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Abstract During the past few decades, pharmaceutical

industries have registered a quantum jump contributing to

high economic growth, but simultaneously it has also given

rise to severe environmental pollution. Untreated or alleg-

edly treated pharmaceutical industrial wastewater (PIWW)

creates a need for time to time assessment and character-

ization of discharged wastewater as per the standards

provided by the regulatory authorities. To control environ-

mental pollution, pharmaceutical industries use different

treatment plans to treat and reuse wastewater. The charac-

terization of PIWW using advanced and coupled techniques

has progressed to a much advanced level, but in view of new

developments in drug manufacture for emerging diseases

and the complexities associated with them, better sophisti-

cated instrumentation and methods of treatment are war-

ranted. The bioremediation process to treat PIWW has

undergone more intense investigation in recent decade. This

results in the complete mineralization of pharmaceutical

industries’ wastewater and no waste product is obtained.

Moreover, high efficiency and low operation cost prove it to

be an effective tool for the treatment of PIWW. The present

review focuses on the characterization as well as bioreme-

diation aspects of PIWW.
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Introduction

Environmental pollution is one of the major challenges of

today’s civilization (Kaushik et al. 2012; Spina et al. 2012).

In India, it is found that one-third of total water pollution

comes in the form of industrial effluent discharge, solid

wastes and other hazardous wastes. Industrial wastewater

presents a potential hazard to the natural water system

(Deepali 2012; Kansal et al. 2011; Lokhande et al. 2011;

Modak et al. 1990). This wastewater contains many inor-

ganic and organic matters, which are toxic to the various life

forms of the ecosystem (Spina et al. 2012). Several research

investigations have shown the widespread occurrence of

these pollutants in wastewater, surface water and ground

water (Debska et al. 2004; Heberer 2002). The increasing

pollution load of pollutants from industrial water streams has

also caused great harm to the rivers, posing major health

risks on either direct bathing or drinking in the river water

(Seth et al. 2013). Environmental pollution caused by

industrial effluents results in adverse effects on the general

health of the workers, as well as the habitants, who live near

the chemical synthesis industries and farmers along with

field workers (Asamudo et al. 2005).

Worldwide growth and expeditious industrialization

have led to the recognition and increasing understanding of

the interrelationship between pollution, public health and

environment. Presently, 3.4 million people die each year in
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the world from waterborne diseases owing to rapid indus-

trialization (Rajaram and Das 2008; Khan and Noor 2002).

The surface water is the main source of industries for

wastewater disposal (Kar et al. 2008). Untreated or alleg-

edly treated industrial effluents have enhanced the level of

surface water pollution up to 20 times the safe level in 22

critical polluted areas of the country. It is found that almost

all rivers are polluted in most of the stretches by some

industries (Lokhande et al. 2011; Modak et al. 1990). The

level of wastewater pollution varies from industry to

industry depending on the type of processes and the size of

the industries (Garcia et al. 1995).

In India, during the past few decades pharmaceutical

industries have registered a quantum jump. Pharmaceutical

industry production includes raw material, antibiotics,

variety of medicines and cosmetic products, which in turn

generates the effluent containing constituents harmful to

human and aquatic life (Dixit and Parmar 2013; Chang et al.

2008). Wastewater produced from these units is hazardous

and toxic and also often has intensive colour and disgusting

odour. The recalcitrant molecules survived through the

wastewater treatment process and finally discharged into

the environment. Although maintenance and housekeeping

activities are similar in one plant to another, pharmaceutical

industries do not generate uniform waste streams, due to the

variety of medicines produced during any given manufac-

turing process (Kavitha et al. 2012; Wei et al. 2012; Mad-

ukasi et al. 2010; Chang et al. 2008; Rao et al. 2004).

Though the volume of untreated or incompletely treated

pharmaceutical industry wastewater is small, it contains a

high level of pollutants because of the presence of non-

biodegradable organic matter (such as antibiotics, other

prescription drugs, non-prescription drugs, animal and plant

steroids, reproductive hormones, beta-lactamides, anti-in-

flammatories, analgesics, lipid regulators, anti-depressants,

cytostatic agents, personal care products, detergent metab-

olites, flame retardants, product of oil use and combustion

and other extensively used chemicals, i.e. spent solvents,

reaction residues, used filter media, etc., heavy metals (such

as lead, mercury, cadmium, nickel, chromium) and other

pollutants (Ramola and Singh 2013; Vuppala et al. 2012;

Chelliapan et al. 2011). Table 1 depicts the summary of

typical material inputs and pollution outputs in the phar-

maceutical industry. Predicted impacts of wastewater on the

flora and fauna vary widely due to the wide variations in the

characteristics of the wastewater. The impact of pharma-

ceutical chemicals on public health and environment

demands an increasing concern due not only to their acute

toxicity, but also to their genotoxicity and mutagenic

effects. When these pollutants are discharged on the ground

or in water bodies, they accumulate in the system through

the food chain and affect human health and other living

organisms (Nadal et al. 2004).

Assessment and characterization of wastewater is

important to evaluate the quality of wastewater. In India,

the Central Pollution Control Board (CPCB) provides

standards with their limiting concentrations for discharge

of environmental pollutants from the pharmaceutical

(manufacturing and formulation) industry (Table 2).

Nowadays, pharmaceutical companies employ a variety of

treatment methods, which includes primary: chemical and

physicochemical, secondary: biological process and

Table 1 Summary of typical material inputs and pollution outputs in the pharmaceutical industry

Process Inputs Wastewater Residual wastes

Chemical synthesis

Reaction Solvents, catalysts, reactants, e.g. benzene, chloroform,

methylene chloride, toluene, methanol, ethylene glycol,

xylenes and hydrochloric acid

Process wastewaters with spent solvents,

catalyst, reactants. High in BOD, COD,

TSS with pH of 1–11

Reaction residues and

reactor bottom wastes

Separation Separation and extraction solvents, e.g. methanol, toluene,

acetone and hexanes

Spills, leaks, spent separation solvents Separation residues

Purification Purification of solvents, e.g. Methanol, Toluene, Acetone

and Hexanes

Spills, leaks, spent separation solvents Purification residues

Drying Finished active drug and intermediates Spills, leaks, spent separation solvents –

Natural

product

extraction

Plant roots, animal tissues, extraction solvents, e.g.

ammonia, chloroform and phenol

Equipment cleaning, Spills, leaks, spent

solvents. Low BOD, COD, TSS and pH

of 6–8

Spent raw materials

(plants, roots, etc.)

Fermentation Inoculum, sugar, starches, nutrient, phosphates,

fermentation solvents, e.g. ethanol, amyl alcohol,

methanol, acetone and MiBK, etc

Spent fermentation broth, wastewater

containing sugar, nutrients, etc. High

BOD, COD and pH 4–8

Waste filter cake,

fermentation residues

Formulations Active drug, binders, sugar syrups, etc Equipment cleaning, Spills, leaks, spent

solvents. Low BOD, COD, TSS and pH

of 6–8

Particulates, waste

packaging, rejected

tablets, capsules, etc

Effluent limitations guidelines and standards for the pharmaceutical manufacturing point source category, US EPA, Washington DC, Feb 1995
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tertiary: advanced oxidation processes(Deegan et al. 2011;

Vanerkar et al. 2013). Among others, bioremediation is one

of the latest and widely used techniques used for the

treatment of pharmaceutical industries’ wastewater.

Not much work has been done on characterization-

assisted bioremediation methods in India and available

reports elsewhere are scanty. Thus, identifying the need to

explore the area in light of the gaps and lack of expensive

work done, the present review gives a detailed account of

available work in the area.

Characteristics of pharmaceutical industries’

wastewater

Wastewater characteristics play an important role in the

selection of the treatment process of wastewater (Deegan

et al. 2011). The wastewater characteristics generated

during the manufacturing of pharmaceuticals vary greatly

depending on the raw materials and equipments used, as

well as the manufacturing, compounding and formulation

process employed (Mayabhate et al. 1988). In designing

the bulk manufacturing processes, consideration is given to

the availability of the raw materials and their toxicity, as

well as the wastes (i.e. mother liquor, filter residues and

other by-products) and emission generated.

Damodhar and Reddy (2013) reported the impact of

pharmaceutical industries-treated effluents on the water

quality of River Uppanar, southeast coast of India. They

studied the water quality of the river with reference to the

following parameters (average value): pH range between 7

and 8, temperature between 26.25 and 28.87 �C, EC

between 694.08 and 1733.13, TDS between 354.38 and

873.81 mg/l, TSS between 50 and 348.75 mg/l, BOD

between 3.69 and 5.78 mg/l, COD between 131.31 and

218.42 mg/l, Ca between 36.75 and 55.86 mg/l, Mg

16.43–23.52 mg/l, hardness 162.97–236.1 mg/l, Na

between 70.69 and 100.12 mg/l and chloride between

131.20 and 176.97 mg/l. They finally concluded that the

effluent produced by pharmaceutical industries has a sig-

nificant negative effect on the water quality of River

Uppanar.

Some researchers have previously worked on the charac-

terization of PIWW for physicochemical parameters, metals

and other toxic pollutants, as shown in Tables 3 and 4.

Kavitha et al. (2012) studied the physicochemical ana-

lysis of pharmaceutical industrial effluent and treatment

plant’s efficiency and found the variation in wastewater

characteristics from the inlet point to the outlet point of

septic tanks. They observed reduction in the following

parameters: TSS 4,300–94 mg/l, TDS 2,846–1,308 mg/l,

COD 7,280–9.9 mg/l, BOD 4,132–6.6 mg/l, chlorides

1,000–300 mg/l, sulphates 500–300 mg/l and pH between

7.43 and 7.14. Das et al. (2012) studied the control of

pharmaceutical effluent parameters through bioremedia-

tion. They collected the samples from nine different points

situated in the industry and observed the range of sulphates

44–1,527 mg/l, TDS 484–1,452 mg/l, total suspended sol-

ids 24–84 mg/l and COD 1,257.9–1,542.9 mg/l.

Madukasi et al. (2010) characterized the pharmaceutical

wastewater and observed the concentration in mg/l for total

suspended solids 425 ± 2.3, total dissolved solids

1,600 ± 1.1, total nitrogen 533.7, BOD 146.7 ± 0.3, Zn

0.056, iron 2.1, Mn 0.605, Cu 0.022, acetic acid 422.7,

propionic acid 201.3 and butyric acid 304.5. A suspended

growth photobioreactor employing the wild strain of purple

nonsulphur photosynthetic bacterium Rhodobacter sph-

aeroides was utilized to treat the wastewater. The strain

was found to be effective in ameliorating hazardous pol-

lutants found in wastewater with over 80 % COD reduc-

tion. The strain shows the potential to improve the

treatment process and may also be harvested and find use

as SCP after further investigation.

Table 2 Pharmaceutical (manufacturing and formulation) industry

Parameter

(effluent standards)

Standards

Limiting concentration

in mg/l, except for pH

Compulsory parameters

pH 6.0–8.5

Oil and grease 10

BOD (3 days at 27 �C) 100a

COD 250a

Total suspended solids (TSS) 100

Total dissolved solids (TDS)** –

Bioassay test 90 % survival after 96 h

in 100 % effluentb

Additional parameter*

Mercury 0.01

Arsenic 0.2

Chromium (hexavalent) 0.1

Lead 0.1

Cyanide 0.1

Phenolics 1.0

Sulphides 2.0

Phosphate 5.0

* Parameters listed as ‘‘Additional parameters’’ shall be prescribed

depending upon the process and product

** Limits for total dissolved solids in effluent shall be prescribed by

the concerned pollution control board/pollution control committee

depending upon the recipient water body
a The BOD and COD limits shall be 30 mg/l and 250 mg/l respec-

tively, if treated effluent is discharged directly into a fresh water body,

i.e. stream, canal, river or lake
b The Bioassay Test shall be conducted as per IS: 6582-1971
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Oktem et al. (2007) analysed the chemical synthesis-

based pharmaceutical wastewater before anaerobic treat-

ment and observed COD value 40,000–60,000 mg/l, total

kjeldahl nitrogen 800–900 mg/l, phosphate 3–6 mg/l, vola-

tile suspended solids 0.6–0.7 mg/l, alkalinity 900–1,000 mg/

l and pH value 7–8.

Pharmaceutical industries in and around Hyderabad,

India, produce a wide variety of products using both

organic and inorganic substances as raw materials, thereby

generating a large quantity of complex toxic organic liq-

uids waste containing high concentrations of inorganic

TDS, BOD and COD. Raj and Anjaneyulu (2005) analysed

pharmaceutical wastewater after chemical treatment and

obtained the mean value of the following parameters with

standard deviation (SD): pH 12.9 ± 0.28, EC 25,230 ±

158.1, total solids 20,030 ± 317.4 mg/l, TDS 16,190 ±

108.4 mg/l, TSS 3,720 ± 192.35 mg/l, COD 8,480 ±

414.73, BOD 4,800 ± 316.23 mg/l, phosphate nil mg/l,

nitrates 1,400 ± 306.2, alkalinity 1,100 ± 128.6 mg/l,

sulphates 4,900 ± 207.5 mg/l and chlorides 950 ± 64.1 mg/l.

Ileri et al. (2003) characterized the raw mixed phar-

maceutical industrial wastewater as BOD = 90–130 mg/l,

COD = 200–300 mg/l, suspended solids = 900 mg/l,

pH = 6.4–6.8, temperature = 20 �C, ammonia = 26 mg/

l, phosphate = 8.5 mg/l. Lapara et al. 2001 achieved

7,320 ± 160 mg/l COD value in PIWW prior to

treatment.

Rana et al. (2014a, b) also focused their study on the

assessment of the physicochemical parameters and heavy

metals in pharmaceutical industries’ wastewater in Pharma

City, Selaqui, Dehradun, Uttarakhand, India. In this study five

different sites were selected and every month sampling was

done for 12 months to assess the physicochemical pollutants

and heavy metals. It was observed that the average value for

phenolic compounds, BOD and COD were above the stan-

dard limits and for pH, sulphate, chloride, boron, nitrate and

fluoride below the standard limits provided by CPCB and

BIS, India. Further, the heavy metal assessments were found

to be within the permissible limits as promulgated by regu-

latory agencies. This study helped in designing the appro-

priate treatment plan using the microbial consortia for the

pharmaceutical industries’ wastewater containing organic

pollutants.

Treatment methods used in pharma industries

All pharmaceutical industries employ a wide array of

treatment methods for disposal of wastewater (Deegan

et al. 2011). Such methods include neutralization/pH

Table 3 Characterization of pharmaceutical industry wastewater (PIWW)

Parameters Reference

Gome and

Upadhyay

(2013)

(Choudhary and

Parmar 2013)

Wei et al.

(2012)

Lokhande

et al. (2011)

Saleem

(2007)

Idris et al. (2013) (Imran 2005)

pH 6.9 5.8–7.8 7.2–8.5 3.69–6.77 6.2–7.0 5.65 ± 0.65–6.89 ± 0.12 5.8–6.9

TSS (mg/l) 370 230–830 48–145 280–1,113 690–930 29.67 ± 4.22–123.03 ± 4.56 761–1,202

TDS (mg/l) 1,550 650–1,250 – 1,770–4,009 600–1,300 136.33 ± 5.83–193.05 ± 5.35 1,443–3,788

Total solids 1,920 880–2,040 – 2,135–4,934 – – –

BOD (mg/l) 120 20–620 480–1,000 995–1,097 1,300–1,800 – 263-330

COD (mg/l) 490 128–960 2,000–3,500 2,268–3,185 2,500–3,200 – 2,565-28,640

Biodegradability

(BOD/COD)

0.259 – 0.20–0.39 – – – –

Alkalinity (mg/l) – 130–564 – – 90–180 – –

Total nitrogen (mg/l) – – 80–164 – – – –

Ammonium nitrogen

(mg/l)

– – 74–116 – – – –

Total phosphate

(mg/l)

– – 18–47 – – – –

Turbidity (NTU) – – 76–138 – 2.2–3.0 17.22 ± 0.78–28.78 ± 1.18 –

Chloride (mg/l) – – – 205–261 – – –

Oil and grease (mg/l) – – – 0.5–2.9 – – 1,925–3,964

Phenol (mg/l) – – – – 95–125 – –

Conductivity

(lS/cm)

– – – – – 157 ± 115.84–1,673 ± 119.36 –

Temperature (oC) – – – – – 32 ± 2.23–46 ± 3.41 31–34
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adjustment, oxidation, sand filtration (Saleem 2007), ozone

use, Fenton’s method, coagulation/flocculation, electroco-

agulation (Dixit and Parmar 2013), photelectrocoagulation,

peroxi-electrocoagulation, peroxi-photelectrocoagulation,

sedimentation, membrane separation, UV irradiation,

adsorption, chlorination, distillation, solar photo-Fenton,

reverse osmosis, bacterial treatments (Madukasi et al.

2010), fungal treatment (Spina et al. 2012), algal treatment,

phytoremediation and methods using membrane bioreactor

(MBR) (Chang et al. 2008), anaerobic fixed film reactor

(AFFR) (Rao et al. 2004), aerobic sequencing batch reactor

(ASBR) (Patil et al. 2013), membrane-aerated biofilm

reactor (MABFR) (Wei et al. 2012) and activated sludge

(Mayabhate et al. 1988).

Vanerkar et al. (2013) studied the physicochemical

treatment of herbal PIWW. Treatment studies were carried

Table 4 Characterization of different metal contaminants in pharmaceutical industry wastewater (PIWW)

Parameters Reference

(Ramola and Singh

2013)

(Rohit and Ponmurugan

2013)

Rao et al.

(2004)

Mayabhate et al.

(1988)

Vanerkar et al.

(2013)

Sirtori et al.

(2009)

Iron (mg/l) 8.5–10.8 – – – – –

Chromium (mg/l) 0.12–0.31 0.01 – – 0.057–1.11 –

Lead (mg/l) 0.158–0.262 0.03 – – 0.559–6.53 –

Cadmium (mg/l) 0.16–0.56 – – 0.036–0.484 –

Nickel (mg/l) 0.05–0.12 0.02 – – 0.892–2.35 –

Zinc (mg/l) 1–1.3 0.20 – – 0.583–0.608 –

Dissolved organic carbon

(mg/l)

775

Copper (mg/l) – 0.02 – – 0.649–1.67 –

Selenium (mg/l) – – – 0.428–0.666 –

Arsenic (mg/l) – – – – 0.0049–0.0076 –

Manganese (mg/l) – – – – 6.41–8.47 –

Sodium (mg/l) – – – – 155–266 2,000

Potassium (mg/l) – – – – 128–140 –

Oil and grease (mg/l) – 10.27 – – 140–182 –

Calcium (mg/l) 20

BOD (mg/l) – 410 7,200 1,200–1,700 11,200–15,660 –

COD (mg/l) – 548 25,000 2,000–3,000 21,960–26,000 3,420

Dissolve phosphate (mg/

l)

– 6.80 – – – 10

Nitrogen (mg/l) – 185 – – 389–498 –

TDS (mg/l) – 622 20,000 – 2,564–3,660 –

TSS (mg/l) – 110 7,500 300–400 5,460–7,370 407

Total solids (mg/l) – – – – 8,024–11,030 –

Electrical conductivity

(lS/cm)

– 945 – – – –

pH – 6.01 7.5 6.5–7.0 3.9–4.0 –

Phosphate (mg/l) – – 100 – 260–280 10

Sulphide (mg/l) – – 100 – 42–54 –

Sulphate (mg/l) – – 360 – 82–88 160

Nalidixic acid (mg/l) – – – – – 45

Colour – White Orange – Dark yellow –

Chloride (mg/l) – – 200 – – 2,800

Alkalinity (mg/l) – – 2,500 50–100 – –

VFA (mg/l) – – 6,000 – –

Phenols (mg/l) – – – 65–72 – –

Volatile acids (mg/l) – – – 50–80 – –

Total acidity (mg/l) – – – – 3,000 –
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out using various conventional coagulants (lime, alum,

ferrous sulphate and ferric chloride) individually and in

combination with synthetic polyelectrolytes of three dif-

ferent charges (Magnafloc-E-207, Magnafloc-1011, Zetag-

7563, Zetag-7650 and Oxyfloc-FL-11). The focus of this

study was to evaluate the feasibility of primary physico-

chemical, secondary biological and advanced oxidation

treatments. Physicochemical treatment using alum as

coagulant in combination with cationic synthetic polyelec-

trolyte as primary viable process followed by secondary

single stage activated sludge process and finally Fenton’s

oxidation process can remove the non biodegradable

organics to the level promulgated by regulatory agency.

Gome and Upadhyay (2013) utilized ozone for treatment

of pharmaceutical wastewater, which required 32.73 mg/l

ozone under acidic condition, whereas under alkaline

conditions 30 mg/l ozone was needed. They reported that

ozonation can improve biodegradability of wastewater at

alkaline pH and higher treatment time favoured the

enhanced biodegradability of wastewater. Farhadi et al.

(2012) used electrocoagulation, photoelectrocoagulation,

peroxi-electrocoagulation and peroxi-photoelectrocoagula-

tion processes for the removal of COD from pharmaceu-

tical wastewater originating from Osvah Pharmaceutical

Company.

Tóth et al. (2011) used distillation and membrane fil-

tration process for treatment of PIWW, which contains

high chemical oxygen demand and adsorbable organically

bound halogens (AOX). The distillation was capable of

reducing volatile chemical oxygen demand (VOC-COD)

and AOX, while the membrane filtration process was

beneficial for the treatment of the bottom product of rec-

tification to concentrate the non-volatile pollutants, reduc-

ing the COD values close to the emission limits.

Mayabhate et al. (1988) studied and reported the phys-

icochemical and biological treatment of pharmaceutical

wastewater. For physicochemical study, they used ferrous

sulphate, ferric chloride and alum as coagulants and for

biological treatment activated sludge process was used in

an oxidation ditch.

Sirtori et al. (2009) reported that pharmaceutical

industrial wastewater contained nalidixic acid (an antibi-

otic pertaining to the quinolone group), which cannot be

easily biodegraded. The biodegradability of nalidixic acid

was achieved by the chemical oxidation process followed

by biological treatment. Chemical oxidation (photo-

Fenton) enhances the biodegradability, followed by bio-

logical treatment using immobilized biomass reactor (IBR).

The combined efficiency of treatment was over 95 %, of

which 33 % corresponded to the solar photochemical

process and 62 % to the biological process.

Kulik et al. (2008) studied the combined chemical

treatment of pharmaceutical effluents from medical

ointment production. They used a Fenton-like system in

combination with lime coagulation. In this study, all

effluent samples were subjected to pretreatment by

adsorption/flocculation/filtration process. Under the most

favourable treatment conditions, COD and BOD removal

of 87–96 and 79–95 % was achieved, respectively. The

application of combined Fenton-like treatment and lime

coagulation improved the quality of effluents, helped to

meet the requirements for wastewater discharge to sewage

and also increased the biodegradability of pharmaceutical

effluents.

Saleem (2007) studied the physicochemical treatment of

pharmaceutical wastewater. He selected coagulation, sed-

imentation, flocculation, sand filtration followed by acti-

vated carbon adsorption for this treatment study. He

concluded that coagulants (ferric chloride, alum and fer-

rous sulphate) were not very effective and required high

dosage for the removal of TSS, BOD, COD and turbidity.

Raj and Anjaneyulu (2005) evaluated the treatability of

a bulk drug pharmaceutical wastewater using a laboratory-

scale activated sludge reactor with acclimatized mixed

consortia. In the pretreatment process, they used lime as a

coagulant for the reduction of sulphates and TDS level.

This study evaluated the treatability (86.6 % reduction in

COD from 4,000 mg/l concentration) of bulk drug phar-

maceutical wastewater using activated sludge reactor with

acclimatized mixed consortia by integrating with chemical

coagulation as the pretreatment process. The reduction of

44–48 % of sulphate was achieved with lime as coagulant,

reducing the TDS level and increasing the efficiency for

better biological treatment.

Biological treatment (bioremediation/biodegradation)

of pharmaceutical wastewater

The conventional chemical treatment methods of pharma-

ceutical industrial wastewater effluents have not been

found successful in overcoming the complex pollution load

of industrial effluents and sometimes they also contribute

to another type of complex by-product, which is more

difficult to treat and further pollutes the soil or water

sources. Chemical/physicochemical purification methods

utilize costly chemicals and treatment units, which are

difficult to manage at the industrial unit level (Amin et al.

2013). It was reported that treatment of pharmaceutical

wastewater with inorganic coagulants (salts of Fe and Al)

in a pharmaceutical plant was less effective (Mayabhate

et al. 1988). The chlorinated phenols are more toxic than

the unsubstituted phenols. The toxicity of phenol increases

with the degree of chlorination and with the chlorophenol

lipophilicity (Krug et al. 1985; Lee et al. 1994). Many of

the artificially made complex compounds, i.e., xenobiotics

6 Appl Water Sci (2017) 7:1–12
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persist in the environment and do not undergo biological

transformation.

Biological methods involve the use of microbes and

plants for the treatment of wastewater. Microbes degrade or

convert the waste into some other form. In both the cases,

whether it is a degraded or converted product, it is very

important to confirm that the end product is not more toxic

and problematic than the initial compound. Biodegradation

of the product depends on a number of factors, such as: (1)

stereochemistry of the compound, (2) toxicity of the

compound, (3) concentration of the compound, (4) effi-

ciency of the microbial strain, (5) conditions during deg-

radation, (6) retention time and (7) presence of other

compounds and their concentration. Microorganisms play a

vital role in the degradation of xenobiotics and in main-

taining the steady-state concentration of chemicals in the

environment (Misal et al. 2011). Microbial transformations

result in residues that are more stable than the parent

compound and are less toxic.

With the help of the biodegradation process, Raj and

Anjaneyulu (2005) achieved maximum reduction of COD

(86.6 %) in pharmaceutical industrial wastewater. Das

et al. (2012) reported the remarkable reduction of COD,

TSS, TDS and sulphate in pharmaceutical effluent by the

bioremediation process. Further, a microbial consortia

involving fungal and bacterial cultures for treatment was

found effective in removing toxicity from pharmaceutical

wastewater (Rosen et al. 1998).

Biological treatment of pharmaceutical industrial

wastewater can be achieved by aerobic and anaerobic

treatment (Deegan et al. 2011). Various high-rate reactors

have been designed for the biological treatment at full-

scale operation. Wei et al. (2012) utilized the membrane-

aerated biofilm reactor (MABR) process for treatment of

pharmaceutical wastewater and achieved a COD removal

efficiency of 90 % and ammonium nitrogen removal effi-

ciency of 98 %.

Sirtori et al. (2009) used the combined treatment process

(solar photo-Fenton ? immobilized biomass reactor) for

the treatment of PIWW and achieved 95 % DOC reduction.

In this treatment, 33 % reduction was carried out by solar

photo-Fenton and 62 % reduction was carried out by the

immobilized biomass reactor. This study supports the

enhanced treatment efficiency with the biological process.

Mayabhate et al. 1988 have adopted biological process

for treatment of PIWW. They compared the treatment

efficiency of the physicochemical and biological processes.

It was found that the physicochemical process using dif-

ferent coagulants (ferrous sulphate, ferric chloride and

alum) were not effective and required high amount of doses

for COD reduction, whereas by utilizing a biological pro-

cess they achieved 86–91 % reduction in the COD level

and 50 % reduction in the phenol level. Further, works

carried out on different components of bioremediation are

discussed below.

Anaerobic treatment

Anaerobic technology was used earlier for treating waste-

waters of different industries such as paper and pulp, dis-

tilleries, tanneries, textile and food processing, ranging

from high-strength waste to low-strength waste. Various

reactor configurations such as anaerobic contact reactor

(ACR), upflow anaerobic sludge blanket reactor (UASB),

fluidized bed reactor (FBR) and anaerobic fixed film

reactor (AFFR) have been developed to treat wastewaters

from different industries. Each of these configurations have

a variety of operational constraints, even though they are

being applied extensively (Rao et al. 2004).

In anaerobic treatment, the high organic content in

industrial wastewater decomposes into methane and CO2

with the help of microorganisms. Anaerobic treatment of

industrial wastewater shows interesting advantages such as

production of very little sludge, requirement of less amount

of energy, operation at high organic loading rate, need of

low nutrient amount and production of biogas which can be

utilized for energy production in this treatment process

(Nandy et al. 2002). Inoculum source and feed pretreat-

ment are the main steps, which can affect the treatment

efficiency. However, due to the presence of low pH and

slow growth rate, longer hydraulic retention time (HRT)

results. To solve this problem a high-rate configuration was

developed to treat industrial wastewater at relatively

shorter HRT (Patel and Madamwar 2000). Enright et al.

(2005) studied the anaerobic biological treatment of phar-

maceutical wastewater and achieved 60–70 % COD

removal efficiency.

Upflow anaerobic sludge blanket (UASB) reactors

Upflow anaerobic sludge blanket (UASB) reactors have

been widely used for the treatment of industrial wastewater

(Tóth et al. 2011). This reactor has been successfully

applied for high-rate anaerobic wastewater treatment. The

success of UASB depends on the formation of active and

able granules (Fang et al. 1994). These granules consist of

self-immobilized, compact form of aggregate of organisms

and lead to an effective retention of organisms in the

reactor (Akunna and Clark 2000). The advantages of

UASB reactor are independence from mechanical mixing,

recycling of sludge biomass and ability to cope up with

perturbances caused by the high loading rate. UASB

reactor is effective in the treatment of industrial wastewater

in psychrophile conditions. Some researchers have utilized a

hybrid UASB reactor for the treatment of chemical synthe-

sis-based pharmaceutical wastewater (Oktem et al. 2007).
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In 2009, hybrid UASB reactor was reported to treat bulk

drug industrial wastewater utilizing thermophilic strain

(Sreekanth et al. (2009). Tóth et al (2011) studied the per-

formance of a laboratory-scale upflow anaerobic sludge

blanket (UASB) reactor for treatment of a chemical syn-

thesis-based pharmaceutical wastewater, under different

operating conditions. The key feature of the UASB process

that allows the use of high volumetric COD loadings as

compared to other anaerobic processes is the development

of a dense granulated sludge, characterized by the waste-

water characterstics.

Anaerobic fixed film reactor (AFFR)

The anaerobic fixed film reactor has a biofilm support

structure for biomass attachment. This reactor has advan-

tages like simplicity of construction, elimination of

mechanical mixing, better stability and capability to with-

stand toxic shock load. This type of reactor can recover

very quickly after a period of starvation (Rajeshwari et al.

2000). In this reactor, glass bead, red drain clay, polyure-

thane foam, waste tyre rubber (Borja et al. 1996), splin-

tered glass (Perez et al. 1997), polyacryl nitrile acryl

amide, corrugated plastic (Garcia et al. 1995), coconut coir,

charcoal and nylon fibre can be used as packing material in

the treatment of industrial wastewater as a support media,

which enhances the reactor performance (Acharya et al.

2008). This system ensures effective contact with anaero-

bic biomass in suspended form with organic load to

achieve high organic load removal. Rao et al. (2004)

studied the treatment of wastewater with high suspended

solids from a bulk drug industry using anaerobic fixed film

reactor (AFFR) and concluded that the AFFR could be

used efficiently for the treatment of bulk drug industries’

wastewater having high COD (60–70 % removal), TDS,

TSS and BOD (80–90 % removal).

Aerobic treatment

In aerobic methods, generally aerobic sequencing batch

reactor (ASBR) and activated sludge process have been

used for the treatment of industrial wastewater. This pro-

cess consists of a primary settling tank, an intermediate

retention trough, two storage tanks and an aerobic tank.

Some researcher have reported the aerobic biological

treatment of pharmaceutical wastewater (Lapara et al.

(2001). Khan and Mostafa (2011) studied the aerobic

treatment of pharmaceutical wastewater in a biological

reactor. A laboratory-scale batch type of integrated aerobic

biological treatment plant was constructed and operated for

pharmaceutical wastewater treatment and its performance

was evaluated. A cylindrical open tank was used as a

reactor and air was passed through the bottom of the tank.

In this study, the maximum hydraulic retention time (HRT)

was 15 days. They collected the treated water samples

every day and tested it for the following parameters: COD,

TSS, pH, conductivity and TDS to evaluate the efficiency

of the plant. About 75 % removal of COD was achieved

employing HRT of 15 days. The analyses of the treated

wastewater reveal that the parameters pH, BOD, COD,

TSS, TDS and colour were found within the prescribed

permissible limits, indicating the efficiency of the plant.

They concluded that air injection accelerates the biological

treatment process, with the greatest influence on COD

removal from the wastewater. This treatment plant has high

potential for COD and TSS removal and can be considered

as a potential treatment technology for industrial waste-

water treatment. To sum up, such a plant is environment

friendly, minimize the use of chemicals, cost-effective and

easy tooperate for industrial effluent treatment.

Ileri et al. (2003) treated the mixed pharmaceutical

industrial wastewater using sequencing batch reactor (SBR)

and obtained significant removal in BOD (approximately

85 %), COD (approximately 87 %), suspended solids

(approximately 98 %), ammonia (approximately 96 %) and

phosphate (approximately 5 %). Vanerkar et al. (2013) used

activated sludge system for treatment of wastewater of her-

bal pharmaceutical industry and achieved 68.98–91.02 %

reduction in COD, 76.90–97.26 % reduction in BOD and

74.61–95.54 % reduction in suspended solids.

Elmolla et al. (2012) studied the optimization of SBR

operating conditions for treatment of high-strength mixed

pharmaceutical wastewater and achieved 94 % BOD

removal and 83 % COD removal at 24 h HRT. Adishku-

mar et al. (2012) studied the coupled solar photo-Fenton

process with aerobic sequencing batch reactor for treatment

of pharmaceutical wastewater and achieved COD removal

of 98 %. Ng et al. (1989) reported the biological treatment

of pharmaceutical wastewater and achieved remarkable

reduction in COD and BOD levels by using the sequencing

batch reactor (SBR) concept.

Altaf and Ali (2010) carried out studies on pharmaceu-

tical wastewater treatment using sequential batchreactor

(SBR) and developed a biological method for the analysis

of relative toxicity operating with dissolved oxygen 2.0

mg/l, at different pH (6.62, 6.69, 6.79 and 6.9) for 7, 14 and

21 days treatment. They observed a significant decrease in

BOD, COD, oil and grease, TDS, TSS and ammonia levels,

which meet the National Environmental Quality Standards

(NEQS).

Fungal treatment

There are a number of fungal strains which play an

important role in the treatment of industrial wastewater, but

have limitations due to the presence of long growth cycle
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and spore formation. Spina et al. (2012) compared the

fungal treatment with the activated sludge for treatment of

pharmaceutical industrial wastewater. For this study, they

used a fungal strain, Bjerkandera adusta MUT 2295,

through which they achieved 91 % COD reduction as

compared to activated sludge, which reduced 78 % COD.

Some fungal strains such as Aspergillus niger, Asperg-

illus fumigatus and Aspergillus niveus show COD

reduction of diluted industrial effluents at different con-

centrations. A group of fungi known as Ascomycetes also

play an important role in the treatment of industrial

wastewater, e.g. Penicillium decumbens and Penicillium

lignorum have shown significant reduction in COD, phenol

and colour (Mohammad et al. 2006; Angayarkanni et al.

2003).

Bacterial treatment

Bacterial culture for bioremediation of industrial waste-

water has also been used and demonstrated. Some bacterial

strains like Pseudomonas, Enterobactor, Streptomonas,

Aeromonas, Acinetobactor and Klebsiella show up to 44 %

COD reduction (Ghosh et al. 2004). Chaturvedi et al.

(2006) isolated 15 rhizosphere bacteria, which show 76 %

colour reduction and 85–86 % BOD and COD reduction

within 30 days. Use of cells of E.coli and methanogenic

consortium has been reported for the removal of toxic

pollutants. Substituted phenols/pentachlorophenols are

even more dangerous, toxic and cause cancer and muta-

tions. The bacterial community is required to provide all

metabolic capabilities for complete mineralization of such

toxic organic compounds, which is essential for degrada-

tion of organic pollutants (Tewari and Malviya 2002).

Numerous bacteria are known to degrade phenolic and

complex organic compounds mainly from the genera

Arthrobacter, Comamonas, Rhodococcus and Ralstonia.

Some Clostridium species (fermenting bacteria) are able to

degrade resorcinol (Kavitha and Beebi 2003). Soil bacteria,

especially Pseudomonas predominantly in rhizospheric

soil, have a special phenolic biodegradation potential.

Duffner et al. (2000) proposed phenol/cresol degradation

by the thermophilic Bacillus thermoglucosidasius A7,

which degrades phenol at 65 �C via the meta-cleavage

pathway.

Kumar et al. (2005) reported the biodegradation kinetics

of phenol and catechol using Pseudomonas putida MTCC

1194. The well-acclimatized culture of P. putida degraded

the initial phenol concentration of 100 mg/l and initial

catechol concentration of 500 mg/l completely in 162 and

94 h, respectively. The capability to degrade phenol and

chlorophenols has also been reported for bacteria P.Fluo-

rescence (Agarry and Solomon 2008).

Das et al. (2012) studied the control of pharmaceutical

effluent parameters through bioremediation. They collected

samples from nine different points situated in the industry

and treated the effluent by using bacterial consortia and

achieved reduction in the level of sulphates from

44–1,527 mg/l to 6–65.8 mg/l, TDS from 484–1,452 mg/l

to 68–540 mg/l, total suspended solids from 24–84 mg/l to

12–56 mg/l and COD from 1,257.9–1,542.9 mg/l to

113.2–377.6 mg/l. Madukasi et al. (2010) used phototropic

bacteria named as Rhodobactor spheroids for treatment of

pharmaceutical wastewater and achieved 80 % COD

removal. Previously, some investigators also achieved a

significant COD removal (62 % at 30 �C and 38 % at

60 �C) in PIWW by using mixed bacterial culture (Lapara

et al. 2001).

Phytoremediation

Phytoremediation of wastewater is an emerging low-cost

technique for removal of hazardous metal ions from

industrial wastewater and is still in an experimental stage.

Heavy metals such as cadmium and lead are not easily

absorbed by microorganisms. In such case, phytoremedia-

tion proves a better treatment tool for bio-treatment

because natural plants or transgenic plants are able to bio-

accumulate these toxins (Amin et al. 2013). Aquatic plants

have excellent capacity to reduce the level of toxic metals,

BOD and total solids from the wastewater. Billore et al.

(2001) carried out the treatment of industrial effluent with

the help of plants Typha latipholia and Phragmitis karka.

This treatment eventually led to COD, BOD, total solids

and phosphorus content reduction. Some researchers also

reported the phytoremediation of phenol from industrial

wastewater by peroxidases of tomato hairy root cultures

(González et al. 2006).

Membrane bioreactor (MBR)

The MBR has been used for the large-scale wastewater

treatment of industrial wastewater, domestic wastewater and

municipal wastewater (Yang et al. 2006). This is used for the

biological degradation of wastewater compounds and the

physical separation of biomass and treated water by porous

membrane filtration. The MBR has several advantages such

as complete removal of suspended solids, compact plant size,

high rate of degradation, flexibility in operation, low rate of

sludge production, disinfection and odour control, prolonged

microorganisms retention time and treatment of recalcitrant

and toxic organic and inorganic pollutants.

Chang et al. (2008) achieved pharmaceutical wastewater

treatment by the membrane bioreactor and observed COD

and BOD removal of 95 and 99 %, respectively. Some
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investigator used Zee Weed MBR technology for the

treatment of pharmaceutical wastewater (Noble 2006).

Conclusion

The pharmaceutical industry is one of the most important

for modern civilization. The life of millions of humans and

animals depends on the life-saving medicines manufac-

tured by these industries. Apart from this, pollutants are

also generated during the manufacturing process of medi-

cines. Therefore, an increasing number of pharmaceutical

industries lead to hazardous impact on water quality and

thus affect the surrounding environment and human health.

Thus, the pharmaceutical industry has become one of the

major causes of concern. The day by day increased level of

water pollution highlights the need for time to time

assessment/characterization of pharmaceutical industrial

wastewater. Due to the rapid decrease in the level of water

resources and increasing demand of water for consumption

in our daily life, it is necessary to reuse the wastewater by

developing a sustainable treatment process to clean up

contaminated wastewater economically and safely, which

could be easily adopted by the common masses.

The pollutants generated during the manufacturing

process are easier to handle, as an industry is a point

source of pollution and it is possible to install pollutant-

specific treatment facilities. Various treatment methods

for pharmaceuticals in water and wastewater found in

literature have contributed greatly regarding the fate of

these recalcitrant organic compounds in different treat-

ment systems. The behaviour of these compounds in these

systems would allow further characterization of the fate

and risk associated with pharmaceuticals in the environ-

ment, yet this description trend is hindered by the wide

variation in removal efficiencies across treatment pro-

cesses and even among separate studies for the same

individual compound.

There are a number of promising new treatments

including advanced oxidation processes such as oxidation,

ozonation, perozonation, direct photolysis, TiO2 photoca-

talysis, solar photocatalysis, Fenton reaction and ultrasonic

irradiation. These significantly enhance the removal rate and

biodegradability of pharmaceuticals from wastewater. More

inputs are required in this area to improve treatment effi-

ciencies, identify the degradation compounds and determine

the cost and feasibility of full-scale operations. Most of these

physicochemical processes removed the majority of the

colloidal organic substances and suspended materials;

however, refractory compounds still remained in the water

effluent. Employing biological processes, these recalcitrant

organic compounds undergo mineralization and meet the

requirements for the wastewater discharge to sewage. Such

combined processes will be efficient and present potential

application in the industrial scale.

Biological treatments methods have traditionally been

used for the management of pharmaceutical wastewaters.

They are subdivided into aerobic and anaerobic processes

which include the use of activated sludge, membrane batch

reactor, sequence batch reactor, anaerobic sludge reactors,

anaerobic film reactors and anaerobic filters. The waste-

water characteristics play a key role in the selection of

biological treatments. However, hydraulic retention time

(HRT), temperature, pH, dissolved oxygen (DO), organic

load, microbial community, presence of toxic and recalci-

trant substances and the batch operation of the pharma-

ceutical production are the few variables that require

modifications for adaptation to pharmaceutical wastewater

to enhance the efficiency of the biodegradability and

mineralization capability of biological processes.

Thus, bioremediation processes are technological tools

that hold great promise for the future. They produce almost

no waste by-product, have the potential of being cheaper

and in combination with the different physicochemical and

advanced oxidation processes, offer a better treatment of

pharmaceutical industrial wastewater and thus help in uti-

lizing the available water resource in a sustainable manner.

It is likely to become one of the best technologies used to

clean up and protect our environment.
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