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Abstract

The application of calcium sulphate dihydrate (CaSO4·2H2O) as a coagulant-flocculant alternative to the conventional use 
of aluminium sulphate in the primary treatment of wastewater was evaluated using a jar test apparatus. Samples from the 
State Water Commission (CEA) in Queretaro, México, were collected for the experiments. Turbidity and pH were measured 
before and after applying the calcium sulphate dihydrate (CaSO4·2H2O). Turbidity readings obtained for the doses of 4 g·ℓ-1 
of aluminium sulphate varied from 3.91 to 3.87. The corresponding water pH was 3.90, giving the water an acidic character. 
Use of aluminium sulphate in the clarification of wastewater, thus, has financial and environmental implications due to the 
need to raise the pH of the treated water to 6.5–8.5, the recommended optimum interval for the physical-chemical-biological 
removal of pollutants. By contrast, calcium sulphate di-hydrate (CaSO4·2H2O) (gypsum) doses of 1, 1.5 and 2 g·ℓ-1 resulted 
in a pH of between 7.04 and 7.51 repeatedly. These findings suggest that the application of calcium sulphate di-hydrate 
(CaSO4·2H2O) as coagulant-flocculant, followed by the process of sedimentation, may be a suitable alternative for the clari-
fication of wastewater. However, the turbidity reported for the same doses was 74.05, 80.5 and 74.5 NTU, respectively, well 
above the international standard of 5 NTU. The effect of gypsum on turbidity warrants further research. 
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Introduction 

Wastewater treatment systems are pre-emptive systems used to 
control water pollution reaching surface water bodies such as 
lakes, rivers and seas (Perez et al., 2004). Water quality is aug-
mented through adequate wastewater treatment, thus having 
beneficial effects on both the environment and public health, 
as well as enhancing the potential for re-use (Silva et al., 2008; 
Tebbutt, 1999). 

Water reuse and recycling is a necessary strategy for the 
sustainability of all of the economic activities which water sup-
ports (Dominguez et al., 2003; Ortiz, 2005). However, appro-
priate treatment is necessary to ensure high efficiency, low cost 
and protection of the environment in the use of recycled water 
(Arreguín and Mejia, 2006). The coagulation/flocculation/sedi-
mentation process, also known as advanced primary treatment 
(APT) (Andia, 2000; Rodriguez et al., 2007), is an effective 
treatment, but also represents a huge disbursement to be made. 

Coagulation/flocculation/sedimentation is a universal 
method because it eliminates a large number of substances, of 
various particle weights, at a lower cost than other methods 
(Andía, 2000; Kaewdannetra et al., 2009; Murrillo, 2009; 

Rodríguez et al., 2007). Turbidity is considered an important 
parameter for evaluating the quality of a water body. It indi-
cates quality in terms of concentration of colloidal particles 
(Arboleda, 2000; Harris, 2007). The higher the particle count, 
the more turbid the water is (Yan et al., 2008). These colloidal 
particles have, in most cases, a negative surface charge, caus-
ing repulsion between them (Chen, 2004). This phenomenon is 
known as the diffuse double layer and it prevents the agglom-
eration of these particles (Haydar and Anwar, 2009). Therefore, 
it is important to promote the destabilisation of the particles 
by adding cationic coagulants (Simina et al., 2009). The later 
stages of water treatment depend largely on the success of the 
coagulation-flocculation-sedimentation process (Díaz et al., 
2007; Kaewdannetra, et al., 2009). 

Aluminium sulphate is conventionally used for the coag-
ulation-flocculation process in primary treatment of waste
water. Aluminium is considered a toxic element for plants and 
animals. Therefore, its presence in soils and aquatic systems 
can cause negative effects (Delhaize and Ryan, 1995; Rapp 
and Bishop, 2009). Increased acidity in soils is associated with 
toxic levels of aluminium in plants (Lidon and Barreiro, 2002; 
Mossor-Pietraszewska, 2001; Pacala, et al., 2009; Rotter and 
Furlani, 2005). Therefore, there is interest in developing the 
use of alternative, new coagulants without this impact, since 
the benefits outweigh, in many cases, the costs of using them 
(Murrillo, 2009; Qui, et al., 2009). It is, therefore, necessary to 
evaluate the performance of other coagulants in the clarifica-
tion of wastewater. 
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This study evaluated the use of calcium sulphate dihydrate 
(CaSO4·2H2O) (gypsum) as an alternative to aluminium sul-
phate in wastewater clarification, with the option to provide 
treated reused water for agricultural purposes, amongst other 
options.

It is important to emphasize that there are no antecedents 
for the use of calcium sulphate as a coagulant-flocculant. 
Hence, this study aimed to demonstrate the possibilities of its 
application as such, without changing the original characteris-
tics of the sample waters and taking into account the variables 
which directly influence the success of the primary treatment 
process, i.e. pH, mixing speed, and retention time. 

Materials and methods 

Sample collection and processing 

Water samples were collected from a wastewater treatment 
plant located and operated by the State Water Commission 
(CEA) in the Mexican city of Queretaro (20°35’25.74’’ N, 
100°24’53.60’’ W; 1 813 m amsl). Water samples were collected 
in 19 ℓ plastic bottles. They were immediately transported in a 
water cooler at 4°C to the laboratory. The samples were col-
lected at a single point with 4 replications.

Origin of calcium sulphate dihydrate (gypsum) and 
its characteristics

Calcium sulphate dihydrate (gypsum) (CaSO4·2H2O) was 
provided by the Yesera Monterrey, S.A. The product is known 
commercially as ‘maximum agricultural gypsum’ and comes 
in a powder form. The technical specifications are presented in 
Table 1. 

for use in food processing and beverage industries, amongst 
others. Turbidity values are used to determine the degree of 
treatment required by a raw water source, its filterability and, 
consequently, the most suitable filtration rate, and the effective-
ness of the processes of coagulation-flocculation, sedimentation 
and final filtration. EC and pH were measured with the Horiba 
D-54 potentiometer. The sample water was placed into a 1 000 
mℓ beaker for each of the 4 replicates, and the pH and EC (μS/
cm) read using the respective electrodes. 

Turbidity was measured using a Hach 4000 U spectro
photometer Program 1870. A sub-sample of 5 m3 was taken 
from the upper part of the sample in order to avoid sampling 
solids that had already settled. 

Experimental design

The coagulants-flocculants used in this experiments were: 
calcium sulphate dihydrate (Ca(SO4)·2 H2O), a divalent com-
pound, and aluminium sulphate with 18 molecules of water 
((Al2(SO4)3)·18 H2O), a trivalent compound. The doses of the  
2 coagulant-flocculants for the treatment were 0.00, 0.50, 1.00, 
1.50, 2.00, 2.50, 3.00, 3.50 and 4.00 g·ℓ-1 added in dry powder 
state. These doses were established after performing an initial 
test to determine the dose at which coagulation started. 

Jar test apparatus
 
The sedimentation equipment (jar test apparatus; Fig. 1) has 
4 units with detachable stainless steel flat propellers used as 
agitators. These simulate the mixing and settling conditions 
in a clarification plant. When the experiment is conducted in 
the laboratory, there is the advantage of being able to make 4 
runs simultaneously with the help of the jar test apparatus. The 
engine has an electronic speed control from 0 to 100 r·min-1 and 
the tachometer is mechanical. It operates on 120 V and includes 
a fluorescent lamp base and 4 Armfield brand 1 ℓ cups. 

Jar test methodology 

After the characterisation of raw water, the standard doses of 
coagulants-flocculants were applied using the jar test appa-
ratus, with the aim of defining the following parameters: raw 
water quality, rates of coagulation and flocculation, retention 
times, and pH adjustment.

Table 1
Technical specification of CaSO4·2H2O used

CaSO4·2H2O powder Technical 
specification

Particle size per cent retained on screen 100 18–20
Per cent purity of CaSO4·2H2O 90–96
Per cent calcium (Ca) 19.5–21.9
Per cent sulphur (S) 14.9–17.5

Variables for the characterisation of sample water

The study employed 3 response variables: 
•	 potential of hydrogen (pH), 
•	 electrical conductivity (EC), and 
•	 turbidity. 

These 3 variables were measured in the raw wastewater 
before treatment was applied. Hydrogen ion concentration is 
an important parameter for both natural and sewage waters 
because it has an influence on the effluent conditions, which 
could affect both the flora and fauna of the receiving water 
body. The final value of this parameter is governed by regula-
tion of the maximum allowable discharges for wastewater 
going into sewers or receiving bodies. Electrical conductivity 
is also of great importance as it indicates the degree of min-
eralisation present in the wastewater. Turbidity is useful as an 
indicator of water quality and plays an important role in the 
performance of wastewater treatment plants; turbidity is an 
important consideration in water for human consumption and 

 

Figure 1
The jar test apparatus
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The procedure used was as follows: 
•	 The 4 beakers were filled with 1 000 mℓ of raw water which 

was pre-measured in a test tube. 
•	 The beakers were labelled with the corresponding dose as 

well as the coagulant-flocculants applied; then the steel 
blades were placed in each beaker. 

•	 The device was turned on, along with the lamp, and the 
paddles were run at 100 r·min-1 (maximum speed for the jar 
apparatus), with the purpose of homogenising the sample 
for 60 s. 

•	 After this time, the coagulant was added with the doses 
previously assigned. It was applied in the centre of the 
pallet where the vortex is formed, to ensure maximum dis-
semination and allowing the process to continue for another 
60 s at the maximum speed. It is at this point that coagula-
tion occurs. 

•	 After this time, the mixing speed was slowed to 40 r·min-1 
for approx. 20 min. It is at this point that flocculation 
occurs. 

•	 After this period, the device was switched off. Each of the 
blades was carefully removed and the samples left to sit for 
15 min – the settling time for this experiment. 

•	 Finally, the response parameters (pH, EC and turbidity) 
were measured. 

Statistical analysis 

One-way ANOVA (p<0.05) was applied to determine the 
dependence between dose and response variable for each 
coagulant-flocculant and dosage used. 

Results

Jar test 

The results of the jar test with the respective doses for each of 
the treatments are shown in Table 2 and graphically presented 
in Figs. 2, 3 and 4.

Table 2
 EC and turbidity after treatments

Doses CaSO4 Al2(SO4)3

(g·ℓ-1) Mean SD Tukey Mean SD Tukey
EC (μS·cm-1)

0.00 131.63 1.70 I 131.63 1.70 hi
0.50 145.13 1.65 h 131.90 0.18 h
1.00 189.10 0.08 g 143.35 0.13 g
1.50 202.01 0.15 f 160.73 0.17 f
2.00 251.00 0.82 e 186.08 0.10 e
2.50 261.00 1.63 d 187.98 0.15 d
3.00 284.00 1.41 c 220.98 0.05 c
3.50 311.00 0.08 a 235.00 0.82 c
4.00 308.98 1.31 ab 240.00 0.87 c

Turbidity (NTU)
0.00 63.50 0.08 e 63.50 0.08 a
0.50 74.50 0.08 b 2.94 0.02 h
1.00 74.05 0.00 b 7.27 0.01 d
1.50 80.50 0.04 a 4.88 0.00 f
2.00 74.50 0.01 b 7.19 0.00 e
2.50 72.50 0.01 c 9.82 0.00 b
3.00 67.50 0.52 d 7.27 0.00 d
3.50 56.50 0.08 g 8.40 0.00 c
4.00 62.20 0.20 f 3.87 0.00 g

SD: Standard deviation. 
Values followed by the same letter for each parameter evaluated are 
not significantly different. The comparison of mean values was per-
formed with a confidence level of 95%, as determined by Tukey’s test. 
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Figure 2 (above)
Variation of pH with respect to the applied coagulant dose

Figure 3 (top right)
Variation of EC with respect to the applied coagulant dose

Figure 4 (bottom right)
Variation of turbidity with respect to the applied coagulant dose Dose ( g l-1 )
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Table 3
Coefficient of variation (CV)

Coagulant-
flocculant

CaSO4·2H2O Al2(SO4)3·18H2O

Dispersion 
measures

Mean SD CV % Mean SD CV %

EC 231.54 60.50 26.13 181.96 42.92 23.59
Turbidity 69.53 7.61 10.94 12.79 19.14 149.62

Discussion 

Potential of hydrogen 

pH is often considered to be the most important water quality 
parameter, because certain chemical processes only take  
place at a specific pH. Table 2 shows the variation of pH with 
respect to the incremental doses of coagulants used (Fig. 2).  
For CaSO4·2H2O, Fig. 2 shows that a neutral character of the 
solution was maintained. For the 1 g·ℓ-1 dose, a maximum value 
of 7.51 was obtained and for the dose of 3.5 g·ℓ-1 the corre-
sponding pH was 6.9. 

For addition of aluminium sulphate, the higher the dose of 
Al2(SO4)3, the lower the pH becomes. It is important to note 
the effect of aluminium on pH. This implies a considerable 
reduction in the pH of the raw treated water when aluminium 
sulphate is used. The minimum dose also gave an acidic char-
acter to the water. The raw water had the highest pH and the 
treated water that received a dose of 2.5 g·ℓ-1 had the lowest pH, 
of 3.79. 

Comparing the pH values obtained to the maximum/
minimum limits of the norm NOM-001-SEMARNAT-1996 
(SEMARNAT, 2003), it can be seen that application of alumin-
ium sulphate results in pH readings outside the standard ranges 
established for Mexico (6.5–8.5). The likely chemical process 
involved is as follows: The raw water had a neutral pH; by add-
ing aluminium sulphate it was hydrolysed to form a colloidal 
aluminium hydroxide and an equivalent amount of sulphuric 
acid in accordance with the following chemical equation: 

Al2(SO4)3 + 6 H2O = 2Al(OH)3 + 3H2SO4

When using commercial aluminium sulphate, it is found that 
1 g·ℓ-1 of aluminium sulphate destroys 0.5 g·ℓ-1 of alkalinity 
produced by 0.44 g·ℓ-1 of carbon dioxide (Tebbut, 1999). 

With the application of coagulant-flocculant CaSO4·2H2O, 
the pH started at 7.2, and showed fluctuations between 6.96 and 
7.51. Therefore, the pH variation with addition of this coagulant 
was minimal, and within the regulated range for treated efflu-
ent in Mexico. The resulting neutral pH of the treated water is 
an advantage for reuse of the water. The ranges were within the 
values established by the regulations. 
It is important to note from Tables 2 and 3 that for both floccu-
lant-coagulants the pH does not differ significantly between the 
different doses tested. 

Electrical conductivity 

Table 2 shows that increasing the dose of both coagulants 
results in an increase in electrical conductivity (Fig. 3 and 
Table 3), and the coefficients of variation are similar for both 
coagulants (26.13% for CaSO4 and 23.59% for Al2(SO4)3). 
Martínez (2004) found that at pH values below 5.5 the electri-
cal conductivity increases, producing an acidic character in the 
water, making it impractical for reuse in agriculture.  

The values of EC for both treatments are below 0.7 dS·m-1 
(Table 2) and, therefore, within the recommended value for 
treated wastewater (Tchobanoglous and Burton, 2000) used in 
irrigation systems. 

Turbidity 

With respect to turbidity removal, the results for all doses of cal-
cium sulphate di-hydrate (CaSO4·2H2O) tested were not encour-
aging. From Table 2, the original turbidity of the raw water was 
63.5 NTU and the highest reduction in turbidity by calcium sul-
phate di-hydrate was achieved by a dose of 3.5 g·ℓ-1 (final turbid-
ity of 56.5 NTU; removal of 11.02% turbidity). Use of aluminium 
sulphate, by contrast, resulted in a clearance rate of 93.91% for a 
dose of 4 g·ℓ-1; (final turbidity of 3.87 NTU). The turbidity results 
achieved for the different doses of the two coagulants studied 
were significantly different in most cases (Table 2). 

Table 3 presents the coefficients of variation around the 
mean of the results for all doses of each coagulant. The coef-
ficients of variation for turbidity were 10.94% and 149.62%, 
for calcium sulphate and aluminium sulphate, respectively. 
It is important to note the low cost of producing calcium 
sulphate di-hydrate (CaSO4·2H2O). Gypsum retails at a price 
of USD0.060 per kg, compared to aluminium sulphate at 
USD$0.45 per kg, a difference of 86.67% (of the price of alu-
minium sulphate). 

This study was a first step in assessing the suitability of 
calcium sulphate di-hydrate as coagulant-flocculant in the 
primary treatment of wastewater. Due to the complexity of the 
coagulation-flocculation process, further investigation and the 
refinement of various elements is required. 

Conclusions 

The alternative use of calcium sulphate di-hydrate 
(CaSO4·2H2O) as a coagulant-flocculant in the primary treat-
ment of wastewater may be economically and environmentally 
beneficial. However, it is well known that an ‘at-source’ waste-
water treatment plant represents a complex system. Therefore, 
more research is needed to understand the coagulation-floccu-
lation phenomena, and to establish the specific isoelectric point 
for calcium sulphate di-hydrate (CaSO4·2H2O), i.e. the optimum 
pH for coagulation-flocculation.
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