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Abstract 

  

Pharmaceutical waste water contain a variety of organic and inorganic constituents including spent solvents, catalysts, 

additives, reactants and small amounts of intermediates and products, and may therefore be high in chemical oxygen 

demand. The present study has been conducted to evaluate the efficiency of UASB reactor for the treatment of 

pharmaceutical waste water in terms of COD reduction under different feed concentration/ organic loading rate (OLR) 

and hydraulic retention time (HRT). Performance of a lab-scale up-flow anaerobic sludge blanket (UASB) reactor, 

treating pharmaceutical wastewater, was evaluated under different operating conditions. Reactor was run in batch mode. 

After 10 weeks about 80% reduction in COD was observed. This shows that the reactor was properly acclimatized. The 

reactor was operated in 3 phases with different OLR and HRT. The  UASB  reactor  was  fed   with   different   

concentration of pharmaceutical effluent  i.e.  10% of waste water at HRT  of   24  hours  and   20 hours and 50% of 

waste water at HRT of  20 hours. This study shows  COD  reduction   of   97 % , 91 % and   89 % in  phase I, II and III 

respectively. Other parameters were also reduced in all three phases.  This regular reduction reveals the proper working 

of the UASB reactor. 
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1. Introduction 

 
1
 Approximately half of the pharmaceutical waste waters 

produced worldwide are discarded without specific 

treatment (Lang, 2006 ;Enick and Moore, 2007). An 

anaerobic process is applied to remove high concentrations 

of organic matter and decompose refractory substances.(Li 

et al, 2003; Minke and Rott 1999).  Pharmaceutical 

wastewater contain a variety of organic and inorganic 

constituents including spent solvents, catalysts, additives, 

reactants and small amounts of intermediates and 

products, and may therefore be high in chemical oxygen 

demand. (Fent et al, 2006; Oktem et al, 2007).The high 

COD concentration in such pharmaceutical wastewaters 

makes them potential candidates for anaerobic technology 

(Enright et al, 2005 ;Chelliapan et al, 2006).  

 Anaerobic processes have become a viable option for 

the treatment of medium-high strength industrial 

wastewaters. The most important merits of anaerobic 

treatment are the ability to treat high strength wastes, low 

energy input, low sludge yield, low nutrient requirement, 

low operating cost, low space requirement and net benefit 

of energy generation in the form of biogas (Acharya et al, 

2008 ; Mahmoud, 2008).  Upflow anaerobic sludge 

blanket (UASB) reactor is a popular anaerobic reactor for 

both high and low temperature and among the recently 

developed high-rate processes.(Lettinga et al, 1980). The 
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present study was carried out to study the potential of 

UASB reactor to treat the pharmaceutical waste water 

having antibiotic and refractory waste in addition to high 

COD at different OLR and HRT at lab scale. In this study 

effect of different factor affecting the performance of 

UASB reactor was also studied.     

 

2.Material and method 

 

The study was carried at room temperature in glass UASB 

reactor having volume 3.5 liters. The reactors consist of a 

cylindrical glass vessel  with 76 cm height and  26 cm 

diameter. The UASB reactor was seeded with 500 mL 

filtrate of sludge of biogas plant, 500 mL of 

pharmaceutical effluent and the remaining volume was 

filled with distilled water. The reactor was kept in same 

condition for 2 weeks. After 2 weeks 500 mL sample of 

effluent was collected from the sampling port and same 

volume was replaced by pharmaceutical effluent on 

weekly basis till steady state condition were observed. 

After achieving steady state condition.i.e.maximum COD 

removal the reactor was running in continous mode. The 

reactor was operated in three phases during continuous 

mode. In phase I and II, the reactor was fed 10% of 

pharmaceutical waste water at HRT  of   24  hours  and   

20 hours respectively and 50% of waste water was fed to 

reactor at HRT of  20 hours. Raw waste water sample after 

UASB treatment was analyzed for pH, Alkalinity, 
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Sulphate (SO4), Phosphate (PO4), Total Kjeldhal nitrogen 

(TKN), Volatile Fatty Acids (VFA) and Chemical Oxygen 

Demand (COD) in accordance with the standard methods 

of waste water analysis.(APHA, 1998). 

 

3. Result and discussion 

 

The pharmaceutical waste water used in this study were 

dark brown in colour and having COD of 10,000mg/l. 

After the satisfactory acclimatization of sludge, the reactor 

was run in continuous mode. The steady state conditions 

i.e. 80% COD reduction were reached after 10
th

 week of 

batch study. After steady state condition reactor was run in 

continuous mode. The continuous mode study was divided 

into three phases based on feed concentration and HRT 

and results are shown in table 1. The study showed that 

97%, 93%  and 89% COD reduction were achieved in 

phase I, II and III, respectively. Result shows that 

variation in HRT and OLR had effect the COD removal of 

pharmaceutical waste water. This was in consistence with 

results of Saleh et al., 2004. Other parameters were also 

reduced in all three phases. COD Variation in all the three 

phases were shown in fig 1. 

 In phase-I, II and III, pH varied between, 5.96 to 8.09, 

6.87 to 8.00  and 5.09 to 7.01  respectively. The pH in 

phase III is slightly acidic it may be due to increase in 

OLR, which confirmed that the reactor operated in the 

acidogenic phase (Francois et al., 2006). The optimal pH 

for methane-producing microbes is 6.8-7.2, while for acid-

forming bacteria it is around 6 (Moosbrugger et al., 1993; 

Zoetemeyer et al., 1982). The growth rate of 

methanogenic microbes decreases sharply below pH 6.6 

(Mosey and Fernandes, 1989). During overall study pH 

was in optimum operating range of anaerobic treatment 

which was also confirmed by results and were shown in 

fig 2. 

 Alkalinity is a measure of the chemical buffering 

capacity of the aqueous solution. It is essential that the 

reactor contents provide enough buffering capacity to 

neutralise any possible VFA accumulation in the reactor 

and to maintain pH (6.7 to 7.4) for stable operation 

(Callander and Barford, 1983). Alkalinity of phase I,II and 

III  varied from 700 mg/l to 200mg/l  (71% reduction), 

1200mg/l to 500mg/l  (58% reduction) and 7500mg/l to 

4700mg/l (37% reduction) respectively. Higher alkalinity 

in phase III was due to  increase in OLR (Mohan et al., 

2005). Compounds such as VFAs and ammonia may be 

present and also contribute to the alkalinity. Table 1 

showed the variations in different parameters in all the 

three phases. 

       The decrease in pH accompanying accumulation of 

VFAs is the main cause of toxicity and sometime reactor 

failure in the anaerobic digestion process (Ahring et al., 

1995).VFA showed variation from 825.67mg/l to 

270.91mg/l (67% reduction)  in phase I,  996.625mg/l to 

450.987mg/l (55% reduction)  in phase II and 730.87mg/l 

to 420.8mg/l (42% reduction)  in phase III.  

 The variation in phosphate concentration in phase I, II 

and III varied from 33mg/l to 10.1mg/l (69% reduction), 

29.60mg/l to 16.01mg/l (45% reduction), and  78.29mg/l 

to 45.01mg/l (42% reduction) respectively. Highest value 

of phosphate were observed at high concentration and 

lower HRT. Sulphate  varied in phase I,II and III from 

430.825mg/l to 210.8mg/l (51% reduction),508.373mg/l to  

439mg/l (13% reduction)  and 490.8mg/l to 447.8mg/l 

(8% reduction) respectively.  

 The VSS/TSS ratio is important in determining the 

sludge characteristics and reflects biomass  growth and its 

quality. When VSS/TSS ratio was in between 0.78 to 2, 

the COD reduction was 97%, when it was 0.80 to 1.17, 

COD reduction was 93% and when it was in between 0.85 

to 0.95 then COD reduction was 89%, It indicates that 

higher the VSS/TSS ratio higher will be the COD 

removal(Lohchab and Kumar, 2010).VSS/TSS ratio were 

shown in Fig 3. 

 

 
 

Fig. 1COD Variation  at   different  fed  concentration   

during  study  period 

 

 
 

Fig. 2  pH   Variation  at   different  fed  concentration   

during  study  period 

 

 
 

Fig.3VSS/TSS  Variation  at   different  fed  concentration   

during  study  period 

COD for phase I COD for phase II COD for phase III

pH for phase I pH for phase II pH for phase III

VSS/TSS Phase I VSS/TSS Phase II VSS/TSS Phase III
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Table 1: Performance of UASB Reactor in Phase I, II and III 

 

Time 

(in 

Days) 

pH 
Alkalinity Sulphate Phosphate 

VFA(mg/l) COD(mg/l) 
(mg/l) (mg/l) (mg/l) 

  I*   II*  III*   I*  II*  III*  I*  II*  III*  I*  II*   III*   I*  II*   III*   I*  II*   III* 

1 5.96 6.87 5.09 700 1200 7500 430.8 508.3 490.8 33.48 29.6 35.48 825.7 996.6 730.9 5600 6480 1600 

2 6.32 7 6.02 625 1100 7010 427.3 500.9 492.7 25.74 20.2 50.1 681.7 900.3 690.1 2400 5660 9040 

3 6.57 7.36 6.01 500 950 7000 410.8 519.8 490 20.8 25.1 45.97 556.6 860.1 640.1 2000 4500 5600 

4 7.02 7.36 6.02 435 860 6985 370.8 498.8 484 22.06 22.2 52.08 571.4 820.3 608.9 1200 3220 8960 

5 7.72 7.08 6.23 525 800 6500 350.3 480.8 485.9 17.76 35.8 60.09 525.7 850.3 580.8 1150 3500 10560 

6 7.54 7.39 6.01 400 720 6100 380.4 485.9 482.9 15.76 38.42 52.08 457.1 801 570.9 1000 2720 8000 

7 8.14 7.07 5.56 345 700 6000 340.3 472.9 480 23.85 34.96 60.09 388.6 766 535.2 670 1120 7550 

8 7.35 7.07 5.45 300 715 5910 310.8 469.5 476.9 15.85 30.2 55.97 411.4 720.9 490.1 420 1020 7000 

9 8.23 7.22 6 275 680 5800 270.8 460.4 472 13.8 27.12 57.02 365.7 701 520.2 350 980 6890 

10 7.88 7.08 6.09 225 700 6010 250.4 460.4 470.6 14.74 25.06 65.1 342.9 671 490.1 300 800 6230 

11 8.01 7.11 6.08 210 650 5810 220.9 452.7 467 11.71 24.96 78.29 309.8 610.9 520.3 180 850 6085 

12 8 7.22 6.07 225 600 5620 215.7 455 460.9 10.98 21.09 70.43 289.6 566 500.1 180 700 5500 

13 8.09 7.9 6.68 200 560 5420 210.8 450.9 462.6 10.01 24.92 66.78 270.9 530.7 480.2 160 620 5000 

14   8 6.8   580 5000   444.8 459   18.12 52.1   501 464.2   550 3000 

15   8.06 7   520 5010   438.6 452.4   16.96 51.08   468.9 460.8   480 2600 

16   8.07 7.01   500 4990   440 450.6   17 46.78   450.5 440.9   450 2000 

17   8 7.01   500 4900   439 452   16.01 50.08   451 450.5   400 1700 

18     7.21     4780     450     48.07     425.9     1500 

19     7.06     4800     448     45.23     420.8     1350 

20     7.01     4700     447.8     45.01     403.7     1100 

Note: *Indicate the phase of the study 

 

4. Conclusion 

 

The present  study  has   been   conducted   to   treat   the   

pharmaceutical  effluent   with  the  UASB  reactor   and   

the   treatment   efficiency   in   terms  of   COD  reduction   

under   different   HRT  and   flow   rate. Thus   from   the   

above   results  it   was   concluded   that  the   UASB  

reactor   is  highly   efficient   in   the   treatment  of  

pharmaceutical  waste  water   and  a  good  removal  

efficiency  for  COD at higher feed concentration of 50% 

dilution and it has higher efficiency for different OLR. 

This study showed that the UASB reactor can be 

effectively used for the treatment of pharmaceutical waste 

water. 
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