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Tannery wastewater represents a serious environmental and technological problem mainly because it contains
large amounts of refractory compounds, salts, ammonia, and surfactants. The objective of this work was to develop
an economical long-term continuous method to enhance the treatment of tannery wastewaters. This paper reports a
promising laboratory-scale performance of an innovative process, which is the combination of biological degradation,
carried out on a glass column, with chemical treatment using lime and alum at optimum conditions. The latter step is
aimed at simplifying the chemical structure of recalcitrant organic substances for enhancing their biodegradability.
This study was carried out on a real final effluents coming from a centralized plant treating wastewater produced by
nine different tanneries in Egypt.
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KOHTHHYHPAH KOMBMHUPAH BHOJTOIIKO-XEMUCKH TPETMAH
HA OTHAJHHUTE BOJIU O HHOYCTPHUIATA 3A KOXKA

OTnagHuTe BORH O] IPOLIECOT HA IWITABLIHE BO MHAYCTPRjATA 3a KOXKA MPETCTABYB4AT CEPHO3EH €KO-
TIOLIKA H TeXHOJIOUIKH NpodjeM TJaBHO IopalH rolieMaTa COApKHHA Ha COMM, aMOHHjaK H NMOBPIUHHCKO-
aKTHBHA KoMnoHeHTH. IlenTa Ha oBoj Tpyn ¢ fa pa3BHe KOHTHHYHpEH €KOHOMCKH ONpPaBgad IIpoLec 3a
TPETM4H Ha OTHAfHU BOAM OF OBHe HHEYCTpHH. OBOj TPY/L HPE3CHTHPA 3aJ0BOIYBAYKH PE3YITATH Ha ep-
thOpMaHCHTE Ha HHOBATHBCH IIPOIEC BO NabopaTopuekH yerosi. HOBAHATA Ha NpolecoT € RO Toa IUTO Toj €
KOMDOHHaIHja O GHONIOIIKA Jlerpafaliija H XeMHCKH TPeTMaH; TO) c& ONBUBA IIAPXKHO €O JOJdBak¢ Ha Bap H
cTrnca. BHOMOUIKHOT TpeTMaH ce OIBHBA BO CTAKJISHA KOJIOHA €O aKTHBHA Kasll. MeTOROT Ha KOMOHHHApaH
XeMHCKO-GHONOUIKHE TPeTMaH NOKaXa 3alOBOTHTENMHH HepdiopMaHCH 3a NPpedMcTyBabe Ha OTIaIHHTE BOOK
Ol HHOYCTPHjaTa 3a Koxka. Bo TpynoT Gea KOpUCTeHM NPHUMepOLH Of peallHH OTNAgHH BOLH O HCBET
pa3nnuan habpHxH 32 npepaboTka Ra Koxa Bo Eruner.

Kﬂy‘lﬂﬂ 360])03“3 GHAOLIKO-XEMHCKH TPETMaH, IUTABHJIHHLE, OTIAHH BOJIH

INTRODUCTION

Tanning is a process by which animal hides
and skins are converted into stable and durable
leather. The hides are treated with natural or syn-
thetic chemicals to stabilize and cross-link their
microscopic collagen fiber matrix. The potential
environmental impacts of tanning are significant.

Chrome tanning using basic chromium(III) sulfate
is the most widely used technique. The toxic metal
chromium is one of the most common and most
damaging of the environmental pollutants associ-
ated with the tanning industry [1]. Extensive use of
chromium in tanning results in discharge of chro-
mium-containing effluents [2]. The effluents from
these industries contain chromium(VI) and chro-
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mium(III) at concentrations ranging from tenths to
hundreds of milligrams/liter. While chromium(VI}
is known to be toxic to both plants and animals,
and a strong oxidizing agent and a potential car-
cinogen [3], chromium(IIl) is generally only toxic
to plants at very high concentrations, and is less
toxic or nontoxic to animals [4]. Tannery wastes are
classified as hazardous and priority wastes due to the
presence of chromium [5]. Even if chromium(III}
is discharged into the environment, there is no guar-
antee that it will remain in this chemical state. For
example, landfilling of chromium(Ill) tannery
waste with other acidic industrial wastes, or domes-
tic sewage, which on decomposition can yield acidic
conditions, can result in the oxidation of chro-
mium(TD to chromium(VI) [6, 7]. Besides the triva-
lent chromium, tannery wastewater consists of acidic
and alkaline liquors with sulphides, organic and other
ingredients which are responsible for high BOD
(Biological Oxygen Demand) and COD (Chemical
Oxygen Demand) values, as well as high levels of
fat and suspended solids {8, 9]. Wastewater may also

contain residues of pesticides used to preserve
hides during transport, as well as significant levels of
pathogens [8, 9]. Discharging untreated tannery
wastewater into the environment leads to detrimental
chemical, thermal, and biological effects on aquatic,
plant and human life. Treatment of tanning wastewa-
ter is difficult and represents a serious environmental
and technological problem due to the presence of a
series of chemicals with low biodegradabilities
[10-18]. The present work was aimed at finding an
economical continuous combined biological-chemical
method for the treatment of tannery wastewaters.

EXPERIMENTAL

Nine samples were collected from the final
effluents of nine different tanneries at El-Max,
west Alexandria, Egypt. The physico-chemical
characterizations of these samples are shown in
Table I. The minimum, maximum, and average
values are shown in Table 2.

Table 1
The physico-chemical characterizations of the nine tannery samples

Parameter {unit) Tl T2 T3 T4 T5 T6 T7 T8 T9
PH 104 i3 9.8 1.3 8.8 104 6.9 6.9 4.7
BOD (mg/) 3645 3510 4000 675 510 1500 1000 27000 420
COD (mg/h 17907 5576 28127 6077 1551 7068 3141 53014 2591
TSS (mg/l) 29000 2400 30800 2800 600 1984 gl6 27960 464
Settleable solids 10° {ml) 900 1600 23 850 0 7 0 90 20
Settleable solids 30" (ml} 750 500 600 650 0.5 10 0 400 20
Qil and grease (mg/l) a5 105 106 26 228 72 47.2 131.6 55.6
Sulfides (mg/1) 1400 13 1360 110 1584 740 58.4 7600 4
Total nitrogen {(mg/1) 171.4 20.16 215 3718 156.8 308 728 420 129
Phosphate (mg/l) 28.67 21.3 21.69 547 111 22.64 304 91.5 24
Phenols (mg/l) 0.008 0.557 0.322 0.304 0.32 1.7 1.1 1.2 0.1
Chromium (mg/l) 4072 5.9 362 117.9 1.5 5 1.87 7.13 511

Table 2

The minimum, maximum and average values of the all tannery samples

Parameter (unit) Minimum Maximum Average
PH 1.30 10.40 6,94
BOD (mg/l) 420.00 27000.00 4695.56
COD (mg/l) 1551.00 53014.00 13894.67
TSS (mg/1) 464.00 30800.00 10758.22
Settleable solids 10’ (ml) 0.00 1006.00 32111
Settleable solids 30’ (ml) 0.00 750.00 325.61
Qil and grease (mg/1) 26.00 228.00 89.60
Suifides (mg/1) 4.00 7600.C0 1271.53
Total nitrogen (mg/l) 12.9 420.00 194.32
Phosphate (mg/l) 347 91.50 28.511998
Phenols (mg/l) 0.01 1.70 0.62
Chromium (mg/1) 1.50 511.00 157.72
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METHODS OF ANALYSIS

Water samples collected from the effluent of
the nine tanneries were subjected to analysis of
some physico-chemical parameters before and af-
ter treatment. All the investigated parameters {pH,
BOD, COD, TSS, settleable solids, oil and grease,
sulfides, total nitrogen, phosphates, phenols and
chromium) were determined according to standard
procedures described in the standard methods for
examination of water and wastewater by the
American Public Health Association, APHA {19].

Trearment procedures

a) Chemical treatment

Samples were chemically treated by coagula-
tion in batch experiments using lime and alum.
Bach treatment was carried out using the jar test
method described by Cohen, 1957 [20]. The opti-
mum operating conditions for each coagulant such
as pH and coagulant dose were investigated. In
order to determine the optimum pH for each co-
agulant, different pH values ranging from 5 to 8 at
a constant coagulant dose were examined. To
study the effect of coagulant concentration, differ-
ent coagulant doses ranging from 50 to 400 mg/l
were examined at the predetermined optimum pH
value. During the treatment each sample was
placed under a state of rapid stirring (250 rpm)
while the coagulant was added slowly to the solu-
tion under constant stirring for 3 minutes. The
speed was reduced in a regular stepwise manner,
covering a range of 100 every 60 seconds until the
flocculation stage was reached. The speed was
then maintained at 20-30 rpm for further 10 min-
utes for optimum flock formation. The characteris-
tics of the chemically treated effluents were de-
termined after 30 minutes settlement. Samples for
analysis were taken by a suction device allowing
the withdrawal of accurate amounts from jars for
complete analysis.

b) Biological treatment

Aerobic biological treatment using activated
sludge was used for treatment of the contaminated
wastes on a glass column with dimensions of 60
cm long and 10 cm diameter. Activated sludge was
let to set and was acclimatized for 20 days, after
which the treatment was carried and the samples
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were collected from the system. The final retention
time in the activated sludge process was 18 hr.
Furthermore, the dissolved oxygen in the activated
sludge unit was set, and the sludge concentration
was around 3.5 g/l. Mixed chemical-biological
treatment combination of chemical and biological
treatment methods were-used to investigate their
effect in the enhancement of the treatment process.

RESULTS AND DISCUSSIONS

The analysis of each of the composite sam-
ples of the wastewater revealed that the ability of
the waste to settle was very high. The settleable
solid after 10 min reached 478.33 ml and after 30
min reached 485.00 ml (Table 3). Hence, this type
of waste can undergo highly efficient treatment if
it is settled first. Accordingly, the primary settling
step efficiently removed around 49 % of its COD
concentration, and 52 % of its BOD concentration.
Moreover, the chromium removal of the primary
settling process was around 96 % of the chromium
content in the influent. In addition, most of the
pollutants (such as total nitrogen, oil and grease,
TSS, sulfide, phosphates, phenols) are also de-
creased after the primary settling process. Never-
theless, efficient treatment method(s) were still
needed after the primary treatment to meet the
waste quality standards. Chemical treatment using
either alum or lime at the predetermined optimum
conditions helped in the removal of the following
pollutant parameters: BOD, COD, TSS, oil and
grease, sulfides, total nitrogen, phosphates, phe-
nols and chromium. Although the chemical treat-
ment succeeded in removing high amounts of the
pollutant contents, the resulting waste still did not
meet the regulations for the disposal of the waste
in the sewer network. So, a second treatment proc-
ess was needed to reach the waste quality of the
standard limits of disposal. As a result of the high
load of the pollution, represented by COD and
BOD values of 7422 and 2680 mg/l for lime, and
6958 and 2500 mg/l for alum, respectively (Table
3), it was necessary to make acclimatization of the
sludge for such load to have the ability to degrade.
The acclimatization step lasted for around 20 days,
after which the chemically treated influent under-
went the biological treatment process. It took
around 18 hr of retention time with the activated
sludge to treat this effluent, and produce an efflu-
ent with a quality comparable with that of the
regulatory standards (Table 4).
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