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Bioflocculation technology for total nitrogen removal from tannery wastewater
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ABSTRACT

This paper introduced the sources of total nitrogen pollutants in tannery wastewater, the status of the
current total nitrogen treatment. Currently, there are two methods, clean production and biological
treatment, to control the total nitrogen in tannery wastewater. And efficient biological treatment has
become a research hotspot. Meanwhile, it was expounded for the research status of the application of a
bioflocculation technique for removing total nitrogen pollutants from tannery wastewater. The compo-
nent analysis indicated that the polysaccharide, protein, glycoprotein, glycosylamine, and lipids were
found in the prepared bioflocculants. Furthermore, active component analysis results demonstrated
that polysaccharide and protein were the active components for total nitrogen removal. Amount of
studies on the action mechanisms of bioflocculants had established four theories for flocculation mech-
anisms, including adsorption and bridging theory, lectin hypothesis, cellulose fibril hypothesis, and
chemical reaction hypothesis. The application of a bioflocculation technique in tannery wastewater

treatment was proposed.
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1. Introduction

The leather-making industry, as a type of light industry,
can be the source of severe pollution, among which nitro-
gen was the main component. It is well-known that excess
nitrogen causes water eutrophication. Therefore, the limita-
tions of total nitrogen emissions from tannery wastewater
had drawn increasingly wide attention. On December 27,
2013, Chinese officials released Discharge Standard of Water
Pollutants for Leather and Fur Making Industry (GB30486 —
2013), in which total nitrogen was set as a new control index
and the emission limits of total nitrogen were specified.
Table 1 lists the direct emission limits of total nitrogen and
ammonia nitrogen for existing and new leather treatment
enterprises as well as unique protection regions. The treat-
ment of total nitrogen in tannery wastewater can no longer
be ignored, and in order to ensure nitrogen levels in tannery
wastewater meet the new emission standard, it is urgent
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and necessary to develop an economical and highly efficient
nitrogen removal technique.

Total nitrogen includes all nitrogen-containing com-
pounds in wastewater, namely both organic nitrogen (such
as protein, polypeptide, amino acid, and urea) and inor-
ganic nitrogen (such as ammonia nitrogen, nitrite nitrogen,
and nitrate nitrogen). Total nitrogen produced during the
leather-making process mainly came from the following two
sources: skin collagen, which became organic nitrogen after
hydrolysis, and various ammonium salts [1,2]. In leather
manufacturing, a minute quantity of nitrite nitrogen and
nitrate nitrogen were produced, whose contents in tannery
wastewater were generally lower than 3 mg/L and 50 ug/L,
respectively [2-4]. Therefore, total nitrogen in tannery waste-
water primarily includes organic nitrogen and ammonia
nitrogen. Studies had shown that approximately 14 kg total
nitrogen and 6 kg ammonia nitrogen were produced during
the processing of 1 ton of raw materials [2].

Since the previously implemented Integrated Wastewater
Discharge Standard (GB8978 — 1996) sets no emission limits on
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Table 1
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Direct emission limits of total nitrogen and ammonia nitrogen in tannery wastewater

Total nitrogen (mg/L) Ammonia nitrogen (mg/L)
Special protection regions 20 15
New enterprises 50 25
Existing enterprises (Since January 1, 2016) 50 25
Existing enterprises (2014.7.1 — 2015.12.31) 70 35

total nitrogen, more importance was placed on the treatment
of ammonia nitrogen; the treatment of total nitrogen in tan-
nery wastewater was overlooked. Currently, total nitrogen
in tannery wastewater is controlled using one of the follow-
ing two methods: clean production and biological treatment
[5-10]. The first method aims to control the pollution source,
and scholars had aspired to develop clean deliming and tan-
ning technologies in recent years to reduce the content of total
nitrogen as much as possible [5,6]. Meanwhile, researchers
explored biochemical methods for removing total nitrogen,
which mainly include anaerobic/aerobic (A/O) technique
and biomembrane reactor [7-10]. In order to lower the total
nitrogen in tannery wastewater to meet the new national
emission standard, a new high-efficiency wastewater treat-
ment technique must be sought in addition to adopting clean
production and reducing pollution caused by total nitrogen
from the source.

2. Application of biological flocculants

Biological flocculants (hereinafter referred to as bio-
flocculants) possess advantages such as insensitivity to the
external environment, high processing efficiency, wide appli-
cation range, favorable biodegradability, and environmental
protection. Furthermore, the industrial production of bio-
flocculants can be achieved using the method in bioengineer-
ing. Bioflocculants showed increasingly broader application
prospects and became a new research interest in microbial
technology [11,12].

Until now, few studies had been conducted on the appli-
cation of biological flocculants in the disposal of tannery
wastewater. Zhang et al. [13] found that adding flocculants
produced from bacterial strain C-62 to the wastewater of a
leather tanning industry reached a removal ratio of turbidity
of 96%. Using the conventional bacteria isolation and puri-
fication method, Li et al. acquired six strains of biofloccu-
lant-producing bacteria from wastewater, soils, and activated
sludge. Of these, one was chosen for leather tannery waste-
water treatment. Results showed that the removal ratios of
chemical oxygen demand (COD), sulfur, turbidity, and chro-
maticity were 61%, 97.1%, 98.7%, and 99%, respectively [14].
Chai et al. screened out two strains of flocculant-producing
bacteria from wastewater, soil, and activated sludge and then
used them to purify leather-making wastewater. According
to their research, the removal ratio of the suspended solids
(SS) was as high as 96.3%, and when it was applied to waste-
water from leather dye, the decolorization ratio was over 91%
[15]. Qin et al. screened microorganisms from sludge and
used them as flocculants for tannery wastewater disposal. In
tannery wastewater with COD, SS, and Cr* concentrations of

3,200 mg/L, 3,100 mg/L, and 70 mg/L, and a pH value of 7.0,
the removal ratios were 72.4%, 62%, and 63.5%, respectively,
after the addition of the flocculants at a volume ratio of
0.2% [16]. Rajan et al. [17] isolated three strains of biofloccu-
lant-producing bacteria from the pollution soils in a tannery
and found both Trichococcus flocculzformis and Pseudomonas
fluorescens showed satisfactory flocculation performances.
Wang et al. screened out four bacterial strains and produced
flocculants after mixing these bacteria. After using the pro-
duced flocculants for disposing tannery wastewater, it was
found that the wastewater’s chromaticity, turbidity, and COD
decreased significantly [18]. Liu et al. [19] reviewed the per-
formances and action mechanisms of various flocculants and
presented their research status and application prospects in
tannery wastewater disposal. Sam et al. [20] determined the
composition of bioflocculants for tannery wastewater treat-
ment and discovered they contained polysaccharides. Lin
et al. [21] singled out two strains of molds with high floccula-
tion activity from activated sludge and used them for tannery
wastewater treatment; they observed obvious effects while
processing the wastewater’s chromaticity, ammonia nitro-
gen, COD, and Cr. Wei et al. [22] screened out and isolated a
strain of high-efficiency flocculant-producing bacterium X-3
from activated sludge, and found that it demonstrated posi-
tive flocculation and sedimentation results in leather-making
wastewater disposal. Kim et al. used a microorganism com-
bination for removing COD, total nitrogen (TN), total phos-
phorus (TP), and Cr from leather tannery wastewater. Their
results showed that, without any chemical pretreatments,
the removal ratios of these pollutants reached 98.3%, 98.6%,
93.6%, and 88.5%, respectively [23]. Although studies regard-
ing the removal of ammonia nitrogen in tannery wastewater
had been conclusively reported, the flocculants used were
microorganisms (molds), and the application of biofloccu-
lants extracted from microorganisms in removing nitrogen
from tannery wastewater had yet to be reported.

3. Component analysis of bioflocculants

This research was engaged in the treatment of tannery
wastewater using bioflocculants. First, the bioflocculants
were prepared from screened bacillus and then applied in
tannery wastewater treatment. Results showed that using
these bioflocculants, the total nitrogen, ammonia nitro-
gen, chromaticity, and COD were appreciably removed
[24]. Through component analysis, polysaccharide, pro-
tein, glycoprotein, glycosylamine, and lipids were found in
the prepared bioflocculants [25]. Furthermore, active com-
ponent analysis results demonstrated that polysaccharide
and protein were the active components for total nitrogen
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removal; in particular, polysaccharide was the most effective
component that accounted for flocculation activity [26].
However, the structural composition of the polysaccha-
ride and the action mode and mechanism of total nitrogen
removal must be explored in depth. To date, no similar
research has been conducted on bioflocculants for tannery
wastewater treatment.

Many scholars had focused on the polysaccharide com-
ponent of bioflocculants. Sam et al. [20] used preprocessed
molasses to cultivate halobacteria to prepare a kind of bio-
flocculant; the component measurement results revealed the
existence of polysaccharide in the bioflocculants. Li et al. [27]
used bioflocculants produced from Paenibacillus elgii B69 to
remove heavy metal ions from wastewater, and found that
the polysaccharide in the flocculants was composed of glu-
cose, uronic acid, mannose, and xylose. Zhang et al. iden-
tified the components of polysaccharide in a bioflocculant
MBFGAL1 that showed remarkable effects in disposing soil
suspension, coal-washing wastewater, and landfill leachate.
Through detection, it was discovered that the monosaccha-
ride composition included xylose, mannose, glucose, and
rhamnose [28]. Tang et al. [29] used Paenibacillus mucilag-
inosus GIM1 to prepare three bioflocculants for removing
heavy metal ions from wastewater, and characterized their
polysaccharide structure by means of infrared detection and
electron scanning.

4. Mechanisms of bioflocculants

Extensive studies on the action mechanisms of biofloc-
culants conducted by international scholars had established
four theories for flocculation mechanisms. The first theory is
the adsorption and bridging theory, which assumes that the
active groups in flocculant macromolecules adsorb the other
colloidal particles via ionic bonds, hydrogen bonds, or Van
der Waals’ force, while two or more particles are bonded
together through bridging, which leads to flocculation [30].
Fig. 1 illustrates the bioflocculants” adsorption and bridging
process. The second theory is the lectin hypothesis, which
is generally used for explaining saccharomycetes’ floccu-
lating mechanism. According to this theory, flocculation
is induced by the specific bonding between special surface
proteins on the flocculating yeast cell wall and mannose res-
idues on the other yeast cell surface. The third theory is the
cellulose fibril hypothesis, which proposes that flocculating
agents produced by some microorganisms are not free from
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Fig. 1. Illustration of polymer’s adsorption and bridging
mechanism.

the bacterium culture solution, but are tightly attached to the
cell surface to form capsule-shaped materials (such as yeast
with flocculation ability and cellulase-producing bacteria).
These capsule-shaped materials are similar to the fibrils out-
side the bacteria, and thus impose flocculation. This hypoth-
esis provides a reasonable explanation for the flocculation
mechanisms of cellulase-producing bacteria.

The final theory is a chemical reaction hypothesis in
which active groups in flocculants” macromolecules chem-
ically react with corresponding groups in the substance to
be flocculated, and the agglomerated macromolecules are
precipitated. The flocculation activity is greatly affected if
the natural macromolecules are modified or active groups
are removed or added, which suggests that the flocculation
activity of these flocculants depends heavily on the active
groups [31].

5. Future prospects

In order to gain an in-depth understanding of removal
mechanisms of total nitrogen from tannery wastewater
using bioflocculants and to further improve removal effi-
ciency, it is necessary to analyze the polysaccharide com-
ponent and the active ingredients in the bioflocculants, and
to detect the action mode between the bioflocculants and
the total-nitrogen pollutants in tannery wastewater. Future
studies aim to elucidate the removal mechanisms of total
nitrogen from tannery wastewater using the bioflocculation
technique in order to provide sufficient theoretical bases for
its application in tannery wastewater treatment.
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