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Abstract: Successful treatment of surface water for public use requires the evaluation of raw water and 
coagulant efficacy. The purpose of water treatment is to remove impurities, allowing its quality to be 
classified to meet the needs of the population. The conditions of urban rivers that flow though the city of 
São Paulo, which were already undergoing major transformations, particularly due to intense urbanization, 
have deteriorated further due to the precariousness of basic sanitation and increasing environmental 
pollution.This study focused on an analysis of the efficiency of PGα21Ca, a water purification product, 
in the treatment of Pinheiros River water, based on coagulation-flocculation and sedimentation tests. The 
biopolymer PGα21Ca reduced in the order of 100% the total phosphorus. The best sedimentation velocity 
for the coagulant under study was 1 cm min-1. The PGα21Ca performed well in the removal of turbidity and 
apparent color, with residual turbidity   of 1.84 NTU, 96.95% removal of apparent color, and little change 
in the pH of the medium.
Key words: γ-polyglutamic acid, coagulant, coagulation-flocculation and sedimentation tests, urban river, 
São Paulo.
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INTRODUCTION

The Metropolitan Region of São Paulo (MRSP) 
is located in southeastern Brazil and is one of 
the world’s largest urban agglomerations. Rapid 
economic development and intense urbanization 
throughout the country have led to serious problems 
in the MRSP, with a high demand for water supply, 
the need for more efficient sewage treatment, and 
significant losses in the environmental quality of its 
surface water bodies.

Among the water courses that make up São 
Paulo’s hydrographic network, the Pinheiros 
River is one of the most important since the city’s 
emergence, when this river was the main means of 
transportation of its earliest populations.

The Pinheiros River is in a state of significant 
environmental vulnerability, with several stretches 
receiving raw industrial and residential wastewater 
every day. The tributaries on the left bank of the 
Pinheiros River down to where it flows into the 
Tietê River are Jaguaré Creek, Pirajuçara River, 
Poá Creek and Embú-Guaçu River. Its tributaries 
on the right bank are the Belini, Corujas, Verde, 
Iguatemi, Sapateiro, Uberaba, Traição, Água 
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Espraiada, Morro do S, Ponte Baixa, Zavuvu and 
Olaria streams.The river’s drainage basin covers 
270 square kilometers and the river became 
disfigured by the construction of the Pinheiros 
River canal, which stretches for 25 km from the 
Pedreira pumped-storage hydroelectric power 
station to the point known as Paredão do Retiro. 
Due to the hydrological conditions artificially 
imposed on the Pinheiros River, which make it 
difficult for natural self-purification phenomena to 
occur and which are aggravated by the effects of 
diffuse pollution throughout the Upper Tietê basin, 
this river is extremely polluted, often exuding a 
foul odor felt by passersby and by those who live 
in its proximities. 

In 2001, a pilot plant was built using the 
flotation technique in an attempt to clean up the 
Pinheiros River, aiming to pump its water into the 
Billings Reservoir. However, although the tests 
indicated an improvement in the water quality of 
the Pinheiros River, its recovery did not suffice to 
allow the river water to be pumped into reservoir, 
since the quality achieved in the tests failed to meet 
the legal requirements of environmental and public 
health standards. Thus, there seems to be no short-
term solution for cleaning up this water, not only 
for its use in electricity generation but also from the 
sanitary and even aesthetic standpoints.

The main processes in conventional treatments 
are coagulation and flocculation. Coagulation 
consists of mixing chemicals, usually inorganic 
coagulants, into the water under intense agitation 
in order to electrically destabilize impurities 
(suspended solids, colloids, algae, bacteria), 
causing them to agglomerate.  In the flocculation 
step, agitation is slower and longer, aiding the 
formation of flakes, which settle and are removed 
by filtration (Pritchard et al. 2010). In Brazil, 
aluminum sulfate (Al2(SO4)3) and aluminum 
polychloride (APC) (Aln(OH)m(Cl3)n-m) are the 
aluminum based products most commonly used 
for coagulation in water treatment plants. Due to 

risks to human health and the environment, such 
as the appearance of degenerative diseases, e.g., 
Alzheimer’s, associated with the use of aluminum 
salts in water treatment (Bondy 2010, Dzulfakar et 
al. 2011), alternatives to these products have been 
sought, such as biopolymers. These can be used 
in separately or in combination with traditional 
inorganic coagulants, thus reducing operational 
costs, as well as impacts on the environment and 
human health (Huang et al. 2015). Campos et al. 
(2016) evaluated the efficiency of PGα21Ca in the 
water treatment plant (WTP) of Salto de Pirapora, 
São Paulo, where the commercial product proved 
efficient in the removal of turbidity and apparent 
color, showing residual turbidity   of 1.93 NTU 
and 96.89% removal of apparent color, with little 
change in the pH of the medium, thus proving its 
effectiveness in public water supply treatment.

Gamma-polyglutamic acid (γ-PGA) is a water-
soluble, biodegradable, biocompatible and non-
toxic anionic biopolymer obtained from bacteria of 
the genus Bacillus through fermentative processes 
(Sung et al. 2005, Bajaj and Singhal 2011, Shih 
et al. 2011). Some companies such as Ajinomoto 
Co., Nippon Poly-Glu Co. and Natto Biosciences. 
produce γ-PGA commercially. In view of the 
above, the purpose of this study was to analyse the 
efficiency of the commercial biopolymer PGα21Ca 
in coagulation-flocculation processes and in the 
separation of solids from the liquid phase by 
sedimentation, in order to reach raw water quality 
standards of the Pinheiros River, located in the 
urban region of the city of São Paulo, Brazil. 

MATERIALS AND METHODS 

A water sample was collected from the Pinheiros 
River in the city of São Paulo, in the dry season, 
September 2017.  The collection point was near 
the mouth of the river to determine the load 
discharged into the Tietê River (Figure 1). The 
raw water sample were stored in polyethylene 
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bottles and refrigerated until they were subjected to 
physicochemical analysis and jar testing, followed 
the recommendations of ISO 5667-3 (2012). Initial 
analyzes were performed usinga Horiba U-50 series 
multiparameter water quality checker equipped 
with a multisensor probe that can measure up to 
11 parameters simultaneously. The Pinheiros 
River is classified as a Class 4 river, according 
to São Paulo State Decree No. 10,755/77.The 
purpose of categorizing water bodies into classes 
is to establish the target water quality that must 
necessarily be reached or maintained over time 
in a given section of the water body, according to 
prevailing or intended uses, based on the quality 
the water body must have to meet more restrictive 

uses. Water from class 2 rivers is distributed for 
human consumption after conventional treatment 
(CONAMA 2005). In 2017 the Government of the 
State of São Paulo launched the reclassification 
project for the Pinheiros River, which focuses on 
the gradual cleaning of river water to reclassify 
it from class 4, the worst level of pollution, to 
class 2. Proposals should involve conventional 
technologies, methods and/or treatment systems.

The PGa21Ca powder came from Nippon 
Poly-Glu Co. Ltd., recommended for use of 50 to 
100 mg L-1. The product’s typical flocculation time, 
whose initial turbidity of 100 NTU is 15 minutes, 
results in a final turbidity of <1 NTU. The coagulant 
was added directly to the jars, as recommended 

Figure 1 - Location map of Pinheiros River, São Paulo, Brazil. The image shows the water collection point near the river’s mouth, 
with clearly visible garbage carried by stormwater runoff and various types of wastes discarded into the river by the population, 
contributing to the frequent flooding events in the city.
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by the manufacturer, to prevent reactions with 
other components of the formulation, such as 
calcium and aluminum sulfates, forming insoluble 
polyglutamates. A scanning electron microscopy 
(SEM) analysis was performed using a LEO 440i 
microscope coupled to an energy dispersive X-ray 
spectrometer (EDS).

Raw water cations were determined by means 
of inductively coupled plasma-optical emission 
spectroscopy (ICP-OES), using a SPECTRO 
ARCOS ICP-OES analyzer. Anions were 
determined simultaneously by high performance 
liquid chromatography (HPLC), using a Perkin-
Elmer model 430D chromatograph.

An Ethik Technology model 218-6 LDB jar 
tester was used in the jar test, comprising six jars 
with an internal volume of two liters. In the jar test, 
the speed gradient (G) can be adjusted in the range of 
10 to 1200 s-1, with the edition of up to four different 
programs, each comprising 12 segments. The tests 
were conducted according to the procedures of the 
Standard Methods for the Examination of Water 
and Wastewater (APHA 2012). 

RESULTS AND DISCUSSION

According to the material safety data sheet (MSDS) 
of PGα21Ca, its formulation contains 70 to 80% 
calcium sulfate and 10 to 20% calcium carbonate, 
with <10% γ-polyglutamic acid, <10% sodium 
carbonate, <10% aluminum sulfate and <10% of 
other components. However, an elemental analysis 
of PGα21Ca based on the monomer C5H7NO3 
indicated that its formulation contained an 
estimated content of 5.26% of the active ingredient 
γ-polyglutamic acid (Campos et al. 2016). The 
PGα21Ca was examined by SEM, which revealed 
a morphology of gypsum and the mineral was also 
identified by X-ray diffraction (XRD) (Campos et 
al. 2016). 

Table I describes the physical and chemical 
parameters of the raw and treated water from 

Pinheiros River in the dry season, comparing them 
with that reported by Cunha (2010), the guidelines 
and legal limits established by Conselho Nacional 
de Meio Ambiente (CONAMA) under Resolution 
No. 357/2005 for the class 4 surface waters and 
the USEPA Surface Quality Criteria for Class 2 
and Class 4 waters (USEPA 2018). The poor water 
quality of the Pinheiros River is indicated by its 
high turbidity and intense odor of gases such as 
CH4 and H2S. According to Rocha (1991), highly 
complex organic pollutants are discharged into both 
the Pinheiros and Tietê rivers, as well as numerous 
inorganic substances from industrial sources, due 
to the lack of adequate treatment of sanitary sewage 
and industrial effluents in the metropolitan region 
of São Paulo. 

Table I shows changes in pH after treatment with 
the biopolymeric coagulant, with pH decreasing 
in response to increasing doses of coagulant. 
Yokoi (1996) stated that γ-PGA in water causes 
ionsto increase by neutralizing and stabilizing of 
negatively charged colloids, generating residual 
carboxylic groups that are responsible for bridging 
between suspended particles.

Almost all water bodies contain permissible 
concentrations of aluminum. However, the Al 
content was higher after treatment with the 
biopolymeric coagulant, probably due to the 
transfer of Al from the coagulant to the treated 
water, since the PGα21Ca essentially contains 
calcium sulfate (87%) in its formulation, among 
other chemical compounds (Campos et al. 2016).

According to Guimarães (2017), effective 
coagulation depends on some factors, the interaction 
rate between the coagulant (Fe+3 and Al+3) and its 
hydrolysis products, the colloidal particles and 
their dissolved compounds and, moreover, values 
of zero zeta potential giving the coagulant an 
effectiveness when dealing with smaller fractional 
dimensions or greater porosity of the flake. 
Guimarães (2017) also emphasizes that the 
techniques that allow the specific evaluation of the 
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efficiency of the coagulation-flocculation treatment 
process are: zeta potential PZ, pH, operational 
conditions and effluent characteristics. Reasons 
that may explain the increase in Al concentration in 
the treated water of the present study.

The presence of phosphorus exceeding the 
legally established limit may be attributed to 
eutrophication resulting from inputs from point 
sources of pollution, which negatively affect the 
river’s ecosystem. In this study, a phosphorus 

concentration of 4.1 mg L-1 was found in the 
Pinheiros River, in comparison to the concentrations 
of 5.4 mg L-1 reported by Cunha et al. (2010). 
The treatment with PGα21Ca reduced the total 
phosphorus content by 100%. Like phosphorus, 
the indices of ammoniacal nitrogen were high, 
indicating the incessant discharge of domestic 
sewage into the river. These findings indicate the 
low concentration of dissolved oxygen, which 
greatly limits aquatic life in the Pinheiros River. 

TABLE I
Physicochemical parameters of raw and treated water from the Pinheiros River in the dry season.

Parameters Unit
This study

Cunha
et al. 2010

Conama 
357/2005
Class 4

USEPA*
(2018)
Class 4

USEPA*
(2018)
Class 2Raw water

Treated water
(20 g L -1of γ-PGA)

Aluminum mg L-1 0.21 4.0 0.5 0.2 - ≤ 1.50

Chromium mg L-1 0.01 <0.010 0.03 0.05 ≤ 0.011 ≤ 0.05

Copper mg L-1 0.04 <0.005 0.05 0.013 ≤ 0.50 ≤ 0.004

Iron mg L-1 1.2 <0.100 17.2 5.0 ≤ 1.00 ≤ 0.30

Lead µg L-1 < 0.010 < 0.010 0.03 0.01 ≤ 50.0 ≤ 8.50

Manganese mg L-1 0.16 0.125 0.63 0.5 - ≤ 0.10

Zinc mg L-1 0.04 <0.010 0.16 5,0 ≤ 1.00 ≤ 0.86

Total phosphorus mg L-1 4.1 <0.015 5.4 0.05 - ≤ 0.0001

Nitrogen ammonia mg L-1 45 41 117 5.6 - 13.3 - -

pH - 7.1 6.7 10.7 6.0 - 9.0 6.0 - 8.5 6.0 - 8.5

Electrical 
conductivity μS cm-1 2580 0.62 1,350 - - -

Dissolved oxygen mg L-1 5.83 4.61 4.8 >2.0 ≥ 4.0 -

Temperature ◦C 24.3 22.6 33 - - -

Thermotolerant 
Coliform

NMP/100 
mL 1,6 x 104 1,6 x 104 1,2 × 107 - - ≤ 800

Turbidity NTU 233.4 1.84 356 - ≤ 29 ≤ 29

Apparent color uH 886 27.47 2,58 75 - -

Total dissolved 
solids mg L-1 1571 217 544 500 - -

*No limit established.
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The non-compliance in terms of apparent color 
is also a strong indicator of eutrophication in the 
reservoir. 

The results presented in Table I show that 
thermotolerant coliform concentrations did not 
vary and therefore PGα21Ca was not efficient in 
reducing fecal contamination. However, Cunha 
et al. (2010) pointed out that the flotation system 
showed significant efficiency in the removal of 
thermotolerant coliforms. The use of PGα21Ca did 
not appear to reduce the level of sanitary pollution, 
emphasizing the importance of chemically assisted 
primary treatment.

As for residual turbidity, the jar tests 
indicated that the best result was achieved at a 
sedimentation velocity of 1 cm min-1.  In other 
words, as the sedimentation velocity decreased, 
so did the residual turbidity. Figure 2 is based on 
this sedimentation velocity. Raw water from the 
Pinheiros River showed initial apparent color 
of 886 uH and turbidity of 233.4 NTU. Figure 
2 illustrates the behavior of the coagulant in the 
treatment of raw water.

The dose of 100 mg L-1 of PGα21Ca resulted in 
the removal of 96.95% ± 0.68% of apparent color 
and 1.84 ± 0.12 NTU of residual turbidity. The 

turbidity and apparent color removal rates ranged 
from 48% to 54% when considering the overall 
effect of the two flotation stations in series. Figure 
2 shows the performance of PGα21Ca in the dry 
season, when the most effective dose was 100 mg 
L-1, given the high turbidity and apparent color of 
the raw water of the Pinheiros River.

CONCLUSIONS

Gamma-polyglutamic acid (γ-PGA) is a polymeric 
acid that reacts with calcium and aluminum salts 
contained in its formulation, as well as with 
soluble metals that are present in water, forming 
polyglutamates. These polyglutamates settle 
readily, adsorbing other inorganic substances and 
thus purifying the water. Therefore, it is desirable for 
polyglutamates to be formed only when PGα21Ca 
is added to water, and not before. The components 
of PGα21Ca in powder form are unreactive, so they 
can be stored for long periods of time.

From the standpoint of potability, the presence 
of thermotolerant coliforms leaves no doubt about 
the fecal origin of the contamination, which is very 
common in waters polluted with animal wastes and 
sewage. PGα21Ca did not succeed in reducing the 
thermotolerant coliform concentration.  In this case, 
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Figure 2 - Residual turbidity and apparent color removal rate of Pinheiros River water 
treated with PGα21Ca (Vs 1 cm min-1) in the dry season.
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therefore, measures should be adopted to sanitize 
and disinfect the water. The Pinheiros River water 
falls into the category of class 4, and the main 
reason for its degradation is probably ascribable to 
the discharge of domestic sewage. 

The use of PGα21Ca did not significantly alter 
the pH of the water (6.7±0.15), due to the increased 
dose of the product. This can be considered an 
advantage over traditional coagulants, which 
require adjustments to correct the pH to meet 
potable water standards.Within the dose range, 
PGα21Ca may transfer part of the Al contained in 
its formulation to the medium, which explains the 
increase in aluminum content in the treated water.

This study revealed the remarkable effects 
of the biopolymer PGα21Ca in the removal of 
apparent color and turbidity from Pinheiros River 
water. In addition, treatment with PGα21Ca led to a 
reduction in the order of 100% of total phosphorus. 
The best sedimentation velocity for the coagulant 
under study was 1 cm min-1. In the coagulation-
flocculation and sedimentation tests of Pinheiros 
River water, PGα21Ca presented significant 
apparent color and turbidity removal rates. In the 
dry season, a dose of 100 mg L-1 of PGα21Ca 
resulted in the removal of 96.95 of apparent color 
and residual turbidity of 1.84 NTU.
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