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refuse and sewage sludge from metropolitan area
has received increased attention to solve the
pollution problems of our urban environment.
Numerous workers have investigated the useful-
ness of their materials in the aspect of fertilizers.
Most of the researchers (1,2,3) have emphasized
the value of the organic wastes as major nutrient
sources as soil amendments.

However, same workers (1,4,5) advocated those
materials as micronutrient sources.

Recently, Park and Lindsay (6) proved the
effectiveness of garbage compost and activated
sewage sludge as chelating agent sources. O’Co-
nnor et al.(7) also found that diffusion of Fe in
the soil increased linearly with concentration of
water-soluble chelated Fe suggesting the import-
ance of water solubility of chelates with respect
to Fe availability in soil.

This experiment aimed at investigating the

properties of the water-soluble natural chelating
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agents from garbage compost and activated sew-
age sludge responsible for Fe chelation.

The water-soluble fractions of these materials
were fractionated by means of Sephadex gel
filtration and the fractions of Fe chelates were
traced by radioactive®Fe.

The fractions were examined by UV and IR
spectroscopy, and stability constants for Fe was
also studied exchange equilibrium method.

MATERIALS AND METHODS

Two solid organic waste materials were used
in this study. One was a garbage campost obtai-
ned from the Richland Composting plant near
Boulder, Colorado. This

by an aerobic composter, capable of transforming

material was processed

100 tons of incoming garbage wastes per day
into odorless product.

The other was a dried activated sewage sludge
processed by adding FeCl; and lime to facilitate

flocculation of the suspended organic materials

prior to vacuum filtration at the Metropolita
Denver Sewage Disposal District in Denver,
Colorado.

Preparation of Samples
Water extracts were prepared by placing 400g
of air-dried solid wastes into a 5-liter Erlenmeyer
flask and adding four liters of de-ionized water.
The suspensions were then filtered through
Whatman No. 2 filter paper, and the filtrate were
stored in a refigerator during the experiment.
Sephadex Column Fractionation
Medium grade Sephadex G-25 and G-50 were
suspended in distilled water and packed in a
Sephadex The void
volume was determined with 0.2% Blue Dextran
2,000 (Pharmacia Fine Chemicals, Inc.).

A 20 ml-aliquot of sewage extract or a 40

column (1.9cm X 90cm).

ml-aliquot of compost extract was concentrated to
2ml by means of a rotatory evaporator under
vacuum at 50+5C. To trace the active chelating
agents, 1 uc of Fe was added before concent-
ration. The concentrated extracts were added to
the column and eluted with 0.02M (NH,),COs
buffered at pH 7.9. This pH corresponded to the

pH of the soil used in the greenhouse study.

Two to three milliters eluates were collected int
the test tubes using a fraction collector.

Absorbance of ultraviolet light at 260 mu was
determined in each collection tube using a Beck-
man DB specirophotometer. Also 2ml of eluates
were taken from each collection tube, and the
radioactivity of ®Fe was counted in a well-type
scintilation counter for one minute.

UV and IR absorption Spectroscopy

The ultraviolet absorption spectrum of each
fraction separated by Sephadex G-25 was deter-
mined over the range of 300 to 220 mu using a
Beckman DB spectrophotometer. The effect of
pH on the absorption maxima of a few fractions
from sewage extract was examined in 1 N HCl
and 1N NaOH solutions.

Measurement of Stability Constants

The principle of resin-exchange equilibrium
was used to determine the stability constants of
This
fact that a quantity of metal bound to a given

metal complexes. method is based on the
weight of resin at equilibrium, MR, is proporti-
onal to the concentration of free ions, (M), in
solution. Martell and Calvin (8) reported the
following relationship for determining stability
constant of water-soluble chelates:

log 2o/ 2—1) =logK+xlog (ch)

where Xo:(—l\{%~ is the distribution constant in
absence of chelating agent.
1= MR is the distribution
(M) + (MCH) constant in presence
of chelating agent.
K= (MCH) is the stability const-
(M) (CH)X

ant of the complex.

x is the number of molecules of complexing
agent which combine with 1 mole of
metal, and,

(CH) is the concentration of the complex-
ing agent in moles per liter.

The extracts of garbage compost and sewage
sludge were purified by passing them through
Amberlite IR-120 cation-exchange resin. The stock
solution contained 6.5 and 5.3mg organic matter
per ml of compost and sewage extracts, respect-
ively. A 10-ml aliquot of stock solution was used

to determine the influence of pH on the chelating
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-rability of organic compounds. A 2.5ml of IN
'KCI and 1ml of FeCls solution containing 100 ug
“Fe and 1 uc %Fe were added. The pH was adj-
usted to 4.0 with either' 0.1 N KOH or 0.1 N
HCl. The mixture was diluted to 25ml and tran-
sferred to a 50-m! Erlenmeyer flask, and 0.5g
K-saturated resin Amberlite IR-120 (15-20 mesh)
was added. The suspension was equilibrated by
overnight shaking at 25+2C.
Ferric iron precipitated with pH adjustment
and thus interfered with the measurement of
But the stability
constants for Zn chelates from which the strength

stability constants of Fe3'.

of chelation with Fe could be presumed were
successful using the same procedure attempted
for Fe. Aliquots of 2,4,6,8, and 10 ml of com-
post extract and 3,6,9,12, and 15 ml, of sewage
extract with blank were taken.

A 2.5 portion of N KCl and 10 ug of.Zn
containing 1 uc % Zn were added to each aliquot
and the pH was adjusted to 4.0. The mixture
was made up to 26ml, and 0.5g of K-saturated
resin was added.

One hour shaking was sufficient to attain equ-
ilibrium.

The concentration of chelating sites was mea-
sured by adding excess metals to precipitate the
metal-complexes as suggesed by Randhawa and
Broadbent (9). Ten milligrams of Zn as ZnSOy,
and 2.5 ml of IN KCl were added to 5 ml alig-
uots of extracts. The pH of the resulting solution
was adjusted to 4.0, and the volume was made
up to 25 ml. The suspension was centrifuged,
and the concentration of Zn remaining in the

solution was measured.
RESULTS AND DISCUSSIONS

Sephadex Column Fractionation

Sephadex G-25 separated the compost extract
into four major fractions according to UV absor-
ption at 260mu (Fig. 1) Fraction I appeared at
the void volume of Sephadex G-25, which has a
molecular weight fractionation range of about
100 to 5,000. . Since the molecular configuration
of compounds; in the water extracts is not known,

it was.not.possible to determine. exact molecular
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Fig. 1. Fractionation of water-soluble organic
materials from garbage compost with its
associated % Fe activity using Sephadex

G-25.
weights for the fractions by calibrating with
known standards. However, according to the

general exclusion limit of Sephadex G-25, the
molecular weight of fraction I probably exceeds
5, 000.

Almost all the added %° Fe was associated with
fraction I. When Sephadex G-50 was used for
further separation of fractions from the void
volume (Fig. 2), most of the organic matter as
well as % Fe appeared at elution volume 160 to

180ml. The results indicate that chelating agents
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Fig. 2. Fractionation of water-soluble organic
materials from garbage compost with its
associated % Fe activity using Sephadex
G-50.

from garbage compost responsible for Fe chelation
have molecular weights ranging from 5,000 to
10, 000.

Sewage extract showed six major fractions
when separated with Sephadex G-25 (Fig. 3). A
majority of the Fe chelates showed moecular

weights below 5,000. Only a small fraction app-
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Fig. 3. Fractionation of water-soluble organic
materials from sewage sludge with its

associated ®Fe using Sephadex G-25.

eared at the void volume (fraction I). By fract-
ionation with Sephadex G-50 (Fig. 4), most of
the organic matter in sewage extract as well as
%Re appeared between elution volumes 130 and

210 ml. Again the chelating agents in fraction I
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Fig. 4. fractionation of water-soluble organic

materials from sewage sludge with its
associated ®Fe activity using Sephadex
G-50.
by Sephadex G-25 represent moiecular weight
between 5,000 and 10, 000. Discrepancy between
UV absorption and * Fe radioactivity indicates
that these fractions separated by Sephadex gel
filtration contained heterogenous compounds with
respect to Fe chelation. Karpukhin and Fokin®
used paper chromatography to obtain further
separation of fractions separated by Sephadex.
The major chelating agents from these solid
waste extracts responsible for Fe chelation are
not apparently low molecular weight organic acids

or amino acids as reported for soil podzolization
processes (11,12,13),

Ultraviolet Absorption Spectra

Ultraviolet absorption spectra were obtained for
the water-soluble organic matter fractions of gar-
bage compost and sewage sludge separated by
Sephadex G-25.

Fractions of compost extract showed no special
in the near UV region (Fig. 5).
Those spectra are quite similar to those reported
for soil humic acids®®.

absorption
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Fig. 5. UV absorption spectra of all fractions of

compost extract and fraction I, II, and

111 of sewage extract separated by Seph-
adex G-25.

UV ABSORBANCE

Humic and fulvic acids, however, begin absor-
bing at 700 mp whereas the compost extract
begins at 500my and sewage extract at 400mgp.

Fractions IV, V,

showed significant absorption maxima in the near

and VI of sewage extracts

ultra-violet region (Fig. 6). Fractions IV and V
ahsorbed at 260 and 250mp, respectively, which

suggests possible association with nucleic acid
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Fig. 6. UV absorption of fraction IV, V, and VI ]

of sewage extract and pH effect.

components.

The effect of pH on the absorption maxima
was also examined. Under strong acidic conditi-
ons, fraction 1V and V showed bathochromic
shifs, and under alkaline conditions, even greater
shifts were noted. These phenomena are usually
associated with nucleic acid components, mainly
due to ionization of bases®518,

Accordingly fractions IV and V may contain
decomposition products of nucleic acid as one of
the main constituents.

Fraction VI showed absorption at about 270
and 240mp. The absorption at 270mg seemed to
indicate the presence of aromatic amino acid
components 17,

The effect of pH was examined to test for
ionizable phenolic group as in tyrosine®®. A
bathochromic shift was observed in N NaOH and

hypsochromic shift in N HCl. The results suggest
that fraction VI might contain the tyrosine com-
ponent. The absorption at 240myu was not identi-
fiable and nearly disappeared by changing pH,
possibly due to hypochromic effect.

Infrared Absorption Spectra

Infrared spectroscopy is one of the most rapid
and convenient tools available for compound
identification and structure analysis in organic
chemistry and biochemistry.

Considerable effort has been spent in studying
the infrared spectra of complex substances such
as proteins, nucleic acids, carbohydrates, coal,.
and humic acids19,20,21,22),

The infrared spectra (4,000—650cm™%) of water
extracts of garbage compost and sewage sludge
in KBr pellets are given in Fig. 7.
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Fig. 7. Infrared spectra of water extracts of
solid organic wastes.

800

Because of the superposition of absorption
spectra of various groups in such complex mole-
cules, the spectra were rather indefinite and
broad. It was difficult to assign the absorption:
band to exact groups of molecular structure as:
already pointed out by the other workers (@32,

Better resolution of spectra was obtained by
fractionation by Sephadex G-25. The major
absorption bands of the original water extracts:
as well as the fractions separated by Sephedex
gel filtration (Fig. 8, 9) were at 3400, 1600, and.
1100cm™L. These absorption maxima were similar,
with a few exceptions, to those of fulvic and:
humic acids from soil 25,2228

Kononova®? concluded that the similarity of

spectra, from comparative studies on humic acids.
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Fig. 8. Infrared spectra of fractions of compost
extract separated by Sephadex G-25.

2500 2000 1600 1200 800
WAVE NUMBER(cm-1)

Fig. 9. Infrared spectra of fractions of sewage
extract separated by Sephadex G-25.

3500

from different soils, could suggest similar struct-
ure of these acids.

A strong absorption band appeared in all spectra
at 3400cm™' region. Unassociated OH and NH
bonds normally give sharp peaks near 3840 and
3510cm™, When association by

hydrogen bonding occurs, the bands become

respectively.

broader and frequencies are lowered to 3400—
3300cm ™, The broad absorption band at 3400cm™
therefore, assigned to alcoholic

groups with H bonding. There was some absorpt-

region was,

ion due to NH bonds similarly associated and
superimposed on the hydroxyl absorption. Absor-
ption at the 3230cm™ might be due to H-bonded

NH stretching vibration (7,28

Absorption bands at 2960, 2925, and 2850cm™?
were identified as methyl and methylene group
CH stretching vibrations. Aromatic CH stretching
band at 3030cm™® was not recognizable, possibly
because of either negligible quantity or a high.
degree of substitution(®®,

A strong, broad absorption near 1620cm™t pos-
sibly overlapped the carboxylate ion C=0 stret-
ching, C=C stretching from aromatic structure,
and C=N stretching vibration from the heteroc-
vclic nitrogen compounds®?. Strong absorption
at 1400cm™ may be assigned to symmetrical
carboxylate C=0 bond. The extra high intensity
of absorption at 1620cm™ region does not exclu-
de the presence of quinone and nitrogen C=N
in cyclic form.

Compost extract showed the strongest absorp-
tion in the region of 1400cm™ to which also
methyl group deformation is assigned (exactly
at 1375¢m™ ). This
considerable proportion of methyl groups in the

suggests the presence of a

component molecules.

Bellamy,¥® assigned two strong characteristic
absorption bands at 1600, and 1500cm™ to an
aromatic ring system. Although absorption in the
1600cm™! region might include C=C stretching
of aromatic rings, the absence of significant
absorption in the 1500cm™ region with sewage
extract suggested that the aromatic compounds
were not abundant. However, in case of compost,
absorption in the 1500cm™ was strong and broad,
possibly due to decomposition products of lignin
from garbage.

Sewage extract showed absorption at 1540, and
650—700cm™}, suggesting that it contained abun-
dant polypeptide or protein compounds 051,

Absorption in the 1100cm™!
carbohydrate absorption®® is usually assigned to
C-0-C of
According to Cannon®®
bending and C-OH
assigned to 1075—1000cm™ and glucosidic or
sugar ring stretching 1100—1170cm™. In the

region, so called

ring and glucosidic linkage.
and Bellamy®®, OH

stretching vibration was

sugar

sewage extract, aliphatic OH and C-OH groups
appeared to be responsible for absorption in this

region. Absorption by compost extract near 1110
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and 1130cm™1,

sugar ring vibration,

suggests glucosidic linkage and

The. infrared spectra of the fractions obtained
by Sephadex G-25 (Fig. 8, 9) showed apparently
better resolution. Fraction I of compost extract
showed absorption in the 1620, 1230, and 1270
cm™! is assumed to be due to phenolic or hydr-
oquinone ether C-0-C1%:3®  Possibly the polyph-
enolic structure might be derived from lignin
components of garbage. Since most of the %Fe
was found in fraction I, additional phenolic or
quinoid groups may account for its better ability
to chelate iron. The other fractions, not associa-
ted with ®Fe, still showed strong carboxylate
and hydroxyl group absorption. This suggests
that these groups in the fractions may not form
Fe chelates independently. Schnitzer and Skin-
ner® also pointed out that carboxylic and
phenolic hydroxyls appear to react simultaneously
in metal chelation of fulvic acid, but minor types
of reactions occur with less acidic carboxyl
groups, but alcholic hydroxyls do not participate
in the organo-metallic reactions.

Fraction I, II, and III of the sewage extract
showed a significant peak at 1540cm™! possibly
overlapped with other carboxylate C=0 stretch-
ing. Only fraction III showed appreciable absor-
ption at 670—700cm ! due to NH out of plane
deformation of the protein structure. The higher
molecular weight fractions I, II, and III, associ-
ated with more polypeptide structure, contained
most of the added %°Fe. Thus the amide group
of peptide linkage in higher molecular weight
fractions seemed

ability with Fe.

to provide better chelating

In conclusion, fraction I of the compost extract,
which chelated most of the added 5°Fe, showed
weak but definite phenolic C-O-C absorption in
the 1230 and 1270cm™t

that oxygen groups in polyphenolic structure

regions. This suggests

from garbage compost appear to be effective in
Fe chelation. In sewage extract fraction I, II,
and UI, which contained most of the %Fe, showed
strong definite polypeptide absorption in the

region of 1540cm™ due to NH deformation and

C-N stretching of amide groups. These functional
grops in these fractions of sewage extract seem
to be associated with Fe chelation. _

The other fractions, not associated with *Fe,
still showed strong carboxylate carbonyl and
hydroxyl groups. Apparently many of these
functional groups in»the water extracts are not

involved in Fe chelation.

Stability Constants of Water-Soluble Ch-
elating Agents

Attempts were made to measure the stability
constants of these water-soluble chelating agents
by an ion-exchange equilibrium method. Since
ferric hydroxide was precipitated even at pH 4.0
it was not possible to measure the concentration
of ionic and chelated Fe in solution. However,
since the stability constants for Zn chelates from
which the strength of chelation with Fe could
be predicted were successful the results with Zn
were reported here.

As Martell and Calvin®® indicated,

of chelation is mostly pararell within the differ-

the trend

ent transition metals with same chelating agents,
even though the chelation may depend upon both
the properties of chelating agents and those of
metals.

The concentration of chelating sites for Zn at
pH 4.0 was 0.82 mM for the compost extract
and 0.64 mM for the Fig. 10

shows the relatinoship between relative concent-

sewage extract.
ions of chelating sites and 2/2—1, which are
used to determine the stability constants by the
ion-exchange equilibrium method. Fig. 10 The
stability constant of compost extract at pH 4.0
was 8.23 and that of sewage extract was 9.75.
These values are a little higher than those repo-
rted by Miller and Ohlrogge (35) for manure
extract at pH 6.5.

Clark and Turner (36) pointed out that a
plot of log (/i—1) vs. log (Ch) is straight
only for mononuclear complexes or for limited
concentration ranges. They also pointed out that
the plot of log (16/2-1) vs. log (Ch) does mnot
provide suitable means for polynuclear soil orga-

nic matter complexes. Probably these values may
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Fig. 10. The relationship used to determine

stability constants of water-soluble Zn

chelates from solid organic wastes at
pH 4.0.

be limited in these concentration ranges and can
not be generalized. Howerer they provide appro-

ximate estimates of the chelate stability constants.

SUMMARY

‘This study was conducted to study the properties
-of the water-soluble natural chelating agents from
compost and activated

garbage sewage sludge

responsible for Fe chelation, which is closely
associated with the effectiveness in correcting
iron chlorosis in plant. The water-soluble fraction
-of these materials was fractionated by menas of
Sephadex gel filtration and the fractions of Fe
%Fe. The

fractions were examined by ultraviolet and infra-

chehates were traced by radioactive

red. spectroscopy and stability constants for Fe.

The water-soluble fraction from garbage com-
post was separated by Sephadex G-25 into appr-
-oximately four fractions.

Most of the added *Fe was associated with

fraction I, which appeared at the void volume.
Further fractionation by Sephadex G-50 indicated
that ‘the molecular weight of water-soluble chela-
ting agents is in the approximate range of 5000
to 10, 000.

The water-soluble fraction from activated sew-
age sludge gave six fractions by Sephadex G-25.
Most of the added 5°Fe was found in the fraction

LII, and III, The molecular weights of most
chelating agents associated with 5*Fe appeared to
be less than 5,000 and those of fraction I that
appeared at the void volume was in the range of
5,000 to 1, 000.

Discrepancy between radio activity count and
UV absorption indicated the heterogeneity of the
fractions obtained by Sephadex gel filtration.

Ultraviolet absorption spectra of all fractions
separated by Sephadex G-25 and containing chel-
ating agents showed no differences. Fraction
IV and V of sewage extract showed absorption
maxima and shifting similar to nucleic acid
components suggesting the presence of decomposi-
tion products Of nucleic acid. Similarily fraction
VI contained phenclic type amino acid groups.

Fraction I of compost extract contained most
of the added *Fe and
definite absorption in the 1230,

showed weak but extra
and 1270cm™!
region, suggesting that extra oxygen groups in
polyphenolic structure were probably involved in
Fe chelation.

fraction LI, and Iil in

which most of the ®Fe was found, showed

In sewage extract,

strong definite polypeptide absorption in the
region of 1540cm™ due to NH deformation and
C-N stretching of amide groups in the peptide-
bond. These extra functional groups in fraction
I, II, and III appeared to be associated with Fe
chelation.

The other fractions, not associated with 5°Fe,
still have carboxyl and hydroxyl groups, sugge-
sting that these functional groups in these water
extracts may mnot independently form the Fe
chelates.

Precipitation of ferric hydroxide precluded
measuring the stability constants for Fe-chelates.

However, the formation constants for Zn chelates
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as. log. K- values for compost. extract. and;sewage.

extract at: pH 4.0 from which, the - strength of
chelation with:Fe. could be.presumed, were 8.23;
and 9.75, respectively;, indicating. strong.compl-

exation with metals.

The chelating capacity of compost extract

containing- 6.5 g. organic matter per. liter. was

0.82 mM, and.that. of sewage. extract containing
5.3 g per liter was 0.64. mM.
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