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Abstract: The magnitude of chrome waste effluent generated by the industry is multiplied rapidly causing
irreversible damage to fauna and flora, demands remedial action immediately. An attempt has been made to
develop a strategy to combat chrome pollution with humic acids. To look into the chemical change, molecular
structure and an exact end point of the reaction was noted using FTIR technique. It was concluded that at the
moderate pH of 8.5 all the waste chrome was settled down as chromium humate complex, which is also
recyclable.
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INTRODUCTION the effluents is rising sharply and posing a constant

Industrial growth in Pakistan greatly enhanced polluting groundwater. Chromium compounds are toxic
concerns for the development of measures to combat the and can cause harmful and irreversible damage to health
resultant generation of wastes and the water pollution by single, repeated, or prolonged absorption [4].
problem. The leather industry occupies an important Humic acids (HA) isolated from coals using an
position in Pakistan’s economy, ranked third in the export alkaline solution, are very complexed organic
earnings. Because of the lack of tannery wastewater macromolecules with acid functional groups, primarily
treatment facilities, the industry has caused an alarmingly carboxylic acids and phenols as well as carbonyls, amines,
irreversible degradation of the environment. There are 188 aromatic and aliphatic carbons. Humic acid binds heavy
tannery units in Pakistan, out of which 50% are located in metals due to its higher content of oxygen containing
Karachi. These tannery units have an estimated installed functional groups [5], which can form stable complexes
capacity of about 39.98 million square meter of chrome with metals as Cu (II), Hg (II), Cd (II), Cr (III) etc. This
leather production. The tannery effluents are divided into binding capacity has been demonstrated in several
beam house effluents and the tanning operation effluents. studies [6, 7]. It is found that humic substances can
During the tanning process, chrome liquor is the major reduce the concentration of free metals ions in waters [8].
pollution causing effluent, usually containing 100-540 mg Humic acids form complexes with metals and the
chromium per liter. This is being mixed with the beam metal relationship capacity of humic acids is dependent
house effluents and discharged untreated by tannery on the pH and the concentration of humic acids used. The
industries in the nearby streams and rivers or even on resulting metal plus the humic acids complex is non-toxic
open land (Fig. 1). It has been shown by various studies and can be utilized in agriculture and industry [9]. Humic
that along the way, chromium settles down in the acids have higher metal binding capacities than most
sediments which find its way via the Malir River to the commercial ion exchangers and they selectively bind,
Arabian Sea [1, 2]. Chromium bearing tannery waste has store and release metals, so that they can be substituted
also affected the quality of groundwater [3]. With the for other more expensive, organic and inorganic
rapid growth of tannery industry, the level of chromium in absorbents [10].

threat to the environment, affecting aquatic life and
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Fig. 1: Effluents discharged untreated by tannery industries in the nearby streams and rivers or even on open land

MATERIALS AND METHODS survey showed 1200 to 10, 000 litres of chrome effluent

Material: Analytical grade humic acid standard from sites. There were very few tanneries where pretreatment
Sigma Aldrich Company was used. facilities were available. Samples of the chrome effluents

Preparation for FTIR Spectra: At the first step, the effect five tanneries, having the minimum (375 ppm) to maximum
of pH on the humic acid FTIR spectra was determined. (2200 ppm) chrome effluent discharge per day. The
Two samples of dried HA (100 mg) were placed in test samples were collected in plastic bottles of 1 litre capacity.
tubes. The first tube was filled with 20 mL of distilled
water. To the second tube 10 mL of distilled water was RESULTS AND DISCUSSION
added and the pH was adjusted to 7.5 with 0.1 M NaOH.
Additional water was added to a final volume of 20 mL. The possible models explaining how binding takes
Both tubes were agitated for 1h: centrifuged and the place involve functional groups (Table 2-3), coordinate
supernatant was discharged. The solid residue was bonds, electronic attractions between positive and
washed three times with distilled water and dried in an negative species, chelation and surface electric charge of
electric oven at 40°C for 12 h. FTIR spectra were then colloidal materials. Oxygen containing functional groups
recorded. i.e. carboxylic acids and carboxylates are mainly

Humic acid Chromium Chelation: The effect of Cr multidentate ligands. These compounds can be3+

chelation with humic acid was determined through FTIR synthesized and, by observing the positions, shapes and
spectra. Into five test tubes, 100 mg of HA was placed displacements of their characteristic absorption bands
along with 10 mL of 0.0002 M, 0.002 M, 0.02 M, 0.2 M and around 1800 and 1600 cm , can predict possible
0.5 M Chromium sulphate Cr (SO )  solution, respectively. coordination mode [12]. 2

4 3

Suspensions were agitated for 12 h and supernatant was The FTIR spectrum suggested the existence of both
removed after centrifugation. These supernatants were dissociated and un-dissociated forms of carboxylic acids
then tested for reduction of Cr  ions at atomic absorption when humic acid are at pH 5.5 (Fig. 2a).3+

spectrometer (Table 1). Solid residues were washed three Fig. 1b indicates changes observed in FTIR spectra
times with distilled water and dried in an electric oven at providing evidence for the shifting of the equilibrium, on
40°C for 12 h. All infrared spectra of HA and Cr-HA increasing pH 5.5 to pH 7.5. The intensity of the 1711.8
recorded using KBr discs (ca. 1%) at Thermo-Nicolet cm  band is reduced as ionized carboxyl groups
Model  6700  FTIR  in  the region of 3500 to 400 cm  at a increased. A displacement is also observed in the1

2 cm  resolution. asymmetric vibration band of the carboxylate anion from1

Practical Strategy: A survey was done of seventeen (1310 to 1242.2 cm  and 1098.3 to 1094.7 cm ) for C–O
tanneries from the Sindh Industrial Trading Estate (SITE) stretch. All the experiments were conducted quantitatively
and the Korangi Industrial Area, Karachi, Pakistan. The with  the  same  amount  of  humic  acid  in each   case  to

discharge per day from the tanneries located at these

were collected immediately after the tanning process from

responsible for this chelation in large number of mono and

1

1

1600.1 to 1581.8 cm  with a parallel shift to frequencies1

1 1
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Table 1: Complexation [11] in mg/mL of Cr by humic acid (pH-3.53 to 8.5)
[Cr3+] Initial [Cr3+] Final  [Cr3+] Cr3+ Absorbed (%) mg Cr3+ adsorbed per gHA
100 79 21 21 210
200 162 38 19 190
300 239.1 60.9 20.3 203
600 467 140 23.3 233

Table 2: Elemental composition of humic acid
Element Humic acid (wt %)
C 53.6-58.7
H 3.2-6.2
N 0.8-5.5
S 32.8-38.3
O 0.1-1.5

Table 3: Estimated functional groups in humic acid (m. mol/g)
Functional Group Humic acid
Total acidic groups 5.6 – 8.9
Carboxyl COOH 1.5 – 5.7
Phenolic OH 2.1 – 5.7
Alcoholic OH 0.2 – 4.9
Quinoid / keto C = O 0.1 – 5.6
Methoxy OCH 0.3 – 0.83

Fig. 2a: Humic acid at pH 5.5

Fig. 2b: Humic acid Spectra pH 7.5
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Fig. 3: Spectra IR for sample A-1 (Complexed with 0.0002M Cr3+)

Fig. 4: Spectra IR for sample B-1  (Complexed with 0.002M Cr3+)

Fig. 5: Spectra of IR for Sample C-1 (Complexed with 0.02M Cr3+)
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Fig. 6. Spectra of IR for Sample D-1 (Complexed with 0.2 M Cr3+)

Fig. 7: Spectra IR for sample E-1(Complexed with 0.5 M Cr3+)

Fig. 8: Summarized spectra IR for humic acid chromium complex
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Table 4: General metal retention ability of humic acids as a function of pH.
Amount of chromium in solution (ppm) Amount of humic acids added (g/100 ml) pH of the solution Amount of Chromium after treatment (ppm)
520 0.01 7.5 170

8.0 70
8.5 12.5

0.02 7.5 160
8.0 5.0
8.5 2.5

0.03 7.5 90
8.0 3.5
8.5 0.45

Table 5: Carboxylate stretching frequencies of HA at pH 7.5 and Cr- HA.
s COO a COO 6v ( -) v ( -)

(cm ) (cm ) (cm ) Structure1 1 1

HA (pH = 7.5) 1581.8 1242.2 339.6 Uncomplexed
Cr-HA 1641.7 1272.1 396.6 Bidentate

Table 6: Chrome pollution reduction using humic acids in the treatment of chrome effluents generated by the tanneries located in industrial areas of Karachi,
Pakistan

Amount of chromium in Amount of chrome after
pH of the tannery effluent the untreated tannery Amount of humic acids added pH of the solution Treatment with humic

Tannery Identity at discharge (untreated) effluent (ppm) for treatment (g/100 ml) adjusted to Acids (ppm)
Tannery-I 3.5 375 0.01 8.5 12.5

0.02 8.5 1.9
0.023 8.5 0.57
0.025 8.5 0.50

Tannery-II 3.5 514 0.002 8.5 197.7
0.005 8.5 131.8
0.010 8.5 19.0
0.015 8.5 1.08
0.025 8.5 0.83

Tannery-III 3.7 510 0.005 8.5 600.0
0.01 8.5 4. 28
0.015 8.5 3.10
0.02 8.5 1.02
0.25 8.5 0.066

Tannery-IV 3.5 520 0.01 8.5 320.0
0.02 8.5 10.5
0.025 8.5 0.99
0.028 8.5 0.22

Tannery-V 3.7 2200 0.01 9.0 600.0
0.02 9.0 175.0
0.04 9.0 35.0
0.06 9.0 6.4

compare the intensities of the bands. Fig. 2-7 reflect the considered that at pH 7.5 most of the carboxylic acid had
effect of Cr  addition on the FTIR spectra of humic acids been ionized, the absorption bands a (COO ) and s3+

suspension, indicating similar changes to those produced (COO ) for HA are identified as un-complexed (Table 4)
by pH. where Cr-HA is referred to as a chromium humic acid

These results showed that, addition of Cr  in complex. In this study, it was observed that HA adsorbed3+

increased amounts, effectively, induced the ionization to chromium ions. Ionic concentrations were reduced
the carboxylic acids followed by chromium coordination effectively, (Table 1) proportional to the initial
to the centre of negative charge (Table 1). If it is concentration.

-

-
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Chrome retention by humic acids, as a function of pH, REFERENCES
was determined (Table 5). To a series of 20 ml humic acids
solution containing 0.01, 0.02, 0.03 g of humic acids,
respectively, chromium chloride solution (20 ml)
containing 520 ppm of chromium was added. pH values of
the solutions were adjusted to 7.5, 8.0 and 8.5 by adding
mild alkali to make up a final volume of 50 ml. The reaction
was noticed to take place, as the pH increased towards
alkalinity, by the formation of grey colored metal humic
acids complex, which settled down as fine precipitate
while the dark green coloration of the chrome water Clear
water was obtained at the solution pH of 8.5. The amount
of chromium in water was determined by atomic
absorption spectrometer (Perkin Elmer, model 3030B).

Physical parameters of the chrome effluents, such as
pH and color, are shown in Table 6. The chrome effluents
collected were highly acidic, having pH of 3.5-3.7. The
lower pH was due to the conversion of sulphides to
harmful H S gas. The effluents were dark greenish to blue2

in color. The color of the effluents was also an important
negative indicator of environmental pollution. This
affected the water ecosystem through hindering light
accessibility to living organisms present in the water
bodies.

Thus, the indiscriminate chrome effluent discharge by
tanneries of the Korangi Industrial Area is highly
affecting the water quality of Malir River and then the
Arabian Sea. An increasing trend in the chromium
concentration discharged by the Korangi Industrial Area
industries in the sediments leading to Malir River

The chromium retention activity of humic acids has
been adequately shown during the study (Table 6). This
ability is pH dependent. As the metal humic acids complex
is formed, a pH drop is also noticed which is due to the
increment of protons of functional groups displaced by
metal ions. These initial studies have thus shown that
humic acids, offer an option for the abatement of pollution
caused by chrome liquor.

CONCLUSIONS

The respective, elaborative and focal study using IR
Spectroscopy for characterizing the humic acid interaction
at a specific pH and noting the shifts of carboxylate peaks
in the spectrum made very helpful in adopting this and
confirmed as a fruitful strategy for industrial reduction
due to not only chromium but also other metal ions in
general and draw attention of scientific society to work
further.
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