This gives us a clear picture; substantially lower

cationic Zn- forms are generated by humic acid compared to those in

blank.

3.2.2.2.2 Anionic forms: Between pH 7 to 9 apparently negligible

quantities of about 0.4% to 0.9% of anionic Zn species in presence

of humic acid are observed. Whereas in blank there are no anionic

forms seen At pH 10 the anionic Zn-humic forms are about 10%,

whereas these are totally absent in blank. At pH 11, about 38.7 %

anionic Zn-humic forms are formed. Correspondingly there are only

about 3% anionic Zn forms in blank (Zincates). At pH 12, anionic

Zn -humic forms are 80.5% and in blank Zincate forms are about
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60%. At pH 13, anionic Zn-humic forms are about 87% and in blank

Zincate forms are about 72.5%. Thus in the entire pH range humic

acid forms higher anionic species. Compared to the blank, where

Zincates start forming at a pH of about 11, the anionic Zn-humate

forms are generated right from pH 7, but distinctly at pH 10. It is

significant that in absence of humic acid, anionic species start

forming only at pH 11. Throughout the entire pH range from pH 7 to

13, anionic Zn-humic species are more abundant than the sodium

zincate in the blank. We believe that the anionic Zn-humic forms are

not the zincates as in the blank. There are anionic Zn-humates (refer

Figs 3.2 and 3.3).

3.2.2.2.3 Neutral forms: Another significant observation is that

from pH 10 to 13, there is an indication of neutral species of Zn with

humic acid formed. This is not so in the case of blank. The neutral

species are significant at pH 11 and 12 where they are about 15%

and 7% respectively. During this pH range, anionic zincates are

strongly formed in blank.

Thus humic acid influences Zn to undergo solubilisation, to
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change the ionic forms and forces it into anionic and neutral humic

species, preventing it from forming normal Zincate species.

3.3 Manganese

In general Mn has +2 valancy and with increase in pH

tends to precipitate as Mn(OH)2. Being a transition element and

biologically significant element, it has a tendency to form complexes

with organic ligands.

In the present case after equilibration with humic acid,

the sample and the blank were filtered and Mn was estimated in the

filtrates.

3.3.1 Solubilisation; Results of Mn analysis in the solubilised

fractions in blank and in humic acid at pH 7 to 13 are given in

Table 3.4 and Figure 3.4

3.3.1.1. Blank: In blank Mn added (100.ng ) is quantitatively

solubilised at pH 7 and 8. This also conforms with the solubility

product requirement. At pH 9 about 69p.g are solubilised. This is

higher than the expected amounts through solubility product
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Table-3.4

SOLUBILISATION OF MANGANESE
BY WATER AND BY HUMIC ACID

AT VARIOUS pH VALUES

Added Mn 2+ : 100 ng
Humic acid taken : 8220 jj.g

Solubilised Mn (ng) in

PH

7

8

9

10

11

12

13

Water (Blank)

88.52

89.48

69 84

3.08

5.60

nil

nil

Humic acid

95.54

93.74

93.00

97.58

39.12

32.60

12.12
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Figure 3.4

Solubilisation of Manganese
in water (Blank) and in humic acid

in the pH range 7-13

8 9 pH 10 11 12

- * - Water - • - Humic acid

13



calculation. This is attributed to the presence of Cl ' ions because of

the use of Hcl to adjust the pH. This effect is generally seen at

higher pH values.

At pH 10 and 11 only 3 to 5 ng are in solution and

these match fairly with the theoretical values. At pH 12 and 13 there

is no solubilisation of Mn at all as expected.

3.3.1.2 Humic acid: In case of humic acid at pH 7 and 8 around

95 fig is in solution which is marginally higher compared to the

blank. At pH 9 and 10 also around 93 to 97fig are in solution

compared to around 69 \i% in blank at pH 9 and 3jig in blank at

pH 10. This is strikingly higher whereas Mn precipitates practically

quantitatively between pH 9 and 10 in blank, and humic acid

prevents such a precipitation, keeping Mn quantitatively in solution

(cf. Table 3.4 and Fig 3.4 ). From pH 10 to 11 there is a significant

precipitation of Mn in presence of humic acid, which continues at a

slower rate between pH 11 to 13.

Fig 3.4 brings to focus the point that higher amounts of

Mn are in solution in presence of humic acid compared to that in
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blank. The humic acid curve is always elevated compared to the

blank curve. The onset of the precipitation of Mn has been delayed

by humic acid from pH 8 to pH 10. That is the increase by 2 orders

of magnitude of [OH~ ] ion concentration is in effect nullified by

humic acid.

Humic acid holds Mn in solution despite an increase

in hydroxyl ion concentration by two orders of magnitude. Similar

observation was made in case of Zn. Even after pH 10 the

solubilisation of Mn by humic acid is always quite high compared to

the blank.

This remarkable influence of humic acid can again be

attributed to:

a) Binding of Mn by humic acid resulting in the masking of Mn

from the effect of increased hydroxyl ion concentration.

b)The interaction of humic acid with hydroxyl ion (probable

neutralisation) apparently increasing the pOH to a value in the

vicinity of 7 to 8
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3.3.2 Ionic nature :

3.3.2.1 Blank: All Mn that was in solution in blank between pH 7

to 11 was cationic. There was no manganese in solution after pH 11

in blank, (cf. Fig 3.5 and Table 3.5).

3.3.2.2 Humic acid :

3.3.2.2.1 Cationic :In case of humic acid (cf. Fig 3.6 and Table 3.6)

Mn was practically cationic from pH 7 to 9 although there is an

indication of minor reduction of these forms with increase in pH

(98.9 at pH 7, 98 6% at pH 8 and 96.8% at pH 9). At pH 10 only

around 50% is in cationic forms, which reduces to 15% at pH 11.

At pH 12 and 13 cationic forms of Mn are absent in presence of

humic acid.

3.3.2.2.2.Anionic forms: The anionic form of Mn with humic acid

are present in very small quantity between pH 7 to 9; but there are

indications that they are on the increase (Table 3.6 and Fig 3.6). This

picture improves at pH 10 and 11 where the anionic forms increase

to 25% and 36% respectively. Between pH 11 and 13 these remain

at around 30%. We visualise that anionic Mn-humates are present in
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Table-3.5

IONIC NATURE OF SOLUBILISED MANGANESE
BY WATER (BLANK) IN THE pH RANGE 7-13

PH

7

8

9

10

11

12

13

Cationic

Hg

88.52

89.48

69.84

3.08

5.61

nil

nil

%

100

100

100

100

100

nil

nil

Ionic nature
Anionic

Hg

nil

nil

nil

nil

nil

nil

nil

#0

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

Neutral

%

nil

nil

nil

nil

nil

nil

nil
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Figure 3 5

Speciaiion ofMn in blank (Water)
in the pH range 7-13

-Cationic

9 10
PH

-»-Anionic



Table- 3.6

IONIC NATURE OF SOLUBILISED MANGANESE
BY HUMIC ACID IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

Hg

9642

92.44

90.06

48.5

5.9

nil

nil

%

98.87

98.61

96.84

49.68

15.12

nil

nil

Ionic nature
Anionic

Hg

1.11

1.26

1.36

24.5

14.1

8.06

3.96

<

1

1

1

25.

36.

24

32

>/0

.13

.35

.45

05

06

72

56

Neutral

^g

nil

nil

1.58

24.6

19.12

24.54

8.18

0 /

nil

nil

1.7

25.27

48.83

75.29

67.44
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Figure 3.6

Speciation ofMn
in presence of humic acid

in the pH range 7-13

8 9 10 11 12 13

pH

• Cationic -*-Anlonic _*_ : Neutral
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negligible quantities between pH 7 to 9; their formation increases

between pH 9 to 11 significantly and remains so thereafter upto

pH13.

3.9.2.2.3 Neutral forms: There are no neutral Mn-humic forms

between pH 7 and 8. But as the pH increases, neutral forms of Mn in

presence of humic acid build up rapidly from 1.7% at pH 9 to 75%

at pH 12 and remaining almost at the same level even at pH 13 as

67.5%.

3.3.3 General: It is remarkable that the anionic and the neutral Mn

species start appearing predominantly only at a pH of the

precipitation of Mn in presence of Humic acid. i.e. at around pH 9

to 11. This leads us to the observation that at this pH range there is a

tussle between two prominent ligands; inorganic hydroxyl and

organic humic. Whereas hydroxyl ion tries to precipitate Mn, the

humic acid tries to prevent it. Humic acid is successful in

competition with hydroxyl ion between pH 7 to 10 to keep Mn in

solution mostly at exchangeable cationic sites (literally upto pH 9).
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With an overwhelming increase of hydroxyl ion concentration after

pH 10, humic acid finds it difficult to keep it in the exchangeable

cationic sites simply because this will precipitate as Mn(0H)2.

Instead Mn is stripped of its normal positive charge or even

converted to the net negative charge so that the effect of heavy

hydroxyl ion concentration is avoided. In this struggle therefore,

there is an increase both in the anionic and the neutral Mn humic

forms produced. Similar arguments were put forward in an earlier

paper from our laboratory20.

3.4 Cobalt

Cobalt is a biologically significant element and is a

constituent of Vitamin B-12. It is a transition element and forms

both inorganic and organic complexes. The series of Cobalt amine

complexes was one of the first studies on complex formation. Being

an essential element its distribution in the environment is important

from the ecological point of view. Its bio-availability depends on

many factors including the complexation insitu in the environment.

One of the major complexing ligands in the environment is humic
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acid and that is how the interaction of cobalt with humic acid

assumes significance.

The Co-equilibrated humic acid sample and the

corresponding blank were filtered and cobalt was estimated in the

filtrates.

3.4.1 Solubilisation :

3.4.1.1 Blank: In blank Cobalt is found quantitatively solubilised at

pH 7 and 8 (Table 3.7 and Fig 3.7). From then on with increase in

pH, Co precipitates in increasing quantities. At pH 9 about 71jug is

in solution, compared to 94 \k% at pH 8. At pH 10 57 \xg Co is in

solution. From pH 11 onwards practically no cobalt is found in

solution.

3.4.1.2 Humic acid: In case of humic acid, on the contrary, Co is

almost quantitatively solubilised from pH 7 to 12. To be specific

about 94 ng at pH 7, about 93^g at pH 8, 98^g at pH 9, about 91

Hg at pH 10, about 97ng at pH 11 and about 93 \x% at pH 12 are

solubilised in presence of humic acid. At pH 13 only 2 \i% of

Cobalt are found in solution.
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Table-3.7

SOLUBILISATION OF COBALT
BY WATER AND BYHUMJCACID

AT VARIOUS pH VALUES

Added Co2+ : 100 ng
Humic acid taken : 8220 \ig

Solubilised Co (u.g) in

pH

7

8

9

10

11

12

13

Water (Blank)

87.08

94.07

71.20

56.98

0.44

0.60

0.28

Humic acid

93.36

92.36

98.28

91.28

97.11

92.90

2.32
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Figure 3.7

Solubilisation of Cobalt
in water (Blank) and in humic acid

in the pH range 7-13

8 9 pH 10

- ^ Water

11 12

*" Humic acid

13
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Obviously Cobalt starts precipitating as hydroxide

from pH 8 (cf. Fig 3.7). This is the situation in blank. The onset of

precipitation in presence of humic acid starts only at pH 12 (cf.

Fig 3.7). The enormous capacity of humic acid to hold Co2+ ions in

solution under dominating influence of increasing concentration of

hydroxyl ions through four order of magnitude from pH 8 to 12 is

simply fascinating. That this is repeatedly being done for many

metal hydroxides such as Zn and Mn and now cobalt is an

unmistakable evidence of the strong interaction of the humic acid

with the metal ions in the background of heavy hydroxyl ion

concentration. The onset of precipitation of Co is prevented with

increased OH" concentration of upto four orders of magnitude. This

is perhaps possible by the complexation of Mn by humic acid. Whai

is still not understood is the actual mechanism of the process through

which such a change is brought about. We have made some

observations before that, the metal is masked (by interaction ) from

hydroxyl ions and / or the hydroxyl ions are made ineffective

through interaction with humic acid. The type of interactions going
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on between the three moieties is difficult to unfold. Some clues for

this may be available in the ionic nature.

3.4.2 Ionic nature : The results of the ion exchange experiments

are given in Table 3.8 for blank Table 3.9 for humic acid and Figures

3.8 and 3.9 respectively.

3.4.2.1 Blank: All the Cobalt that was solubilised in blank i.e.

between pH 7 to 10 is quantitatively cationic. After pH 10

practically no Cobalt is in solution and whatever is in solution is

cationic. There are no other species of Co other than cationic in

blank in the entire pH range of 7 -13.

3.4.2.2 Humic acid:

3.4.2.2.1 Cationic: In case of humic acid the picture is totally

different. Between pH 7 to 9 there is an indication of decrease in the

cationic species. At pH 7 97.6% Co is cationic in presence of humic

acid. At pH 8 it is 91%. At pH 9 also it is 91%. At pH 10 there is a

drastic reduction in cationic form of Co-humic species to 13%

compared to 91% at pH 9. At pH 11, this is 35%. This reduces to

3.6 % at pH 12 and at pH 13, cationic forms are absent. The
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Table-3.8

IONIC NATURE OF SOLUBILISED COBALT
BY WATER (BLANK) IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

m

87.08

94.02

71.2

56.98

0.44

0.6

0.28

%

100

100

100

100

100

100

100

Ionic nature
Anionic

Hg

nil

nil

nil

nil

nil

nil

nil

%

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

nil

Neutral

i %

nil

nil

nil

nil

nil

nil

nil
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Figure 3.8

Speciation of Co in blank (Water)
in the pH range 7-13

12 13

Cationic -+-Anionic -A-Neutral
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Table-3.9

IONIC NATURE OF SOLUBILISED COBALT
BY HUMfCACID IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

ng

91.16

85.74

89.58

12.12

34.08

3.3

nil

°A

97.

91.

91.

13.

35.

3.

nil

63

05

37

28

09

56

Ionic nature
Anionic

Hg

2.2

6.62

8.56

76.76

58.09

62.94

2.22

%

2.37

9.95

8.49

84.09

59.82

67.73

94.08

Neutral

Ug

nil

nil

0.14

2.4

4.94

26.68

0.14

/ 0

nil

nil

0.14

2.64

5.09

28.71

4.24
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Figure 3.9

Speciation of Cobalt
in presence of humic acid

in the pH range 7-13
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situation between pH 7 to 9 is somewhat similar to that in the blank,

in that majority (91% to 97%) of Cobalt -humic forms are cationic.

In blank, these are cationic to the tune of 100%. This gives us a clue

that the Co-humic forms have some influence of the humic acid

compared to that in the blank. That 3 to 9% is converted away from

cationic species indicates that even the cationic humic forms may be

Cobalt-humic cationic complexes. This has an added indirect

evidence at pH 9 at which 27|ig of Cobalt are solubilised more by

humic acid compared to blank; all Cobalt in blank (100%) is cationic

Co2+. In case of humic acid at the same pH only 91% is cationic with

at least extra 27 jig Cobalt in solution. This leads us to believe that

the Cobalt-humic cationic forms are essentially Cobalt -humic

cationic complex. At pH 10 only 13% of the Cobalt -humic cationic

forms are there and at pH 11 35% of Cobalt-humic cationic forms

are observed. At pH 12 only 3.5% are cationic. This situation

between pH 10 to 12 where increase and decrease of cationic forms

are seen is a range of transition of ionic species from one to the

other. These ups and downs will also be reflected in other ionic or
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non ionic forms. But no such transition is seen in the blank

(cfFig-3.9).

3.4.2.2.2 Anionic: The anionic Co-humic complexes start forming

right at pH 7(2.4%) and they increase to 9% at pH 8 and 9 and shoot

upto 84% at pH 10, dropping down to about 60% at pH 11, again

increasing to about 68% at pH 12 and again shooting to 94% at

pH 13. A scan of Fig 3.9 for cationic and anionic forms suggests

that between pH 7 to 11 the cationic and anionic Cobalt -humic

species are formed at the cost of each other. When cationic

percentages are high between pH 7 to 9, the anionic species are

low. From pH 9 to 10 there is drastic reduction of cationic species

from about 90 to 13%, the anionic species shoot up from about 10%

to 84%. From pH 10 to 11 cationic species increase where as the

anionic species decrease. From pH 11 to 12 and to 13 the cationic

species decrease and the anionic species increase. On the whole

there is a decrease in cationic Co-humic species with increase in pH

and correspondingly there is an increase in Co-humic anionic

species. The situation of these species between pH 9 to 12 is
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indicative of the pH range of transition of these ionic species.

3.4.2.2.3 Neutral: It is interesting to note that from pH 9 to 13

neutral Co-humic species are formed. They start forming at pH 9

(0.14%) and steadily increase upto 5% at pH 11, and shoot to

28.7% at pH 12 and then decrease to about 5.9 % at pH 13. The

formation of neutral species starts practically at a pH when Co-

humic cationic complexes have reduced significantly i.e at around

pH 10. At this stage there is a conversion of around 78% of cationic

humic into other forms i.e. an-ionic and neutral species. The peak of

neutral species formation is at pH 12 and at pH 13 there is a

significant reduction upto 6 % At this pH, the remaining 94% are

accounted for by the anionic Co humic species. At this pH of 13,

less than 3 u,g out of lOOjig of Cobalt is in solution suggestive of

heavy precipitation. The species which are resistant to precipitation

are predominantly anionic (94%) and to some extent slight portion is

neutral. Abundance of neutral species is seen at pH 12 and this has

come from 0.14% at pH 9 and gradually increasing to a peak value

of 28% at pH 12. We are not sure, but like to propose that the
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formation of neutral species is possible at such a high pH, because

of the better dispersion of the complex humic colloids and the

consequent exposure of the internal anionic and cationic charge

centre to neutralisation.

3.5 Iron

Iron is biologically an essential element and is one of the

most abundant elements in the earth's crust. It is an important

constituent of the blood, particularly human blood, attaching itself to

the heme group of the haemoglobin. Being a transition element it

undergoes many biochemical reactions. By the very nature of this

element, it precipitates at and above pH 3 in an aqueous medium. In

natural surface waters where the pH ranges from around 6.5 to 8.2 it

is present as hydrous ferric oxide. The solubility product of the

insoluble Fe(OH)3 being around 10~36, its concentration in waters is

certainly at sub ppm levels. The dissolved organic carbon in the

waters is likely to hold more of these ferric ions in solution

overcoming its solubility product through complexation(21). Fe(OH)3

is also a very well known wide spectrum scavenger of the minor
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elements in fresh water and marine water systems. The complex

process of solubilisation, precipitation and co-precipitation of ferric

ions in the aquatic environment is mainly altered either by the drastic

change in the redox conditions or by the action of strong organic

constituents like humic acids. The following is an attempt to

understand what transpires between the humic acid and the ferric ion

at various pH values.

The equilibrated blank and the sample solutions

were filtered and the filtrates were analysed for Fe as described in

chapter 2.

3.5.1 Solubilisation :

3.5.1.1 Blank: Results are given in Table 3.10 and Fig 3.10. As

expected no Iron is found in solution in the blank in the entire pH

range of 7 to 13. Thus Fe(OH)3 precipitates quantitatively.

3.5.1.2 Humic acid : In case of humic acid there is solubilisation of

about 2.5jxg at pH 7, 13 ng at pH 8, 62 ng at pH 9, 90 ng at pH

10,29\ig at pH 11, 64^g at pH 12 and even at pH 13 81^g of
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Table-3.10

SOLUBILISATION OF IRON
BY WATER AND BY HUMIC ACID

AT VARIOUS pH VALUES

Added Fe3 + : 100 ng
Humic acid taken : 8220 \xg

PH

7

8

9

10

11

12

13

Solubilised F<
Water (Blank)

nil

nil

nil

nil

nil

nil

nil

t (p,g) in
Humic acid

2.48

13.08

62.08

89.94

28.84

64.48

81.08
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Figure 3.10

Solubilisation of Iron
in water (Blank) and in humic acid

in the pH range 7-13

Humic acid
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Iron are solubilised- that too out of the total 100 fig of Iron that

was added. This itself is remarkable that Fe3+ which quantitatively

precipitates in this entire pH range is held back in solution in the

entire pH range. It may be significant to observe only about 2.5fig

of Iron is in solution at pH 7, 13 fig at pH 8 and 81 fig at pH 13. If

humic acid has the uniform capacity of solubilising Fe3*, similar

amounts should have been solubilised at all pH values. As a rule,

lower the pH higher is the solubilisation of Iron in water. But in

presence of humic acid exactly opposite seems to happen. With

increase in pH there is increase in solubilisation in Fe3+ (in presence

of humic acid) contrary to the normal expectation. Why is it

solubilising less at lower pH and more at higher pH ? The probable

answer lies in the fact that at lower pH values the humic acid

polymer folds up reducing the number of active groups for

interaction. An unusual observation at pH 11 onwards is seen.

There is a decrease in solubilisation at pH 11 (29 fig) as compared

to 90 ng at pH 10. This increases to 64 \\.% at pH 12. Still this is

lower than that at pH 10 . At pH 13, this is 81 fig close to that at pH
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10. Perhaps humic ligands have to fight hard against the OH" to

keep Fe3+ in solution, in this pH range with very high OH~

concentration.

3.5.2 Ionic nature: The results of ion exchange experiments are

given in Table 3.11 and Fig 3.11.

3.5.2.1 Blank: Since there was total precipitation in blank the

question of investigating the ionic nature in blank does not arise.

3.5.2.2 Humic acid:

3.5.2.2.1 Cationic : A scan of Table 3.11 and Fig 3.11 suggests that

Iron -humic cationic species are not very significant. We can see

these only at pH 8, 9 and 13. At other pH values there are no

cationic Iron -humic species. This erratic appearance of cationic

species intermittently indicates that there is some internal ionic

swapping within the humic- Iron system. When humic acid is

influencing Iron into forming species other than the cationic, some

cationic species remains, Nevertheless these cationic species

appearing at pH 8, 9 and 13 can under no circumstances, be plain

Fe3+ species. If they were the Fe3+ species, they would have
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Table-3.11

IONIC NATURE OF SOLUBILISED IRON
BV HUMICACID IN THE pH RANGE 7-13

PH

7

8

9

10

11

12

13

Cationic

\ig

nil

1.42

4.88

nil

nil

nil

3.58

%

nil

10.79

7.8

nil

nil

nil

4.39

Ionic nature
Anionic

Hg

2.42

10.36

49.00

82.46

24.58

25.62

73.46

%

96.9

79.23

79.00

91.69

85.82

95.04

90.6

Neutral

Hg

0.08

1.3

8.18

7.48

4.26

3.18

4.06

%

3.1

9.98

13.2

8.31

14.18

4.96

5.01
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Figure 3.11
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positively precipitated. Although only about 1 to 5|ng Fe3+ is held in

carionic forms by the humic acid, these species have got to be Iron-

humic cationic complexes. We call them erratic because if this was

normal uniform situation, such cationic complexes should have

appeared at other pH values as well. We do not want to miss even a

minor suggestion out of the values obtained that there is a

competition of forming various ionic and non- ionic species. With no

Iron being solubilised in blank we venture to say with confidence

that all the Iron that is solubilised is quantitatively through some sort

of interaction with the humic acid - most probably through

complexation. That is why even these cationic species are referred

to as Iron-humic cationic complexes.

The situation at pH 7, 10, 11 and 12 needs careful

consideration. At pH 7, there is very little Fe in solution but no part

of this was cationic. Similarly at pH 10, highest amounts are in

solution with no trace of cationic forms. At pH 11 and 12, there is

decreased solubilisation of Fe relative to that at pH 10. That is, Fe

was trying to precipitate but humic acid forced it into solution and
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all that was dissolved was not at all in cationic forms. Whenever

humic acid had to fight Fe (OH)3 precipitation, it forced Fe into

complexation in non-cationic forms.

3.5.2.2.2 Anionic: In the investigation of the anionic Iron-humic

species a general observation can be made. Throughout the entire

pH range of 7 to 13, at least 79% of the Iron -humic species are

anionic (Fig 3.11). If we look closely to the anionic species

between pH 7 to 13 in Fig 3.11, there appears to be a general

increasing trend of the anionic Iron-humic species with increasing

PH.

At pH 7 about 97% of Iron humic species are anionic (about

2.4ngofFe); at pH 8 about 79% is anionic (lO^ig Fe); at pH 9

about 79% (49(Lig of Fe3+); at pH 10 about 92% is anionic (82^g of

Fe3+); at pH 11, 86 % is anionic ( 25^g Fe3+); at pH 12 about 95%

is anionic with 25 ng of Fe3+; and at pH 13, 90% was anionic with

73 ng Fe. Irrespective of the actual amounts of Iron associated with

humic acid, the anionic species are between 79 to 97%. Thus Fe

forms predominantly anionic complexes with humic acid.
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3.5.2.2.3 Neutral: Presence of neutral Iron-humic species can be

seen in Table 3.11 and Fig 3.11. The general percentages of the

neutral species are between 3 to 14% and the amount of Iron

present in these are between 0.08jig to 8.2 \xg. Although the

abundance of neutral species is not as high as anionic species, it

cannot be denied that the neutral species are being formed.

3.5.3 General: Humic acid is known to have a net negative charge.

This observation is made(1<J) primarily during the process of the

purification of the humic acid by electrodialysis. Desai and

Ganguly(29> in their attempt to prepare an ultra pure sample of humic

acid , subjected the dialysed humic acid to electrodialysis. The

increment in the voltage was gradual from 5 to 200 volts. In the last

stages of electrodialysis, when most of the free ions were removed,

the humic acid in the central compartment of the cell was seen to

concentrate on the membrane towards the positive electrode. That is

how the net negative charge is confirmed. This should not mislead

one to believe that the entire polymer is anionic. It can mean that

there are relatively much less and weak
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cationic sites within the polymer. We can also visualise the situation

where the cationic and anionic sites may lie very close to each

other within the molecule resulting in a neutral atmosphere locally.

When an ion is added, be it a metal ion or any other ion, there is a

possibility of charge re-adjustment or charge re-orientation within

the polymer ion system. It is not our intentions to propose a

concrete hypothesis of how and where exactly these charge

reorientations take place. In a polymer as diverse, as heterogeneous,

a mixture such as humic acid, it is absolutely impossible to pin-point

the actual centers of interaction and their nature. Knowing fully well

that most humic acid experts projected -COOH ,-OH and phenolic

hydroxyl groups of the humic acid, we are tempted to believe that

there are many more functional groups other than these. Desai and

Ganguly(7), Desai (29), Desai and Ganguly0 9) have provided

evidence for the presence of the functional groups such as -CONH2,

through the identification of most of the 22 common amino acids by

paper electrophoresis and through the estimation of amino acid

contents by colorimetry (spectrophotometry) in the marine humic
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acid samples. This brings out that these are positively the amino

acid type of functional groups present in the humic acid polymer(34)

Comparing the metal-EDTA and metal-humic acid solutions in

parallel and looking for their ion exchange characteristics, Iron-

humic acid, Iron-EDTA taken practically in the same concentration

(gravimatrically speaking) showed that all the Iron was bound in

non-cationic forms both in EDTA and in humic acid. In the light of

the presence of -CONH2 groups as described above, we may venture

to suggest that the interaction between EDTA and Iron and between

humic acid and Fe may somewhat be similar06*. This is not the end

of the story. But it is a beginning. We are trying to look for more and

new active functional groups within the molecules. Some

researchers have identified quininoid groups in the humic acid.

Desai (34) in an effort to find out the nucleic acid residues in the

humic acid identified the presence of pentoses in the humic

substances. Desai and Ganguly (7) and Pillai et al(17) and Desai and

Ganguly(29) reported the ash and the trace element content of marine

humic acids. Among the many elements shown to be present, the
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presence of phosphate phosphorous is conspicuous and significant.

We are now in a position to visualize the presence of pentoses,

amino acids and phosphate as the evidence of the nucleic acid

residues being a part of the humic acid polymer molecule, Zn, Mn,

Co and Fe form complexes with amino acid with cumulative

equilibrium constant value of 12, 8, 10, and 10 to 13 respectively^.

Mn and Fe are also known to have stability constant values of 4 to 5

with proteins and nucleic acid(7). The alkaline each elements such as

Sr, Ba and Ra are known to be held by the humic acid in

exchangeable cationic positions, whereas rare earth and actinide

elements like Y, La and Ac are held in non-cationic positions0 8).

Now we have enough evidence to show that humic acid

can complex many, metal ions as cationic complexes, anionic

complexes and neutral complexes. This has been observed in case of

Iron as above.

3.6 Mercury

Mercury is a unique element. It is a metal apparently

in liquid form and is volatile. Its volatility is due to its elemental
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form Hg° in which it reaches the atmosphere. The temperature of

Hg° release is quoted as <80° C (35). Thus Hg is an ubiquitous

element. Elemental Hg in liquid form is not a poison. Certain

compounds of Hg have been used safely for a long time as effective

medication for various infections and disorders(36). Mercury

undergoes many transformation reactions in nature. The chemical

equilibrium

Hg2
2+ = Hg° + Hg+

is easily shifted from right to left and vice versa. The readily

volatalised Hg° may be removed from the equilibrium, or micro

organisms may transform Hg into other Hg species(37). Hg is

considered as a Global pollutant Its concentration in the

environment is increasing by human activities. Most of the natural

Hg release is through volcanic eruption. Progressing industrialisation

has increased the anthropogenic share in it. Man made emissions of

Hg is from coal burning in coal fired power plants, from the effluents

of Chlor-Alkali industries, from sulphide roasting from Pyrite

burning etc. In these emissions Hg is present in all the three forms in

82



general i.e. Hg°, Hg2*, and Hg+. Particularly wherever there is a

burning process leading to release of Hg , most of the Hg is in Hg°

form. The Minimata disease in Japan in the early 1950's was caused

by the bio-accumulated Hg in fish. The major responsible species of

Hg for the fatal consequences in Japan along Minimata bay was

methyl mercury*36*. Mercury compounds like Methyl and Di-Methyl

mercury are studied quite extensively.

The most significant chemical species of Hg

participating in the geochemical cycle of this element may be

classified as follows:

Volatile compounds : Hg°(CH3)2 Hg

Reactive species : Hg2
+; HgX2, HgX2~ and HgX42" with

X= OH,~ CP & Br~; HgO on aerosol particles; Hg2+ complexes with

organic acids.

Non-reactive species : Methyl mercury (CH3Hg+, CH3HgCl,

gOH) and other organo mercuric compounds; Hg (CN^; HgS ;

* bound to S atoms in humic matter(38). It can be noted in the
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above that in reactive species, Hg2* complexes with organic acid

and in non reactive species Hg2* is bound to sulphur atoms in the

humic matter. In a study on the river Elbe (in Germany) which was

highly polluted with Hg due to the releases from a Chlor alkali

industry, it was found that most of the Hg was associated in the

flood plain soils on the banks of the river. Fortunately this was found

to be immobile in water; detailed studies showed that this Hg was

bound very strongly with humic materials of the soils(20>32). All these

studies on Hg speciation generally deal with the three known

valence states of Hg or the standard organo mercurials such as

Methyl, and Dimethyl Hg. Although strong complexation of Hg

with humics has been reported, their ionic nature is studied very

infrequently . Studies in our laboratory are reported elsewhere(39>40)

In our experiments we concentrate on two important

parameters.

l.pH,

2.The ionic nature.

The equilibrated solution of blank and sample were
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filtered and the filtrate were analysed for mercury.

3.6.1 Solubilisation : Results of the analysis of Hg in the filtrate is

given in Table 3.12 and Fig 3.12. Between pH 7 to 13 Hg is found

solubilised both in the blank and in presence of humic acid.

Practically there are no variations in the amounts solubilised both in

blank and in humic acid. Hg was added as Hg(NO3)2 which is

soluble. The solubilisation observed confirms this as well as that

hydroxide of Hg2* is also soluble. From this Table 3.12 it is not very

clear whether humic acid had anything to do with the solubilisation

of Hg . Mercury may be in solution naturally or is also in solution in

association with humic acid. The later part cannot be proved by

simple solubilisation numbers. This can be shown only through the

changes in the ionic nature.

3.6.2 Ionic nature:

3.6.2.1 Blank: In case of blank throughout the pH range of 7 to 13

all the Hg in solution was found to be totally cationic as can be

seen in Fig 3.13 and Table 3.13.
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Table-3.12

SOLUBILISATION OF MERCURY
BY WATER AND BYHUMICACID

AT VARIOUS pH VALUES

Added H g 2 + ^ : 100 ng
Humic acid taken : 8220 fig

Solubilised Hg (jig)in

pH

7

8

9

10

11

12

13

Water (Blank)

88.78

94.52

94.38

95.20

92.44

91.16

100.00

Humic acid

91.78

91.84

95.16

94.02

91.24

87.99

83.16
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Solubilisation of Mercury
in water (Blank) and in humic acid
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Table-3.13

IONIC NATURE OF SOLUBILISED MERCURY
BY WATER (BLANK) IN THE pH RANGE 7-13

PH

7

8

9

10

11

12

13

Cationic

Hg

88.78

94.52

94.38

95.2

92.44

91.16

100

%

100

100

100

100

100

100

100

Ionic nature
Anionic

W?

nil

nil

nil

nil

nil

nil

nil

%

nil

nil

nil

nil

nil

nil

nil

Neutral

Hg

nil

nil

nil

nil

nil

nil

nil

%

nil

nil

nil

nil

nil

nil

nil
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Figure 3.13

Speciation of Hg in blank (Water)
in the pH range 7-13

8 9 p H 1 0 11 12 13

Cationic -#-Anionic -A-Neutral
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3.6.2.2.Humic acid :

3.6.2.2.1 Cationic: In case of humic acid only 0.5% to a maximum

of 34% was in cationic forms in the entire pH range of 7 to 13

(Table 3.14 and Fig 3.14). At pH 7, 24% were cationic; at pH 8,

15.5%; at pH 9, 33%, at pH 10, 34%; at pH 11, 20%; at pH 12,10%

and at pH 13, 0.5% were cationic in presence of humic acid,

compared with blank where at all the pH values of 7 to 13 Hg is

found quantitatively in cationic Hg24 form. In presence of humic

acid, a maximum of 34% only is found in cationic forms. That is at

least 66% of Hg is definitely non-cationic. We must state that the

process of change of the ionic nature from cationic to other species

is distinct in the entire pH range. Even the cationic forms found in

association with humic acid need not be simple Hg2+ form. This we

state because all the Hg has had the influence of humic acid. For

instance at pH 13 we have no way to prove clearly that these

cationic humic -Hg forms are not Hg2+ forms. But looking back to

the case of Iron, where normally precipitated forms of Fe(OH)3 are

forced into solution and to various ionic forms including the cationic
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Table-3.14

IONIC NATURE OF SOLUBILISED MERCURY
BY HUMICACID IN THE pH RANGE 7-13

pH

7

00
.

9

10

11

12

13

Cationic

Hg

22.22

15.04

31.41

32.22

18.86

9.32

0.34

|T 0

24.2

15.56

33.04

34.29

20.61

10.57

0.45

Ionic nature
Anionic

Jig

36.16

52.44

41.72

37.64

55.17

57.52

72.12

/o

39.42

57.89

43.83

40.01

60.46

65.25

86.73

Neutral

Hg

33.4

24.36

22.00

24.16

17.21

21.14

10.72

%

36.48

26.56

23.14

25.71

18.93

23.99

12.81
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Figure 3.14

Speciation of Mercury
in presence of humic acid

in the pH range 7-13
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-are all through the influence of the humic acid. Even in Case of the

other metal ions, such as Mn, Co and Zn it is observed that these

ions are held at cationic positions by the humic acid through shifting

of the precipitation pH to higher pH levels. If Hg remains in solution

only as a Hg2+ion, total .Hg in solution should have been in cationic

forms in the entire pH range. We therefore propose that these

cationic forms are Hg-humic cationic complex.

3.6.2.2.2 Anionic: When we come to the anionic species of Hg in

presence of humic acid a general observation can be made (Fig 3.14)

as the pH increases, the anionic Hg-humic forms also increase. In

case of Hg, there is no competition between the hydroxyl ion and the

humic acid because Hg does not produce insoluble hydroxides. If

soluble hydroxides are produced, the cationic forms of Hg should be

in cationic forms. This can be seen in blank. But in presence of

increasing hydroxyl ion concentration humic acid forms increasing

anionic Hg humic species. The possibilities are that the anionic

humic acid may hold the neutral Hg (OH)2 species and continue to

exert a negative charge or it can complex Hg with various functional
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groups to form strong complexes. In any case all these are anionic in

nature. Another possibility is that with increasing pH the humic acid

disperses more efficiently to expose more and more active negative

centres which will bind more Hg through neutralisation or otherwise

and still produce an anionic environment.

3.6.2.2.3 Neutral: Throughout the pH range of 7 to 13 we can see

that there are 12 to 36% Hg humic neutral species, (cf.Table 3.14

and Fig 3.14). A general view of the curve for the neutral species

indicates a decrease with increase in pH. This may in part support

our view of exposure of extra anionic sites through dispersion with

increase in pH. At pH 7 both anionic and neutral species are 24 to

36%. As the pH increases (see Fig 3.14) the two curves (anionic and

neutral) separate out more and more. But the rate of increase and the

rate of decrease do not seem to match. But the Fig 3.14 shows a

better correlation between cationic and anionic species. There is a

clear indication that anionic species are formed at the cost of

cationic species. The process of the neutral species formation is not

clear. We may only suggest that there can be two ways;
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1. Charge neutralisation of the cation with the negative charge of

the humic acid.

2. The presence of opposite charge centres within the polymer in

close vicinity resulting in neutralisation.

We are not confident but like to place on record that

as the pH decreases, there is more coiling effect on the polymer, thus

increasing the possibility of such neutralisation resulting in

increased neutral species.
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CHAPTER-4

SPECIATION OF A MARINE HUMIC ACID

IN ASSOCIATION WITH

SOME METAL IONS/RADIONUCLIDES

4.1 Introduction: Humic substances are generally characterized

as extremely heterogeneous mixture of molecules with a wide

range of functional groups and molecular weight distribution.

They consist of poly anions containing aromatic nuclei with

functional groups such as -OH, COOH linked through -O-, CH

etc. They are considered as condensation products of phenols,

quinones, amino compounds etc. as random polymer wherein the

sequence and composition of the ligands are dependent on the

physico-chemical environment in which these are formed(7).

When they react with metal ions it is expected that lot of

reorientation and rearrangements of functional group within the

molecule take place resulting in metal-humic complex

formation, and change of ionic nature of the metal ion (as seen in
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chapter 3). In our experiments with humic acid with metal ions

at different pH values, the equilibrated filtrate and the effluents

of cationic and anionic columns (See Fig 2.1) were subjected for

spectrophotometry measurements to find out the quantity of

humic acid present; and their ionic species are also investigated.

To compare with, an aliquot of humic acid used for the

experiment is passed through cationic and anionic resins and the

effluents are collected as per the procedure followed for the

sample which is given and discussed in chapter 2. The speciation

of humic acid in the fractions are discussed below for each

element separately.

4.2 Ionic nature of virgin humic acid: Ionic nature of Humic

acid is given in Fig 4.1 and Table 4.1. In general most of the

humic acid appears to be anionic and this is expected. From

Table 4.1, 88% to 97.76 % of humic acid is retained on the

anionic resins for the entire pH range of 7 to 13.There is random

appearance of about 2 to 9 % of cationic forms in the pH range
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Table-4.1

IONIC NATURE OF HUMICACID
IN ABSENCE OF ANY ADDED METAL IONS

IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

Hg

768.20

184 72

nil

628.36

nil

nil

216.65

• — — — —

9.37

2.37

nil

7.64

nil

nil

2.64

Ionic nature
Anionic

_ _

7288.40

7732.00

7802.00

7412.00

7791.00

8036.00

7735.70

%

88.91

94.06

94.91

90.17

94.78

97.76

94.11

Neutral

Hg

140.80

303.40

417.90

179.53

428.76

184.00

254.88

%

1.72

3.09

5.08

2.18

5.22

2.24

3.10
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of 7 to 13. A steady presence of neutral species is seen

throughout the pH range of 7 to 13 though it is only 1 to 5%.

4.3 Zinc

4.3.1 Ionic species of Humic acid in presence of Zn:

Fig 4.2 and Table 4.2 shows the ionic species of Humic acid in

presence of Zn. Fig 4.2 shows about 80 to 90% of anionic

forms of humic acid throughout the pH range of 7 to 13 except

at pH 11 where it is only 38%. Cationic humic forms are below

10% throughout the pH range except at pH 11 where it is 30%.

Neutral humic acid species are also observed throughout the pH

range. At pH 11 it is interesting to note that a sudden decrease

(about 50% decrease ) of anionic species is observed and almost

equal amounts of both cationic and neutral species are formed

at about 30% each. At this pH about 37% of anionic forms are

observed. This sudden change in humic acid molecule can be

attributed to two reasons:
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Table-4.2 ,

IONIC NATURE OF HUMICACID
IN PRESENCE OF ZINC

IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

m

52.00

nil

655.20

nil

2546.00

nil

nil

%

0.63

nil

7.79

nil

30.97

nil

nil

Ionic nature
Anionic

Hg

7441.00

6407.00

7159.00

7184.00

3117.00

6935.00

7336.00

————

90.50

77.95

87.09

87.37

37.92

84.37

89.25

Neutral

Hg

725.00

1812.00

405.00

1035.00

2569.00

1285.00

871.00

c

8

22

4

12

31

15

10

Vo

.83

.05

.95

.59

25

.63

.60
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Figure 4.2

Speciaiion ofhumic acid
in presence of Zinc

in the pH ranges 7-13
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1 !This change occurs due to the pH effect

2. Due to Zn humate formation.

In the previous chapter we have discussed about the onset of

Zn humate formation which has reduced the solubilisation of the

Zn from pH 11 to 12; and again there is an increase in

solubilisation from pH 12 to 13. In presence of Zn percentage of

humic acid in anionic forms (retained on the anionic resin ) is

never more than 90.5% (Table 4.2). If we compare this to the ,

humic acid with no added trace element (Table 4.1 and Fig 4.1)

except at pH 7 and 10, more than 94% of humic acid was held

on the anionic resin. So about 5% of humic acid atleast has been

reduced from the anionic forms to the other forms. This must

appear either in the cationic or in the neutral forms. A glance at

Table 4.2 and Fig 4.2 reveals that this has resulted in neutral

species in general (compare with Table 4.1). Thus this indicates

that Zn ion neutralises the anionic humic forms, albeit in small

quantity. Between pH 10 and 12 there appears to be a major

disturbance in the midst of te reacting species and the various
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ionic forms. In absence of any added metal ion we have not

observed any such disturbance. This range of pH between 10

and 12, as far as our experiment is concerned, is the region

where hydroxide forms start getting converted into Zincate

forms, as can be seen in Fig 3.2. We have discussed humic -

Zn interaction in Fig 3.3 about the competition between Zincate

and humate. There we were concerned with the Zn species. Here

we are focusing our attention on the humic species. In the region

of pH 10 and 12 there is a sudden decrease and increase of

anionie humic species; correspondingly the cationic and neutral

species are also changed. This pH range appears to be a

transition of Zn?t to Zn humate forms. The competing ligands

arc not two but three - OH", Zn(>2 and humics. The change of

major anionic species of humic acid into three equivalent

amounts of species of cationic, anionic and neutral at pH 11

prompts us to hypothesise that this region of pH is a critical pH

for Zn-humic species. This critical pH changes the species of the

cationic metal ion as well as the anionic humic forms.
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4.4 Manganese

4.4.1 Ionic species of Humic acid in presence of Mn:

In presence of Mn the ionic forms of humic acid is given in

Table 4.3 and in Fig 4.3 which shows cationic, anionic and

neutral species of humic acid in the pH range of 7 to 13. About

15% of cationic Humic acid species are seen at pH 7 and at pH

10 about 65 % of cationic forms are seen which reduced to 2%

at pH 11. The Fig shows a sudden drop of anionic form at pH 10

where only 3% of anionic forms are observed. At this pH both

cationic and neutral species are prominent. This sudden change

suggests that pH plays a great role in determining the ionic

species of both humic acid and its metal complex. Refer chapter

3 Fig 3.6 where at pH 10 there is a sudden drop of cationic Mn

species and appearance of anionic along with neutral species of

almost equal amount. Here we see increased amount of cationic

species. The anionic species of humic acid in presence of Mn

presents reduction of the species for the entire pH range of 7 to

13. Except at pH 8, the anionic humic species are less than 73%
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Table-4.3

IONIC NATURE OF HUMIC ACID
IN PRESENCE OF MANGANESE

IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

Hg

1241.00

nil

nil

5308.80

209.00

nil

185.50

%

15.10

nil

nil

64.57

2.54

nil

2.26

Ionic nature
Anionic

4800.00

6694.40

5976.92

229.90

5368.00

4906.00

3992.90

%

58.50

81.44

72.71

2.79

65.53

59.76

48.58

Neutral

Hg

2169.70

1526.00

2244.00

2682.00

2616.50

3303.00

4042.00

%

26.73

18.56

27.29

32.63

31.94

40.23

49.18
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Figure 4 3

Speciation ofHumic acid
in presence of Mn

in the pH range 7-13
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and at pH 8 also it is only 81%. In absence of any added metal

ion, as has been stated earlier, the anionic humics are between

89 to 98%. In presence of Mn, the lowest anionic humic species

(2.8%) are observed at pH 10. Looking to these species

distribution in Fig 4.3, one can say , on an average 60 to 65% is

only anionic. As far as neutral species are concerned there seems

to be gradual increase of these species with increase in pH. (cf.

Fig 4.3). But the same systematic behaviour is not seen for

anionic and the cationic species. Between pH 9 to 11, there

appears to be a big exchange between the cationic and anionic

species of the humic acid Comparison of this with the

Manganese speciation (Fig 3.6) yields a very significant

inference. Between pH 9 to 11 or for that matter upto pH 12

there is a drastic decrease of the cationic Mn-humic species from

about 97% at pH 9 to about 15% at pH 11. During the same

range neutral Mn-humic species have increased sharply and also

a significant amount of increase of Mn-humic acid anionic

species (Fig 3.6). But in case of humic acid there is only an
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abrupt exchange of the cationic and anionic species of the

humics Whereas in case of Mn speciation, the anionic and

neutral species form at the cost of the cationic species, no such

statement can be made for the humic acid in presence of Mn. In

this pH range there is a drastic change in the speciation of Mn as

well as in the speciation of humic acid. We have a firm belief

that in this critical pH range there is a tremendous disturbance in

the medium resulting in unexpected and yet certain species

formation of the humics. But after pH 11, the neutral humic

species seem to form at the cost of the anionic humic species. It

is important to note that neutral species both in the case of

humics and manganese generally increase with increase in pH.

Except in the critical pH range of 9 to 11 there seems to be a

dynamic exchange between the anionic and the neutral humic

acid.

4.5 Cobalt

4.5.1 Ionic species of humic acid in presence of Cobalt:

The ionic species of humic acid are given in Fig 4.4 and Table
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4.4. The anionic humic acid species is prominent right from pH 7

to 13 (Fig 4.4 and Table 4.4). The cationic and neutral humic

acid species are observed to be very low throughout the pH

range of 7 to 13. These observations are almost identical to

those of the humic acid species in absence of any added metal

ions. (cf. Table 4.1 and Fig 4.1). Apparently the presence of

cobalt ions has not made any dramatic change in the humic acid

species. But the change can be seen from pH 9 to 12 in the

solubilisation of Co (Table 3.7). From 94 jig Co in solution at

pH 8 the solubilised species of Cobalt reduced to 0.6|ng at pH 12

in blank. For the same pH range in case of humic acid 91 jig to

97 jig of Co are kept in solution by humic acid (Table 3.7).

There is a dramatic solubilisation of Co by humic acid in this pH

range . But there is no dramatic change in humic acid species.

The solubilised species of cobalt are predominantly anionic in

nature to the extent of 94% at pH 13. Humic acid has influenced

Co2+ ions to form anionic species quantitatively. Surprisingly

there is no perceptible change in the humic species. This brings
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Table-4.4

IONIC NATURE OF HUMIC ACID
IN PRESENCE OF COBALT
IN THE pH RANGE 7-13

PH

7.

8

9

10

11

12

13

Cationic

jug

431.96

nil

279.20

nil

nil

nil

nil

%

5.26

nil

3.39

nil

nil

nil

nil

Ionic nature
Anionic

JJ.g

7203.60

7467.00

7685.20

7257.00

7744.80

7734.80

7946.48

%

87.64

90.84

93.49

88.29

94.22

94.09

96.97

Neutral

jug

584.42

752.40

255.78

962.30

4.75,22

485.20

273.60

%

7.11

9.15

3.11

11.71

5.78

5.90

3.03
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out one important fact that a metal cation is complexed with a

ligand heavily without affecting the ligand's normal ionic

species. This has happened only in case of Co. Similar

interactions for Zn and Mn have had substantial change in the

ionic species of humic acid. At present we have no clear

explanation for this, except making a statement that perhaps Co

has been engulfed in the humic acid and masked from other

reactions.

4.6 Iron

4.6.1 Ionic species of humic acid in presence of Iron:

In presence of Iron, the ionic species of humic acid are given in

Table 4.5 and Fig 4.5. The humic acid measured by UV Visible

spectrphotometry shows in general humic acid in anionic form as

expected, except at pH 9 where anionic humic content is very

low and that part is exactly converted into cationic forms. From

pH 10 to 13 anionic forms are more than 75% . See Fig 11 and

chapter 3 shows that throughout the pH range of 7 to 13,

anionic form of Fe-humic speciation is seen . In the humic acid
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Table-4.5

IONIC NATURE OF HUMICACID
IN PRESENCE OF IRON

IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

13

Cationic

Hg

nil

nil

6649 00

314.07

nil

854.00

nil

——-———

nil

nil

80.89

3.82

nil

10.39

nil

Ionic nature
Anionic

8096.00

7883.70

657.60

7147.80

6440.00

6280.00

7755.90

%

98.49

95.91

8.00

86.96

78.38

76.38

94.50

Neutral

Hg

124.00

336.00

913.33

758.00

1776.00

1085.20

464.00

0/
• • • - / O •

1.51

4.09

11.11

9.22

21.62

13.20

5.60
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in presence of Iron
in the pH range 7-13
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at pH 7 and 8 an almost total anionic form is seen in Fig 4.5.

This suggests that at pH 9 a sudden change is taking place in

humic acid. Parallely we can see a part of this effect in the Fe-

humic species in Fig 3.11. There is a reduction of anionic

species at pH 8 and 9. But this is not as drastic as is observed in

case of humic species at the same pH. As in case of Fe a critical

pH range between 8 to 10 is seen for humic acid in presence of

Iron. At pH 9 there is a drastic reduction of anionic species

resulting in a corresponding increase in cationic humic species

(anionic reducing from 95.91% to 8% and cationic increasing

from nil to 81%). We are tempted to believe that there is

phenomenal change in the atmosphere of interaction between a

metal cation and a humic ligand. The sudden transformation at

die critical pH stabilises later into the predominantly anionic and

small quantities of neutral species positively though small in

amounts. There is a good comparison between the humic acid in

presence of Mn and in presence of Fe. (cf. Fig 4.3 and 4.5). The

general nature of the cationic, anionic and neutral humic species
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appear similar. Both Fe and Mn are known to form hydroxide

precipitates in presence of hydroxyl ions and the mimic acid

interference and influence appear identical in both the cases and

similar too. It has to be bome in mind that throughout this pH

range no Fe remained in solution in blank and in presence, of

humic acid it is forced in solution and during this interaction the

humic acid also undergoes sufficient turbulence in competition

with hydroxyl ions

4.7 Mercury

4.7.1 Ionic species of humic acid in presence of Mercury:

The humic species in presence of Mercury are totally different

than those in absence of any added metal ions (Fig 4.6& Fig

4.1). In absence of any added metal ions, about 90% and more

of the humic species are ahionic in the entire pH range of 7 to

13. The cationic and neutral species are negligible being less

than 10% during the same pH range (Table 4.6). The picture in

presence of Hg is dramatically changed. The cationic forms are

seen from nil to 33% whereas neutral forms are seen from nil to
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Table-4.6

IONIC NATURE OF HUMICACID
IN PRESENCE OF MERCURY
IN THE pH RANGE 7-13

pH

7

8

9

10

11

12

J3

Cationic

Mg %

nil

448.00

1428.00

2766.00

967.60

914.80

nil

nil

5.48

17.37

33.66

11.79

11.13

nil

Ionic nature
Anionic

Mg %

2968.00

5200.00

6792.00

2626.00

3792.00

4676.00

4134.00

36.19

63.66

82.63

31.95

46.22

56.89

50.29

Neutr

Hg

5231.00

2520.00

nil

2826.00

3444.00

2628.00

4086.00

al

%

63.80

30.85

nil

34.48

41.98

31.98

49.71
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Figure 4.6

Spedation of humic add
in presence of Mercury
in the pH range 7-13
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64%. This is phenomenally different. At pH 9, the anionic humic

species are about 83%. This also is lower than the value in case

of humic acid in absence of a metal ion. At pH 7, the humic

species in presence of Hg are only anionic and neutral. As we

go up in the pH range the cationic humic species increase upto

pH 10 then they slowly decrease to negligible quantities at pH

13. Humic anionic species increase steeply upto pH 10 and

decrease at pi MO to 32%, thereafter increasing to about 46-

56% upto a pH of 13. The drastic change is seen at about pH 9

(Fig 4.6) where anionic humic species peak and neutral species

disappear. But at pH 10, there is a strange situation when all the

three forms are equal. If we compare this situation of the humic

speciation in presence of Hg (Fig 4.6) to that of Hg in presence

of humic acid (Fig 3.14), a remarkable observation can be made.

Humic species and Hg species in this range of pH 9 to 10 are

approaching equality, which is more clear for Hg species than

in humic species. Undoubtedly the critical pH for Hg in presence

of humic acid is between 8 to 10. Beyond pH 10 both anionic
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and neutral humic species increase and the cationic humic

species decrease.

Mercury is a unique case. It does not precipitate as

hydroxide, still has played an important role in speciation with

humic acid. Unlike most of the other metal ions studied, right at

pH 7 it has formed significant humic complexes. There is no

gradual increase of neutral humic species in presence of Hg in

the entire pH range, as has been observed for Mn and Fe. The

interaction between Hg and humic acid have lots of ups and

downs indicating strong interaction. It has been postulated by

Wallschlager et al(20) that Hg complexes strongly with humic

acid perhaps through the sulphur atom. Their observation that

Hg was converted into immobile forms by the humic

components of the flood plain soils along the banks of river Elbe

provided a welcome relief. This Hg could be mobilised only at

higher pH values when the humic acid itself was mobilised along

with the bound Hg. This was one of the studies which prompted

us to look into the pH effect of the humic metal species.
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4.8 General: Our studies of these five elements Zn, Mn, Co, Fe

and Hg in association with a marine humic acid has provided an

insight into a possible critical pH of a metal-humic system.. In

case of Mn a possible critical pll observed earlier was 11.84(2I).

In our efforts in the present study we have not gone to the extent

of actual critical pH value of upto 2 decimal places, but have

succeeded in a possible narrow range of critical pH. This

appears to be between 9 to 11. We do not propose individual

critical pH values for the metal ions but instead we propose a

critical pH range of 9 to 11 where humic acid is exceptionally

active We are not sure as to the type of charge orientation,

exposure of hidden functional groups through dispersion and

opening up or folding up of the humic colloid which may be

responsible for such an interaction scenario.
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CHAPTER-5

SUMMARY AND OBSERVATIONS

5.1 Introduction: Humic acid has a unique effect on the metal ions

studied, in that it prevents the hydrolysable metal ions such as Zn,

Mn, Fe and to some extent Co from precipitating through

complexation. The dissolved cationic species of the metal ions in

presence of humic acid are cationic complexes of the metal ions in

association with the humic acid. It has been proved in chapter 3

that, the solubilised metal ions have been converted from cationic to

anionic and neutral species. The unique feature of the findings is

that there is perceptible change in the ionic behaviour of the humic

acid itself in presence of the metal ions. Such changes are explained

in comparison with the humic acid in absence of any added metal

ions (chapter 4). What has not been brought into focus is the

influence of the metal ions present in the structure of the humic acid

molecule. This has been highlighted by the studies in our laboratory

in the past, where the ash contents of the purified humic substances
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are reported to be between 1 to 3 % , Al, Fe, Zn, Mn, Co etc being

part of it (7I9). Presence of phosphorous is confirmed and

significant; although sulphur has not been analysed for, the tests in

the laboratory were positive. Both these elements (P & S) point

out to the presence of nucleic acid residues, sulphur coming from

the sulphur containing amino acids as has already been stated (34).

That humic acid has a net negative charge(19), it contains

carbohydrates including pentoses, the presence of amino acids in

addition to the carboxylic hydroxyl and phenolic hydroxyl makes its

chemistry highly complex. From a statement that humic acid

provides exchange sites for metal ions (alkali and alkaline earth

metals), progress was made adding that the di and tri-valent and

transition elements form predominantly non-cationic complexes

(7,18,19) A t>xliit in bias that humic acid forms anionic complexes

was perhaps responsible for the lack of studies in the ionic nature of

these ionic complexes, though a feeling that humic substances could

be redox active was being contemplated. However, detailed

investigations on the cationic, anionic and neutral species of the
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humic metal associations were lacking. Another important feature in

the field that did not receive enough attention was the effect of pH,

though Mn was found to have the maximum complexation (non-

cationic) with humic acid at a pH of 11.84 (21). This brings in focus

the present studies of cationic anionic and neutral species of humic

acid-metal association in the pH range of 7 to 13.

5.2 Zinc

5.2.1 Cationic : Speciation of Zn in presence of humic acid and

speciation of humic acid in presence of Zn have been described in

chapters 3 and 4 respectively. The cationic species of humic acid -

Zn and Zn-humic complexes are shown in Fig 5.1. From pH 7 to 9

Zn-humic complexes were totally cationic. From pH 9 to 12 they

decrease tremendously from 100% to about 10%. Then they

remains at the same level upto pH 13. In case of humic acid in

association with Zn, exactly opposite behaviour is seen from pH 7

to 11 and from pH 11 to 13 they are behaving in a similar manner.

5.2.2 Anionic : The anionic species are shown in Fig 5.2. Again

from pH 7 to 11, Zn-humic complexes and humic acid in
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Figure 5.1

Cationic species of
humic acid-Zn and Zn-humic complex

in the pH range 7-13

100 *

8 pH

-Humic acid

10 11 12 13

-•-Zn-Humic complex
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Figure 5.2

Anionic species of
humic acid-Zn and Zn -humic complex

in the pH range 7-13

100

10 11 12 13

Humic acid -Zn-humic complex
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association with Zn behave in an opposite manner. From pH 1 to

13 they behave in a similar manner.

5.2.3 Neutral: The neutral species are given in Fig 5.3. Between

pH 7 to 9 their behaviour is somewhat different and from pH 10 to

13 they seem to behave in a similar manner. This is indicated by

the lines that are somewhat parallel to each other but not identical.

5.2.4 Cationic & non-cationic : Fig 5.4 shows the cationic and

non- cationic species of Zn-humic acid complex. As expected the

non-cationic species are formed at the cost of cationic species. The

rates of formation and destruction are identical with the slope of

17.57.

5.2.5 Anionic & Neutral : Fig 5.5 shows the anionic and neutral

species of Zn-humic acid complex versus pH. Both anionic and

neutral species increase with pH; the rate of formation of anionic

complexes are significantly higher than the neutral complex, the

slopes being 16 and 1.2 respectively.

5.3 Manganese

5.3.1 Cationic: The cationic Mn-humic acid complexes are
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Figure 5.3

Neutral species of
humic acid-Zn and Zn-humic complex

in the pH range 7 - 1 3

100

Humic acid -e - Zn-Humic complex
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Figure 5.4

Speciation ofZn
in presence of humic acid

in the pH range 7-13
Cationic and non cationic species

100

y = 17.567x-35.489

.Cationic . ".Noncationic
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Figure 5.5

Speciation ofZn
in presence of humic acid

in the pH range 7-13
Anionic and neutral specieS

y=16.338x-34.146

y=1.2289x-1.3429

•Anionic rf-L Neutral

131



predominant upto pH 9 and they suddenly reduce from 9 to 12

being practically nil at pH 12 and are nil even at pH 13 (Fig 5.6).

The humic acid in presence of Mn does not have significant amount

of cationic species except at pH 10.

5.3.2 Anionic: As far as anionic species of Mn-humic acid

complexes are concerned they start forming only at pH 10 and

generally increase upto pH 13 (Fig 5.7). In case of humic acid in

presence of Mn, they behave in the opposite direction upto pH 10,

thereafter they seem to behave in a similar manner (Fig 5.7).

5.3.3 Neutral: Fig 5.8 gives the neutral species. Neutral Mn-humic

complex species start forming only at pH 8 and from pH 9

onwards, they build up rapidly. Humic acid in presence of Mn

builds up to neutral species gradually from pH 7 to 13.

5.3.4 Cationic & Non-cationic: Obviously the Mn-humic acid

cationic and non cationic species reveal a similar nature as in case

of Zn non cationic species being formed at the cost of cationic

species (Fig 5.9), the slopes being practically identical
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Figure 5.6

Cationic species of
humic acid-Mn and Mn-humic complex

in the pH range 7-13
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Figure 5.7

Anionic species of
humic acid-Mn and Mn-humic complex

in the pH range 7-13
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Figure 5.8

Neutral species of
humic acid - Mn and Mn-humic complex

in the pH range 7-13

8

- Humic acid

pH 10 11 12 13

Mn-humic Complex
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Figure 5.9

Speciation o/Mn
in presence of humic acid

in the p'H range 7-13
Cationic and non cationic species

y = 20.559X - 33.544

^=_-2O555x+ 133.52

PH

: Cationic Non-cationic
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with opposite signs.

5.3.5 Anionic & Neutral : Fig 5.10 gives the anionic and neutral

species of Mn-humic acid complexes in the pH range 7 to 13. Both

these species increase with increase in pH, the slopes being 6.27 for

anionic and 14.3 for neutral species. This indicates the formation of

larger amount of neutral species compared to the anionic species.

This was not the case for Zn.
• i

5.4 Cobalt

5.4.1 Cationic: Co-humic cationic complexes are predominant upto

pH 9 (Fig 5.11). Then these decrease and come to zero % at pH 13.

However the cationic humic species in presence of Co seem to be

non-existent.

5.4.2 Anionic: The anionic species of humic acid -Co and Co-

humic complexes are given in Fig 5.12. The anionic Co-humic

complexes start forming predominantly after pH 9 and reach a

maximum at pH 13 (>90%). Throughout the pH range of 9 to 13,

the anionic species of humic acid in presence of Co do not seem to

change much except that there is indicative gradual increase.
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Figure 5.11

Cationic Species of
humic acid-Co and Co-humic complex

in the pH range 7-13
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Figure 5.12

Anionic species of
humic acid-Co and Co- humic complex

in the pll range 7-13

100 —

8

Humic acid

10 11 12 13
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5.4.3 Neutral: Fig 5.13 gives the neutral species. The neutral Co-

humic species start forming at pH 9 and increase upto pH 12. The

neutral humic acid species in presence of Co do not show any

significant variation being present only at around 5 to 10%.

5.4.4 Cationic & Non-cationic: As in case of Zn and Mn the non-

cationic Co - humic species are formed at the cost of cationic

species (Fig 5.14), with identical slopes of opposite signs.

5.4.5 Anionic & Neutral: Fig 5.15 gives the anionic and neutral

species of Co-humic acid in presence of Co. Anionic species are

predominantly formed with increase in pH, the slope being 15.8.

The neutral species also increase with pH with a lower slope of 2.7.

This is somewhat similar to Zinc but not Mn.

5.5 Iron

5.5.1 Cationic: The cationic species of humic acid in presence of

Fe and Fe-humic acid complexes are given in Fig 5.16. The

cationic Fe-humic complex seems to be lower at higher pH values.

The cationic humic acid species in presence of Fe seem to behave

totally in a different way. A spurt of their cationic species is seen at
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Figure 5.13

Neutral Species of
humic acid-Co and Co-humic complex

in the pH range 7-13
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Figure 5.14

Speciation of Co
in presence of humic acid

in the pH range 7-13
Cationic and non cationic species
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Figure 5.15

Speclatlon of Co
in presence of humic acid

in the pH range 7-13
Anionic and neutral species

= 15.786x-16.499
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Figure 5.16
Cationic species of

humic acid-Fe and Fe-humic complex
in the pH range 7-13
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pH 9 and 12. Otherwise they seem to be in negligible quantities.

5.5.2 Anionic: The anionic species are shown in Fig 5.17. The

anionic Fe-humic complexes seem to increase with pH; but are

present always at about 80% and more. It is unique that the anionic

species of Fe-humic complexes are always above 80% whereas

those of Zn, Mn and Co are less than 10% upto pH 9. The anionic

humic acid species in presence of Fe seem to decrease with increase

in pH except at pH 13 where there is an increase.

The anionic humic acid -metal complexes have a nose-

dive at a particular pH . For Zn it is pH 11, for Mn it is pH 10 , for

Co it is only indicative at pH-10 and for Fe this is at pH 9. We are

tempted to term this pH as critical pH for a particular metal ion.

Thus the critical pH for Zn, Mn, Co and Fe are 11, 10, 10 and 9

respectively. At the so called critical pH for a metal ion, except for

Mn and Co, the anionic and the neutral humic acid species in

presence of the metal ion appear to be equal in abundance. This is

true even for Hg.

5.5.3 Neutral: Fig 5.18 gives the neutral species. Both humic acid
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species in presence of Fe and Fe-humic acid species seems to

behave in parallel.

5.5.4 Cationic & Non-cationic: Fig 5.19 gives the cationic and

non-cationic species of Fe-humic complexes. Non cationic species

are totally predominant through out the pH range with a tendency

to increase with pH. We do not see much of a difference of the

cationic species with pH; and the amounts of cationic species are

negligible.

5.5.5 Anionic & Neutral: Fig 5.20 gives the anionic and neutral

species of Fe-humic acid complexes. The anionic species are

predominant at around 85 % with an indication of increase with pH

with a slope of 0.7.

The neutral species are practically unchanged and is at

around 9% throughout the pH range of 7 to 13.

5.6 Mercury

As stated earlier Hg is unique because even in the

blank, practically all added mercury was solubilised but the entire
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Figure 5.20

Speciation of Iron
in presence of humic acid

in the pH range 7-13
Anionic and neutral species
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amount was cationic. In presence of humic acid there is a reduction

in the cationic species.

5.6.1 Cationic: The cationic species of humic acid in presence of

Hg and Hg in presence of humic acid are given in Fig 5.21. The

humic acid species increase gradually from nil to about 35%

upto pH 10 and then they reduce gradually to nil at pH 13. The Hg-

humic acid cationic complex also behave in a similar way

throughout the pH range and the maximum amounts of cationic

species are also at around 35%.

5.6.2 Anionic: Somewhat similar behaviour can be seen in case of

anionic species given in Fig 5.22. The anionic humic acid species

increase from around 35% at pH 7 to 80% at pH 9 with a sudden

drop back to at about 30% at pH 10 and subsequent increase upto

pH 13. The Hg-humic acid anionic complexes also behave in a

similar way.

5.6.3 Neutral: The neutral species of humic acid in presence of Hg

and Hg-humic acid complexes are given in Fig 5.23. The humic acid

neutral species decrease steeply from about 65% at pH 7 to nil at
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Figure 5.21

Cationic species of
humic acid-Hg and Hg- humic complex

in the pH range 7-13
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Figure 5.22
Anionic species of

humic acid-Hg and Hg- humic complex
in the pH range 7-13
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pH 9 and thereafter they seem to increase gradually upto pH 13.

The neutral Hg-humic acid complexes are about 37 % at pH 7 and

they gradually decrease with increase in pH upto pH 13.

5.6.4 Cationic & Non-cationic: As expected the non-cationic

species of Hg in presence of humic acid increase with increase in

pH with a slope of 3.3 (Fig 5.24). Obviously the cationic species

decrease in an identical way.

Among the non-cationic Hg-humic acid species, the

anionic species increase with increase in pH with a slope of 6.2 and

the neutral species decrease with increase in pH with a slope of -

2.9.

5.6.5 Anionic & Neutral: Fig 5.25 shows the intercepts of the

anionic and neutral species are about the same (31.5 for anionic and

35.4 for neutral) suggesting their possible equal abundance at pH 7.

5.7 Inter dependence of species

A cursory view on the Figures 5.5, 5.10, 5.15, 5.20,

5.25 automatically separates them into three categories.
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Figure 5.24
Speclatioh ofHg

in presence of humic acid
in the pH range 7-13
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Figure 5.25

Speciation o/Hg
in presence of humic acid

in the pH range 7-13
Anionic and neutral species
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I. The best fit lines of the anionic and neutral species are practically

parallel to each other suggesting consistency of the anionic and

neutral species through out the pH range 7 to 13. This happens in

the case of Iron (Fig 5.20). We can conclude that Fe forms

predominantly anionic species (85%) with the humic acid in the

experimental pH range. This may as well be true for the rest of the

pH range i.e. 0 to 7.

II. The best fit lines of the anionic and neutral species having

positive slopes. This happens in the case of Mn and Co (Figures

5.5,5.10, 5.15). These elements form anionic and neutral species in

increasing quantities with increase in pH. Whereas Zn and Co form

anionic species with a slope of about 16, Mn forms the species with

a slope of 6. On the contrary the slopes of the formation of the

neutral species are 1.2 for Zn, 2.7 for Co and 14.3 for Mn. The

neutral species formation is low in Zn and Co, whereas this is high

in case of Mn. That is how the best fit line of neutral species ties

much above the anionic species in case of Mn, whereas reverse is

the case for Zn and Co. In all these cases the best fit lines of
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anionic and neutral species meet in the pH range of about 7 to 8.

III. The best fit lines of the anionic and neutral species are having

positive slopes for anionic and negative slope for neutral species.

This is the unique case of Hg (Fig 5.25). Anionic species are formed

with a slope of about 6 ( matching well with that of Mn). Strangely

enough the neutral species form with a negative slope of-2.87. That

is with increase in pH the neutral species decrease. This may also

point out to a fact that increase in acidity produces more neutral

Hg-humic species. This is entirely different from the remaining four

elements.

Thus the abundance and the type of species have an

interdependence on

1) Metal ion 2) Types of species and 3)ThepH.

We are aware of the short comings of these arguments.

The results discussed in the study are limited to the experimental

conditions. The optimum mix of the metal ion and the humic acid at

a particular pH is not investigated here. This will be our next

endeavour.
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