
Dairy wastewater treatment using water treatment
sludge as coagulant: a novel treatment approach

Alok Suman1 • Tarique Ahmad1 • Kafeel Ahmad1

Received: 12 September 2016 / Accepted: 20 April 2017 / Published online: 2 May 2017
� Springer Science+Business Media Dordrecht 2017

Abstract The dairy industry is among the most polluting industries as it produces large

volume of wastewater that may adversely affect the environment if discharged untreated.

Dairy wastewater is characterized by high COD, BOD and nutrient levels. In this study, water

treatment sludge was used as a coagulant for the treatment of synthetic dairy wastewater in

the pH range of 4–10. Turbidity, COD, BOD, TSS and TDS removals from the synthetic

dairy wastewater were found to be around 93, 65, 67, 84 and 85%, respectively, at the

optimum conditions. Water treatment sludge was found to perform even better than other

conventional coagulants used for the same. Results showed that it has the potential to

substitute the conventional coagulants partially or fully in the primary treatment of dairy

wastewater. The utilization of water treatment sludge at dairy wastewater treatment plants

would provide sustainable sludge management and cost-effective dairy wastewater treatment.

Keywords Dairy wastewater � Water treatment sludge � Physicochemical

treatment � Coagulation

1 Introduction

The dairy industry is crucially important for every nation of the world as it provides

essential nutrition to human and generates heavy revenue too. Increasing demand of milk

and milk products has led to the growth of dairy industries in most of the countries of the
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world. India is also among the leading producers of milk and other dairy products in the

world and contributes about 35% of the total Asian milk (Gupta 1997; Qasim and Mane

2013). Dairy industry produces a variety of milk products such as milk powder, flavoured

milk, condensed milk, fluid milk, butter, cheese, yogurt and ice cream through various

manufacturing processes (Kushwaha et al. 2011). Large volume of wastewater is generated

as by-products of whey, cheese and ice cream making processes and during cleaning and

washing of milk containers, equipments and floors (Karadag et al. 2015). Therefore, dairy

industry is regarded as one of the most polluting industries. Vourch et al. (2008) reported

that about 0.2–10 L of wastewater is produced while processing 1 L of milk. Dairy

wastewater mainly contains proteins, fats, lactose, nutrients, including detergents and

sanitizers. It is generally characterized by high COD (80–95,000 mg/L) and BOD

(40–48,000 mg/L), relatively large load of suspended solids (24–45,000 mg/L) and sig-

nificant variation in pH (4.2–9.4) (Rico Gutierrez et al. 1991; Kushwaha et al. 2011).

Hence, discharging such wastewater without prior treatment will cause serious environ-

mental problems.

Dairy wastewater treatment methods commonly involve biological process such as

activated sludge process (ASP), sequencing batch reactor (SBR), trickling filters,

anaerobic filters, aerated lagoons and anaerobic sludge blanket (UASB) reactor. (Demirel

et al. 2005). High energy requirements during aerobic biological treatment and poor

nutrients removal in case of anaerobic biological treatment methods are the main

drawbacks of these processes. Therefore, Hamdani et al. (2004), Kushwaha et al.

(2010a, b, c), Rao and Bhole (2002), Sarkar et al. (2006), Sengil and Ozacar (2006),

Tchamango et al. (2010) investigated the physicochemical methods such as adsorption,

electrocoagulation and coagulation–flocculation for the treatment of dairy wastewater.

Significant removal of COD, BOD, TS, TN, etc., from the dairy wastewater was achieved

in those studies.

Conventional water treatment plants also involve the process of coagulation–floccula-

tion for removing the colloidal impurities from the raw water. Large volume of waste or

residue known as water treatment sludge (WTS) is generated during the coagulation–

flocculation process at these plants. Aluminium salts are commonly used as coagulants

during the coagulation process; therefore, WTS contains considerable part of aluminium

hydroxide precipitate. In many developing countries, WTS is discharged directly into

nearby water bodies which cause significant damage to the environment. Safe and sus-

tainable disposal of WTS through constructive utilization is encouraged nowadays. In this

regard, sincere efforts have been made globally, and several constructive utilization

methods have been identified and investigated (Ahmad et al. 2016a). Application of the

WTS in wastewater treatment has been reported in many previous studies (Guan et al.

2005; Nair and Ahammed 2015; Parsons and Daniels 1999; Xu et al. 2009). However, in

most of the previous studies, WTS was used as a coagulant for the treatment of municipal

wastewater. As per the knowledge, utilization of WTS for treatment of dairy wastewater

has not been investigated so far and reported in any open literature.

In the present study, a novel treatment approach has been investigated to utilize waste/

residue of water treatment plants for treating wastewater discharged from dairy industry.

WTS was used as a coagulant to treat the synthetic dairy wastewater (SDW) by coagu-

lation–flocculation method. Its efficiency in removing turbidity, COD, BOD, TSS and TDS

from the SDW was evaluated and compared with the efficiency of conventional coagulants

such as alum, ferric chloride and ferrous sulphate.
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2 Materials and methods

2.1 Wastewater and its characteristics

SDW was generated by adding 3 mL full cream milk (Mother Dairy brand, manufactured

by Mother Dairy Fruits and Vegetable Ltd.) in 1 L distilled water and 1 g of laboratory-

grade kaolin (H2Al2Si2O8H2O) powder was also mixed to get a uniform solution. The

SDW composition was kept constant throughout the study and was prepared freshly

whenever required. SDW was prepared as per the similar methods described in previously

published literatures (Kushwaha et al. 2010a; Ramasamy et al. 2004). The prepared SDW

samples have been analysed for pH, turbidity, BOD and COD as per the standard procedure

(APHA 1998). TSS and TDS were measured gravimetrically using Whatman Grade 1 filter

paper. Table 1 presents the characteristics of SDW prepared in the laboratory for the

present study.

2.2 Sludge collection and its conditioning

WTS was collected from the Chandrawal Water Treatment Plant, Delhi, India, which is

treating Yamuna river water. The plant is using PACl as coagulant. Major compounds

present in the WTS were determined using energy-dispersive X-ray fluorescence spec-

troscopy (ED-XRF), and trace metals were analysed using wavelength-dispersive X-ray

fluorescence spectroscopy (WD-XRF) technique. The collected WTS was treated with

variable normality of H2SO4 (1.0, 1.5, 2.0, 2.5, 3, 3.5 and 4 N) at a uniform rate of 50 mL/

L of sludge. The optimum normality and dose of H2SO4 found in this process were selected

for preparing conditioned water treatment sludge (CWTS) through acid conditioning.

2.3 Experimental methodology

Alum, ferric chloride, ferrous sulphate and CWTS were used as a coagulant, and their

efficiency in treating dairy wastewater was evaluated by measuring the turbidity, BOD,

COD, TSS and TDS removal from SDW. Laboratory-grade alum, ferric chloride and

ferrous sulphate manufactured by Central drug house, India were used in this study. Alum

had 97% purity, whereas ferric chloride and ferrous sulphate were 96% pure. Stock

solutions (1000 mg/L, i.e. 1 mL = 1 mg coagulant) of coagulants were prepared, and

variable doses of 10–40 mL/L with an increment of 5 mL/L were applied to SDW. Jar tests

were carried out to simulate the conventional coagulation–flocculation process. Six beakers

containing 1000 mL SDW sample were placed on a standard jar test apparatus. A flash/

rapid mixing at 100 rpm for 2 min was carried out after adding the coagulant dose; then the

Table 1 Characteristics of SDW
Parameter Value Unit

pH 6.2–6.8 –

Turbidity 372 NTU

BOD 454 mg/L

COD 1250 mg/L

TSS 348 mg/L

TDS 1187 mg/L
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slow mixing was carried out at 20 rpm for 25 min. Thereafter, jars were kept standstill for

20 min to settle down the flocs. A series of jar tests were performed to determine the effect

of coagulant nature, coagulant dose and initial pH on turbidity removal from SDW.

Removal of colloidal suspension from the SDW was investigated over a wide pH range of

4–10. Initial pH of SDW was maintained to the required level using H2SO4 or NaOH

before adding different coagulants. Batch experiments were carried out at each pH con-

dition for variable dosage of conventional coagulants and CWTS. The supernatant from

each jar was withdrawn and analysed for colloidal suspension removal in terms of turbidity

through Nephelo turbidity meter. The supernatants were also analysed for residual COD,

BOD, TSS and TDS at the optimum condition for each of the coagulants used.

3 Results and discussion

3.1 SDW characteristics

SDW had slightly acidic pH of 6.2–6.8 and high COD value of 1250 mg/L. Turbidity and

TSS values were 372 NTU and 348 mg/L, respectively, with high TDS value of 1187 mg/

L; thus, total solids present in the SDW was about 1535 mg/L. Preliminary experiments

showed that higher coagulant doses were required to settle down the colloidal suspension.

Kushwaha et al. (2010c) also reported higher optimum dose of different coagulants in their

study. Therefore, to make the solution uniform and economize the required coagulant dose,

kaolin was added while preparing the SDW. Addition of kaolin lowered the optimum

coagulant dose in each of the coagulants applied in this study. It may due to adsorption of

colloids onto the surface of kaolin particles.

3.2 WTS characteristics

Chemical composition of the WTS is shown in Table 2. SiO2 (67.75%) and Al2O3

(16.76%) were the major oxides present in the WTS; however, Fe2O3 was also found in

small quantity. Since PACl is used at the water treatment plant, WTS had higher per-

centage of aluminium in the dried mass of WTS; therefore, conditioning of WTS would

regenerate the aluminium and iron present in the sludge. The regenerated aluminium and

iron work as coagulant in the treatment of dairy wastewater. Some trace elements listed in

Table 3 were also found in the WTS. These metals are either present in the raw water or

Table 2 Chemical composition
of WTS

Composition % W/W

SiO2 67.75

Al2O3 16.76

Fe2O3 5.52

MgO 3.33

K2O 3.03

CaO 2.37

TiO2 0.51

MnO 0.09

Cl 0.30
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present as impurities in the coagulants and get accumulated into the small mass of sludge

(Ahmad et al. 2016a). Some of these metals are toxic in nature and require careful

attention. Hence, safe disposal of such waste is warranted for sustainable development.

3.3 Conditioning of WTS

Turbidity removal at variable dosage of WTS acidified with the different normality of

H2SO4 is shown in Fig. 1. It is evident from Fig. 1 that, as the normality of H2SO4 was

increased from 1 to 3 N, turbidity removal was also increased, whereas it decreased when

WTS was acidified with H2SO4 of normality above 3 N. Conditioning of WTS with acids

releases the aluminium and iron metals from the sludge matrix which act as coagulating

agent. Xu et al. (2009) recovered coagulants from WTS through the acidification process

Table 3 Trace metals present in
the dry WTS

Elements ppm

Ni 21.97

Cu 38.31

Zn 83.08

Ga 13.48

As 18.00

Br 7.76

Rb 136.26

Sr 68.41

Y 22.50

Zr 108.59

Nb 10.76

Ba 485.94

W 147.67

Pb 24.00
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and applied in the wastewater treatment. It was reported in the previous studies that the

alum recovery is favoured at lower pH (Keeley et al. 2012; Xu et al. 2009). Dissolution of

aluminium at too low pH condition negatively affects the coagulation process (Kim et al.

2002) and was also observed in the experiments conducted in this study for removing the

colloidal suspension from SDW by acidifying WTS with H2SO4 above 3 N. Therefore,

WTS acidified with H2SO4 of normality above 3 N was found less efficient in removing

colloidal suspension from SDW. The optimum normality of H2SO4 was found to be 3 N,

gave highest turbidity removal at all the dosage of acidified WTS. Hence, the collected

WTS was acidified with 3 N H2SO4 at the rate of 50 mL/L of sludge to prepare CWTS and

was used as a coagulant in the treatment of SDW at variable condition.

3.4 Effect of initial pH and coagulant dose

Turbidity removal from SDW in the pH range of 4–10 at variable dosage of alum, ferric

chloride, ferrous sulphate and CWTS is shown in Fig. 2a–d, respectively. It could be

observed from Fig. 2a that as pH was increased, turbidity removal also increased up to pH

7. It could be further inferred that the turbidity removal increased with alum dose and

attained the maxima at about 25 mL/L alum dose for all pH conditions. Maximum tur-

bidity removal of 93% was achieved at the alum dose of 25 mL/L when the initial pH of

SDW was kept at pH 7. Figure 2b, c presents the turbidity removal from SDW at variable

dose of ferric chloride and ferrous sulphate at different initial pH of SDW. Turbidity

removal was found to increase with increasing pH for both the iron-based coagulant.

Optimum pH was found to be 7 which gave maximum turbidity removal of 95% at the

optimum dose of 35 mL/L in case of ferric chloride. However, ferrous sulphate was found

to be more effective in the higher pH range of 7–10. Turbidity removal of 94% was

achieved at pH 7 for the coagulant dose of 35 mL/L, whereas about same 94 and 93%

turbidity was removed at pH 9 and 10 at the coagulant doses of 30 and 25 mL/L,

respectively. The optimum condition for ferrous sulphate was selected as pH 7 and 35 mL/

L dose because the initial pH of the SDW was around this value. Figure 2d shows the

effect of initial pH of the SDW and CWTS dose on the turbidity removal from SDW. In

case of CWTS also the turbidity removal increased with pH and had increased up to pH 7,

after that it decreased rapidly as the CWTS dose was increased from 10 to 40 mL/L. At pH

5, 6 and 7 turbidity removal had increasing trend with CWTS dose and attained maximum

removal at the dose of 25 mL/L and then decreased. CWTS was found to be more effective

at neutral pH, gave maximum turbidity removal of 93% from SDW at the optimum dose of

25 mL/L.

In fact, the colloidal removal or the coagulation mechanism is determined by the

interrelations existing between coagulant dose, pH and colloidal concentration. Formations

of metallic cations are dominant at lower pH and favours colloidal removal through

adsorption by charge neutralization. However, at higher pH and increasing the dose, for-

mation of hydroxide precipitate leads to colloidal solids removal mainly by sweep floc

mechanism and physical adsorption (Ahmad et al. 2016b; Guan et al. 2005; Kim et al.

2007; Lee et al. 2000). However, Amirtharajah and O’Melia (1990) observed that the

coagulation mechanisms of hydrolysing metal salts are complex and do not necessarily

involve charge neutralization. The casein (milk protein) present in the dairy wastewater

cFig. 2 Turbidity removal at variable doses of different coagulants a alum, b ferric chloride, c ferrous
sulphate, d CWTS
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mainly imparts colloidal nature to the wastewater (Herrington 1948). Selmer-Olsen et al.

(1996) reported that dairy wastewater has the isoelectric point (pHiso) around 4.2. At

pH[ pHiso milk proteins present in the dairy wastewater carry negative charge and hence,

can be removed through charge neutralization by positively charged coagulant species.

Therefore, in case of alum and CWTS, Al3? caused higher turbidity removal between the

pH range of 6–8, and reduction in colloidal removal efficiency above pH 8 could be

explained due to formation of Al(OH)4- species in water (Duan and Gregory 2003). The

electrostatic repulsion between negatively charged colloidal particles and Al(OH)4- ions

reduced the turbidity removal and the associate pollutant removal from the SDW. Iron-

based coagulants showed higher turbidity removal even at pH[ 8. It could be attributed to

the findings that at pH[ 8, formation of positively charged Fe2? and Fe(OH)? and neutral

Fe(OH)2 hydrolysis species caused better colloidal removal as compared to other coagu-

lants used in this study. However, formation of negatively charged Fe(OH)3
- ions occurs

when pH[ 10.5, causing lower turbidity removal (Benjamin 2002). CWTS was found

efficient in removing colloidal suspensions from SDW at neutral or acidic pH conditions;

however, dissolution of Al into solution at pH\ 4 negatively affected the turbidity

removal. At pH[ 8, formation of Al(OH)4- reduces the colloidal removal efficiency

(Duan and Gregory 2003), and it is evident from Fig. 2d that CWTS was effective at

10 mL/L dose but removal efficiency decreases with increasing the dose. Therefore,

CWTS worked efficiently in the SDW having initial pH around 7 and the results were

comparable with the efficiency of conventional coagulants in this pH range.

3.5 Quality of treated SDW at optimum condition

During the coagulation–flocculation process, apart from turbidity other pollutants associ-

ated with the colloidal particles also get removed. Therefore, SDW obtained after the

coagulation–flocculation process at the optimum conditions in case of each coagulant was

analysed for COD, BOD, TSS and TDS removals. COD, BOD, TSS and TDS removal

from the SDW after physicochemical treatment is shown in Table 4. CWTS had the
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highest COD removal per cent (65%) when compared with alum (63%), ferric chloride

(64%) and ferrous sulphate (64%). BOD removal by CWTS was also comparable to that of

BOD removal by other coagulants under investigation. BOD removal of 67% was achieved

with CWTS, whereas alum removed 67% BOD; ferric chloride and ferrous sulphate both

removed 68% BOD from the SDW. TSS and TDS removals were also higher than that of

conventional coagulants. TSS and TDS removal from the SDW was 84 and 85%,

respectively, at the optimum condition of pH 7 and 25 mL/L CWTS dose. However, the

TSS and TDS removals were 80 and 81%, respectively, for alum, 84 and 83%, respec-

tively, for ferric chloride and 84 and 83%, respectively, in case of ferrous sulphate. Unlike

other pollutants, TDS removal efficiency seems to be unexpectedly high in case of all the

coagulants. Such higher removal efficiency values were observed may be due to the

constraint of gravimetric method used to determine the TDS removal. The cation–anions

along with the ultrafine flocs were removed on the filter paper giving higher TDS removal

efficiency in all the cases. However, it was a comparative study and except for BOD,

CWTS was found to perform even better than the conventional coagulants in removing

COD, TSS and TDS from SDW. BOD removal result was also very close to that of

conventional coagulants. It is evident from the results that the CWTS is efficient in

removing pollution load from the dairy wastewater. Hence, from the above discussion, it

can be inferred that WTS can be applied in the primary treatment of dairy wastewater and

could substitute the conventional coagulants partially or fully in the dairy wastewater

treatment plants. WTS application would provide safe and sustainable sludge disposal

option. At the same time, it could provide cost-effective physicochemical treatment to

dairy wastewater by reducing the requirements of chemical coagulants.

4 Conclusions

Physicochemical treatment of SDW by coagulation/flocculation process using CWTS was

successfully achieved in this study. CWTS prepared from WTS acidified with 3 N H2SO4

at the rate of 50 mL/L sludge performed even better than the conventional coagulants for

the treatment of SDW. Maximum turbidity removal of 93% was achieved at pH 7 and

CWTS dose of 25 mL/L. Along with the turbidity, pollutants associated with the colloidal

particles also get removed. Significant removal of COD (65%), BOD (67%), TSS (84%)

and TDS (85%) from the SDW was achieved at the optimum condition. Removal of all the

pollutants from SDW by CWTS was comparable to that of conventional coagulants such as

alum, ferric chloride and ferrous sulphate. Hence, it can be concluded from the present

study that CWTS could be potentially utilized to treat the dairy wastewater. Recycling of

waste from water treatment plants into dairy wastewater treatment plants would provide

Table 4 Removal of pollutants from SDW at the optimum condition

Coagulant Pollutant removal (%)

Turbidity COD BOD TSS TDS Optimum condition

Alum 93 63 67 80 81 pH 7, 25 mL/L dose

Ferric chloride 95 64 68 84 83 pH 7, 35 mL/L dose

Ferrous sulphate 94 64 68 84 83 pH 7, 35 mL/L dose

CWTS 93 65 67 84 85 pH 7, 25 mL/L dose
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constructive utilization and sustainable disposal of WTS, at the same time providing cost-

effective physicochemical treatment of dairy wastewater.
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