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Sources of Pharmaceutical waste 
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Waste

Sources

Passed recommended 

shelf-life

Discarded due to

contaminated packaging
No longer required by the public

Waste generated during the 

manufacture 



The industry is characterized by:

o a diversity of products.

o a diversity of Processes.

o plant sizes.

o wastewater quantity.

o wastewater quality. 

The pharmaceutical industry represents a range of industries with

operations and processes as diverse as its products
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pharmaceutical effluent

 Hence, it is almost impossible to describe a “typical” pharmaceutical effluent

because of such diversity. The growth of pharmaceutical plants was greatly

accelerated during World War II by the enormous demands of the armed forces

for life-saving products.

 Industrialization in the last few decades has given rise to the discharge of liquid, 

solid , and gaseous emissions into natural systems and consequent degradation 

of the environment 
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The Most detected compounds

 The most frequently detected compounds were

basically of pharmaceutical origin, that is, coprostanol

(fecal steroid), cholesterol (plant and animal steroids),

N,N-diethyltoluamide (insect repellant), caffeine

(stimulant),and triclosan (antimicrobial disinfectant), and

so on.
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Categorization of the pharmaceutical industry 
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Subdivided of pharmaceutical industries:

 1. Fermentation plants.

 2. Synthesized organic chemicals plants.

 3. Fermentation/synthesized organic chemicals plants (moderate to large plants) .

 4. Biological production plants (production of vaccines-antitoxins). 

 5. Drug mixing, formulation, and preparation plants (tablets, capsules, solutions, etc.).

Most plants are actually combinations of :

 fermentation processes.

 organic synthesis processes.
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 Pharmaceutical waste is one of the major complex and toxic industrial wastes.

 various processes and a wide variety of raw materials to produce an array of final products.

 As a result, a number of waste streams with different characteristics and volume are generated

 According the seasonal use of many products, production within a given pharmaceutical plant

often varies throughout the year, which changes the characteristics of wastewater by season.

 Hence, it is difficult to generalize the characteristics of the effluent discharged from these

industries.

Process description and waste characteristics 
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Fermentation Plants

Various types of waste streams were generated from this plant depending upon the manufacturing process
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The Ratio between BOD & COD 

 The BOD to COD ratio of alkaline, condensate and combined wastewater

was around 0.5–0.6, while for the acidic waste alone it was around 0.4,

indicating that all these wastewaters are biologically treatable.

 The combined wastewater had average:

 TOC      2109 mg/L

 COD     4377 mg/L

 BOD      2221 mg/L 
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 Most of the solids present were in a dissolved form, with practically no suspended

solids. The wastewater contained sufficient nitrogen, but was lacking in

phosphorus, which is an essential nutrient for biological treatment.
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Fermentation/Synthetic Organic Chemical Plants
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Biological Production Plants

 These plants are mainly involved in the production of antitoxins, antisera, vaccines, serums,

toxoids, and antigens. The production of antitoxins, antisera, and vaccines generates

wastewaters containing animal manure, animal organs, baby fluid, blood, fats, egg fluid

and egg shells, spent grains, biological culture, media, feathers, solvents, antiseptic agents,

herbicidal components, sanitary loads, and equipment and floor washings.

 The various types of waste generated mainly include: 

• waste from test animals.

• pathogenic-infectious waste from laboratory research on animal disease. 

• toxic chemical wastes from laboratory research on bacteriological, botanical, and zoological.

• waste from antisera/antitoxins production.

• sanitary wastes. 
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Parameters of Significance for the Pharmaceutical Industry 

Wastewater
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Waste recovery and control

 Production processes used in the pharmaceutical/fine chemical, cosmetic,

textile, rubber , and other industries result in wastewaters containing
significant levels of aliphatic solvents.

 organic solvents contribute 66% of the waste.

 aliphatic solvents contribute a significant proportion of the BOD/COD
content of pharmaceutical effluents.

 Organic solvents are flammable, malodorous, and potentially toxic to

aquatic organisms and thus require complete elimination by wastewater

treatment systems.

 Recovery of various useful byproducts such as solvents, acids , sodium

sulfate, etc. comprise a very important waste control strategy for
pharmaceutical plants
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 Solvents ….. if not removed/recovered, will destroy the performance efficiency of 

biological treatment.

 The mycelium, which poses several operational problems during treatment, can be 

recovered for use as animal feed supplements. Separate, filtration, drying, and 

recovery of mycelium has been recommended as the best method for its use as 

animal feed or supplements.
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benefits of solvents recovery / removal 

 Reduce the cost of biological treatment.

 gives economic returns in recovery of valuable byproducts.

 Increase performance efficiency of biological treatment.

 reduce flow into pharmaceutical effluents.
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triple-effect evaporation system

 Large-scale recovery of antibiotic spent beers by triple-effect evaporators was

carried out at Upjohn Co., Kalamazoo, Michigan, in the 1950s.

 Biochemical oxygen demand reduction with the triple-effect evaporation system

was reported to be 96 to 98% for four different types of antibiotic spent beers.

 Five-day biological oxygen demand) load potential of 20,000 lb./day or greater.

In the process, the spent beers were concentrated by multiple effect evaporators

to 30% solids and the resulting syrup sold as a poultry feed additive. Any excess

was incinerated in the main plant boilers. Abbott Labs reported that an average

overall BOD reduction efficiency of the system up to 96% or more could be

achieved. From 1972 to 1973, Abbott Labs in North Chicago, IL, recovered beers

with a BOD5
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Recovery of other valuable products

 Recovery of valuable products from penicillin, riboflavin, streptomycin, and

vitamin B fermentation has been recommended as a viable waste control

strategy when incorporated into animal feeds or supplements. Penicillin

wastes, when recovered for animal feed, are reported to contain valuable

growth factors, mycelium, and likewise evaporated spray-dried soluble

matter .
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Recovery of sodium sulfate

 The recovery and subsequent sale of sodium sulfate not only gave an

economic return, but also reduced the influent sulfate concentration that

may otherwise cause sulfide toxicity in anaerobic treatment of the

pharmaceutical effluents.
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ammonia recovery

 Scavenging and recovery of high-level ammonia waste streams is

recommended as a viable option of ammonia recovery for waste streams

containing high concentrations of ammonia nitrogen.
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Recovery of alcohol

 The recovery of alcohol by distillation, concentration of organics, and use of waste

activated sludge as a soil conditioner and fertilizer has also been reported .
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Treatment processes

The treatment processes can be divided into the following three categories and

subcategories:

 1. physicochemical treatment process;

 2. biological treatment process,

(i) aerobic treatment,

(ii) anaerobic treatment,

(iii) two-stage biological treatment,

(iv) combined treatment with other waste;

 3. integrated treatment and disposal facility for a particular plant wastewater.
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Physicochemical Treatment

Physicochemical treatment of pharmaceutical wastewater includes: 

1. screening.

2. Equalization

3. neutralization/pH adjustment.

4. coagulation/flocculation.

5. sedimentation .

6. Adsorption.

7. ozone and hydrogen peroxide treatment.
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screening.
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Extensive Holding and Equalization of Waste

 Use of an equalization basin has been reported effectively to
control shock loading on further treatment units treating the

pharmaceutical waste .

 The retention time and capacity of the holding tank in such cases is

designed based on the degree of variability in composition and
magnitude of the wastewater.
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Neutralization/pH Adjustment

 Wastewater generated from the pharmaceutical industry varies greatly in pH,

ranging from acidic to alkaline.

 Almost all types of w or acidic waste streams produced from the pharmaceutical
industry are either alkaline or acidic, and require neutralization before biological

treatment.

 Thus, neutralization/pH adjustment of the waste prior to the biological system is a

very important treatment unit for the biological treatment of pharmaceutical

wastewater.

 The pH of the wastewater in this unit is adjusted by adding alkali or acid

depending upon the requirement of the raw wastewater.
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Coagulation and flocculation

 Coagulation and flocculation of the wastewater are carried out for the removal of

suspended and colloidal impurities.

 The application of such treatment units greatly depends upon the suspended and

colloidal impurities present in the raw wastewater. Coagulation and flocculation of

pharmaceutical wastewater have been reported to be less effective at a

pharmaceutical plant in Bombay that produces allopathic medicines .

 The effects of various coagulants such as FeSO4, FeCl3 and alum on suspended

solids and COD removal efficiency were evaluated , it was concluded that

physicochemical treatment of effluent from this type of plant prior to biological

treatment is neither effective nor economical.
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Air stripping

 Air stripping of pharmaceutical wastewater is a

partial treatment used in particular for the

removal of volatile organics from wastewater.

M/S Hindustan Dorr Oliver, Bombay.

 COD removal efficiency up to 30–45% can be

achieved by air stripping.

 It was found that adding caustic soda did not

appreciably increase the air stripping efficiency.
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Ozone/Hydrogen Peroxide Treatment

 Pharmaceutical wastewater contains various kinds of recalcitrant organics

such as toluene, phenols, nitrophenols , nitroaniline , trichloromethyl

propanol (TCMP), and other pollutants that exhibit resistance against

biodegradation.

 Since these pollutants cannot be easily removed by biological treatment,

biologically treated effluent exhibits a considerable oxygen demand, that is,

BOD and COD, in the effluent.

 It has also been reported that activated carbon adsorption may not always
be successful in removing such recalcitrant organics .

 ozone/hydrogen peroxide treatment may appear to be a proven

technology for treating such pollutants from pharmaceutical wastewater.

 It has been concluded that biological pretreatment of pharmaceutical
wastewater before ozonation/hydrogen peroxide treatment should be

utilized in order to increase the level of treatment.
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Biological Treatment

 aerobic treatment systems :

1. activated sludge process.

2. extended aeration activated sludge process.

3. activated sludge process with granular activated carbon.

4. trickling filters and

5. rotating biological contactors.

 anaerobic treatment systems :

1. membrane reactors.

2. continuously stirred tank reactors (anaerobic digestion).

3. Up flow filters (anaerobic filters).

4. fluidized bed reactors.

5. Upflow anaerobic sludge blanket reactors.

6. Anaerobic hybrid reactors. 
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Activated Sludge Process
 The activated sludge process has been found to be the most efficient treatment for

various categories of pharmaceutical wastewater .

 It has also been reported that this process can be successfully employed for the removal

of tert-butanol, a common solvent in pharmaceutical wastewater that cannot be

degraded by anaerobic treatment.

 The American Cyanamid Company operated an activated sludge treatment plant to

treat wastewater generated from the manufacture of a large variety of chemicals .

 The activated sludge process has also been successfully employed for the treatment of

wastewater in the chemical and pharmaceutical industry and concluded that at an

MLSS (mixed liquor suspended solids) concentration of 1800–2200 mg/L and aeration

period of 24 hours, a COD removal efficiency of 50–83% can be achieved.
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Alexandria Company for Pharmaceutical Case Study 

 The performance of the activated sludge process has been evaluated for the treatment of

ACPCI (Alexandria Company for Pharmaceutical and Chemical Industry) effluent.

 These drug formulation and preparation-type plants are mainly involved in the production

of a wide variety of pharmaceuticals, including analgesics, anthelmintics,

antibiotics,cardiacs, chemotherapeutics, urologics, and vitamins.

 A study indicated that significant dispersed biosolids were found in the treated effluent when

applying aeration for 6 hours. However, extending the aeration to 9–12 hours and maintaining the

MLSS at levels higher than 2500 mg/L improved sludge settling and produced effluent with low SS.

 The study concluded that the activated sludge process is capable of producing effluent with BOD

and SS values within the limits of the Egyptian standards. However, sand filtration was needed for

polishing the treated effluent .
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Powdered Activated Carbon Activated Sludge Process

 The treatment systems, ASP, PAC-ASP, and GAC, were all quite efficient in

removing phenol.

 the performance of the PAC-fed ASP was found to be most efficient In

terms of color removal, PAC, GAC, and the resin process were more

efficient than ASP.

 whereas in terms of arsenic removal, GAC and resin column were found

most efficient.

 Generally , it may be concluded that the addition of PAC in the ASP

produced a better effluent than the ASP.

 Addition of PAC to the activated sludge process increases the soluble

chemical oxygen demand (SCOD) removal from the pharmaceutical

wastewater but no measurable effect in terms of soluble-carbonaceous

biochemical oxygen demand (S-CBOD) was observed
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Extended  aeration

 The performance of the ASP has been found to be more efficient when

operating on an extended aeration basis.

 The design parameters of the process were evaluated for the

treatment of combined wastewater from a pharmaceutical and

chemical company in North Cairo that produced drugs, diuretics,

laboratory chemicals, and so on .

 The study revealed that at an extended aeration period of 20 hours, COD

and BOD removal efficiency ranges of 89–95% and 88–98%, respectively,

can be achieved. The COD and BOD values of the treated effluent were

found to be 74 mg/L and 43 mg/L, respectively.
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aerated lagoons

 The performance studies of aerated lagoons carried out by many

researchers have demonstrated that lagoons are capable of

successfully treating wastewater containing diversified fine chemicals and

pharmaceutical intermediates.

 According studies The BOD removal rate K of the system was found to be

0.18/day and 0.155/day based on the soluble and total BOD respectively.

3/26/2017Chemist/Ahmed Hasham 

55



3/26/2017Chemist/Ahmed Hasham 

56



biological  filter  (trickling  filter)

 The efficiency of the biological filter (trickling filter) for treatment of

combined wastewater from a pharmaceutical and chemical company

in North Cairo has been evaluated. The treatment system consisted of

a biological filter followed by sedimentation.

 The degree of treatment was found quite variable. The COD and

BOD removal efficiency of the trickling filter at an average OLR (organic

loading rate) of 26.8 g BOD/m2 day were found to be 43–88% and 58–87%,

respectively.

 The study revealed that a biological filter alone was unable to

produce effluents to a level complying with the national standards

regulating wastewater disposal into the surface water
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The two-stage biological system

 The two-stage biological system generally provides a better quality of

effluent than the single-stage biological system for the treatment of

pharmaceutical wastewater.

 BOD and COD removal of 96% and 88%, respectively, may be

achieved by employing a two-stage biological system .

 It has also been found that a two stage biological system generally

provides a high degree of treatment. However, bulking sludge causes

severe operational problems in the extended aeration system and

sand filter.
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 Anaerobic treatment of high-strength wastewater containing high sulfate
poses several unique problems.

 The conversion of sulfate to sulfide inhibits methanogenesis in

anaerobic treatment processes and thus reduces the overall performance

efficiency of the system.

 Treatment of high sulfate pharmaceutical wastewater via an

anaerobic baffled reactor coupled with biological sulfide oxidation is used

in this case .
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Treatment of Synthetic Organic Bulk Pharmaceutical Waste 

 A manufactures  synthetic  organic  bulk pharmaceuticals,  including  :

 dry  vitamin  powders,  sulfa  drugs,  vitamin  C,  riboflavin, aromatics,  and  sodium  sulfate  salts. 

 An  integrated  sodium  sulfate  recovery  system  was employed in this plant to 

recover sodium sulfate. 

 The plant’s waste control and treatment system includes:

1. Screening.            

2. Preclarifier

3. equalization with aeration (1 day d.t).

4. pH  adjustment/  neutralization.

5. flocculator-clarifier.

6. activated  sludge  process.
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7. secondary settler.

8. two oxidation ponds in series.

9. sludge thickening.

10. aerobic sludge digestion.

11. sludge drying  beds  

12. final  chlorination. 
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