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ABSTRACT 
 

Anionic surfactants (AS) are widely used in household and industrial products. 
After use, they are mainly discharged into the sewage treatment plants (STPs) and 
then dispersed into the environment through effluent discharge into surface waters. 
A full scale (100 ML/d capacity) up-flow anaerobic sludge blanket (UASB) reactor 
with aerobic (diffused aeration) based STP for the removal of AS was studied and 
compared with polishing ponds (PP) and ozonation as polishing steps for UASB 
effluents. Samples of raw sewage, UASB effluents, post treated effluents and final 
effluents were collected for the period of sixteen weeks. 

Anionic surfactants, ranged from 3.0 to 8.5 mg/L over the monitoring period in 
raw sewage. UASB reactor effluents contain substantial concentrations of AS (4.12–
9.11 mg/L) as average AS removal was found to be less than 5%. Post-treatment of 
UASB reactor effluent using diffused aeration was found to be better compared to 
polishing ponds (12-18%) and ozonation (71-89%). In UASB reactor–aeration tank 
(AT) combination, AS reduced up to 92.4% with a final concentration ranged from 
0.26 to 1.02 mg/L. Risk assessment study reveals that UASB-AT based plants could 
not reduce the risk quotient less than 1 for the safe discharge of AS, although the 
magnitude of risk is lower down as compared to UASB-PP and UASB-Ozonation. 

Key Words : Anionic surfactants, Up-flow anaerobic sludge blanket reactor, 
Aerobic, post treatment, Diffused aeration. 

 
INTRODUCTION 

Anionic surfactants (AS) are generally 
found in the sewage as a result of the use of 
consumer products like detergents, cleaning 
and dish washing agents, personal care 
products etc1. Surfactants show remarkable 

cleaning ability because of having 
hydrophobic and hydrophilic components. 
The largest group of AS is linear 
alkylbenzene sulfonate (LAS). From the last 
few decades, LAS is widely used in most of 
laundry products due to the advantages over 
formerly used synthetic detergent and lower 
cost of production.  * Author for correspondence 
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Surfactants are readily biodegradable in 
aerobic treatments2,3 but from the research 
work it is known that in anaerobic conditions 
these are not degradable4-9. Most of the time 
anaerobic wastewater treatment plants fail to 
discharge the effluents as per the effluent 
discharge standards given by WHO10 and 
CPCB11, mainly for Biochemical Oxygen 
Demand (BOD), Chemical Oxygen Demand 
(COD), Pathogens, and Suspended Solids 
(SS). Range of LAS concentration in raw 
sewage of 3-21 mg/L has been reported12,13. 
Even 0.02 to 1.0 mg/L can damage fish gills, 
cause excess mucus secretion; decrease 
respiration in the common goby, cause 
reduced settling rate, and damage swimming 
patterns in blue mussel larva. Similarly 40-60 
mg LAS /kg dry wt. of sludge is reported to 
be toxic to the reproduction and growth of 
soil invertebrates14.   

However, in spite of the full-scale 
application of Up-flow Anaerobic Sludge 
Blanket Reactor (UASBR) since over a long 
time, attempts have been made to study the 
fate of AS at bench scale only. Reported 
results are varying in nature as the 
experiments and scenarios investigated by 
the authors were different. Limited study was 
conducted for the fate of anionic surfactants 
in UASB based STPs7. USSAR studied five 
full scale UASB based STPs (27, 34, 38, 56, 

and 70 ML/d capacities) followed by 
polishing ponds as a post treatment step. 
Anionic surfactants were found not to be 
degraded in UASB reactors as UASBs are 
anaerobic in nature. Adsorbed fractions of 
AS were removed by adsorption/absorption 
followed by settling in UASB reactors while 
the dissolved fractions of AS were found 
increased by desorption from the sludge 
blanket. Polishing Ponds (PP) were also not 
found sufficient for the removal of AS 
because of 1-1.6 day detention, they were 
found anaerobic and non algal ponds. Based 
on discharge concentrations from UASB-PPs 
into rivers, adverse effects were proposed to 
aquatic environment. A post treatment 
method was recommended after UASB 
which must be aerobic, which may reduce 
the adverse effects of AS to the aquatic 
environment. In this paper, a full scale (100 
ML/d capacity) up-flow Anaerobic Sludge 
Blanket (UASB) Reactor with aerobic 
(diffused aeration) based STP for the 
removal of AS was studied and compared 
with polishing ponds (PP) and ozonation as 
polishing steps for UASB effluents.  

MATERIAL AND METHODS 
UASBR based STP located in Surat 

(2101012N, 7204948E) was selected for 
the study. Plant capacity of UASBR based 

 
Fig. 1 : Schematic flow-diagram of UASB based STP at Surat.  

(Sampling locations, 1-4, are shown in circles). 
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STP located in Surat is 100 ML/d. Diffused 
aeration based unit is used as post treatment. 
Study was carried for period of sixteen 
weeks (i.e. Jan 2008 – April 2008). 

A general schematic flow diagram of the 
combined UASBR-AT (Up-flow Anaerobic 
Sludge Blanket Reactor – Aeration Tank) 
system for STP is shown in Fig. 1 and their 

main characteristics are summarized in 
Table 1. The UASB-AT at Surat were 
designed to handle 250 mg/L of influent 
biochemical oxygen demand (BOD, 5 day, 
200 C), and 300 mg/L of influent suspended 
solids (SS) and 800 mg/L of influent 
chemical oxygen demand. Sampling 
locations are shown in Fig. 1. 

Table 1 : UASBR Based STP: Dimensions and Design Parameters. 

Parameters Parameters 
Installed Capacity (ML/d) 100 UASB reactors  
Location Surat Numbers 20 
Average operating capacity  
(ML/d) 160 Dimension, Lx Wx D (m3) 20 x 20 x 7.44 

Start of operation 2001 Effective Depth (m) 4.9 

Design parameters  Effective volume of reactors (m3) 39,200 

COD (mg/L) 800 HRT (at average flow), (h) 8-9 

BOD (mg/L) (5 d, 200 C) 250 Post treatment ( Aeration 
Tank )  

SS     (mg/L) 300 Numbers 4 

Sewage temp.  ( 0 C) 36 HRT (at average flow), (h) 3-4 

  Dimension, Lx Wx D (m3) 60 x 16 x 5.5 
 

Analysis  
At all the STPs considered in the present 

work, sewage reaches after multistage 
pumping. It is primarily because of flat 
topography of the cities and presence of a 
number of water channels. At every stage, 
sewage is detained for a short time and gets 
mixed up in the sewage sump. It is finally 
collected at the main pumping station (MPS) 
just ahead of each STP. From MPS, it is 
pumped round the clock more or less at a 
uniform rate. It flows through the STPs by 
gravity. Grab sampling method was used for 
the sampling of STPs in the present study. 
Samples were collected from combined 
streams and not from individual reactors.    

Anionic surfactants were measured in 
samples of sewage by a non specific method 

“methylene blue active substances” (MBAS) 
as prescribed in Standard Methods15. LAS 
(HACH, USA) were taken as a reference. All 
AS concentrations are reported in this paper 
as mg/L for sewage. MBAS analysis was 
performed in duplicate and the calibration 
curve was checked using known standards of 
LAS during every measurement. Other 
conventional pollution parameters (COD, 
BOD, and TSS) were also analyzed as per 
Standard Methods15. Samples for BOD 
determinations were incubated for 5 days at 
200 C. DO and pH is measured by using 
different probes (HACH, USA).  

RESULTS AND DISCUSSION 
Sixteen weeks monitoring data were 

used to found range and mean of different 
parameters. Wide variations in influent 
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characteristics were noticed. Over a period of 
sixteen weeks, sewage temperature ranged 
between 30-32.4° C, total COD varied from 
628-835 mg/L, total BOD from 212-269 
mg/L and TSS from 198-223 mg/L, total AS 
ranged from 3.75-8.24 mg/L. Filterable 
fraction of AS ranged from 1.58 to 3.15 

mg/L with a mean concentration of 2.25 
mg/L while adsorbed fraction varied from 
1.98 to 5.16 mg/L (mean 3.66 mg/L),  
(Table 2). Fig. 2 is plotted by taking average 
concentrations of AS in dissolved, adsorbed 
and total phases for different sampling points 
(Fig. 1). 

Table 2 : Average composition of the raw sewage received at UASBR based STP 
followed by Aerobic post – treatment studied. 

Parameters Range MeanSD 
Sewage Temperature (ºC) 30-32.4 31.740.99 
pH 7-7.3 7.120.12 
Total Dissolved Solids (mg/L) 1136-1516 1309.2178.9 
Suspended solids      (mg/ L) 198-223 215.611.84 
Total BOD                 (mg/L) 212-269 240.441.33 
Soluble BOD             (mg/L) 46-88 69.71.21 
Total COD                 (mg/L) 628-835 695.4416.21 
Soluble COD             (mg/L) 280-395 311.8916.72 
Dissolved oxygen      (mg/L) 0.09-0.2 0.120.05 
Filterable   AS           (mg/L) 1.58-3.15 2.250.44 
Adsorbed AS             (mg/L) 1.98-5.16 3.661.14 
Total AS                     (mg/L) 3.75-8.24 5.911.4 
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Fig. 2 : Average AS concentration in Raw sewage, UASB effluent. Post treatment effluent and final 

effluent. 
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Dissolved AS (Fig. 2) was found 
increased in UASBR effluent while adsorbed 
concentration was decreased similar to STPs 
studied by Mungray and Kumar7. UASBR 
effluents were discharged to the diffused 
aeration based post treatment step where 
again the adsorbed concentration were 
increased excessively while dissolved 
concentration decreased. In final effluents 

i.e. after secondary sedimentation tank all 
phases are removed. Percent removal of AS 
at different stages of treatment was drawn in 
Fig. 3. Total of almost 5% was removed at 
UASB while in diffusion aeration step 
almost 92% AS was removed in all phases. 
Overall removal was found 92.4% in total 
while maximum was found in adsorbed 
phase. 

Total AS removal found to be 92.4% 
using diffused aeration. This removal was 
comparatively very high with the study 
conducted by Mungray and Kumar7 in five 
UASB-PP based STPs. There the post- 
treatment step was polishing ponds and after 
the post treatment only 15.2% removal was 
achieved and an average 2.49 to 5.69 mg/L 
of AS were discharged from UASB-PP based 
STPs7. Gasi et al.16 also found similar results 
0.53 to 1.52 mg/L of AS concentration in 
final effluent of UASB followed by 
Ozonation post treatment step16. 
Concentrations of AS in treated effluents of 
UASB based STPs from previous studies and 
present work are compiled in Fig. 4. The 
UASB effluent concentration of AS is ranged 
from 3.83 to 5.91. 

Percent removals of AS for various 
UASBR based STPs along with the data 
from present study was compiled and plotted 
for UASB reactors and their post treatment 
units Fig. 5.  Almost 1.7 to 18.5 % removal 
was found in UASB reactors. Removals in 
UASBR were less because of the 
characteristic of anaerobic reactors. Post 
treatment units studied by Mungray and 
Kumar7 were polishing ponds; removal range 
was 12-18.3%. Gasi et al.,16 used Ozonation 
as a post treatment step and the removals 
were found from 71 and 89%, while in the 
present post treatment unit percent removal 
was found 92%. This is clear that present 
post treatment units are better compared to 
polishing ponds and Ozonation for AS. 
Polishing ponds are basically aerobic in 
nature but due to short HRT followed there 

 

 
 

Fig. 3 : % AS removal in UASB, post treatment and overall treatment. 
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was only 1 to 1.6 days. Within this HRT they 
were classified anaerobic non-algal ponds. 
AS removals found to be 4.7%, for UASB, 

where when it is attached with the post 
treatment process the AS removals found to 
be 92% using diffused aeration.  

Risk assessment to aquatic environment  
Predicted environmental concentrations 

(PEC) in rivers were calculated from the 
concentrations of AS in post- treatment 
effluents. A risk was assessed to the aquatic 
environments due to the discharge of final 
effluent in presence of AS in treated sewage 

was evaluated according to the procedure 
laid down in European Union Technical 
Guidance Document17,19. Risk is assessed 
depending on (a) predicted environmental 
concentration (PEC), and (b) predicted no 
effect concentration (PNEC) i.e. the 
concentration below which unacceptable 
effects on organisms are not likely to occur. 
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Fig. 4 : Concentration of AS in treated effluents. 
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Fig. 5 : Percent AS removal in final effluent by different STPs.. 
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Table 3 : UASBR based STP: effluent concentrations and estimated  
PRC, PNEC and RQ values. 

STP Capacity 
(ML/d) 

Avg. AS concentrations  
in  STP effluents  

(mg/L) 

PECwater 
(mg/L) 

PNECwater 
(mg/L) 

RQ 

UASBR-PP 27 4.33 0.433 0.027 16.04 
UASBR-PP 34 4.83 0.483 0.027 17.89 
UASBR-PP 38 3.83 0.383 0.027 14.19 
UASBR-PP 56 4.91 0.491 0.027 18.19 
UASBR-PP 70 3.60 0.360 0.027 13.33 
UASBR-
OZONATION 

 1.52 0.152 0.027 5.63 

UASBR-
OZONATION 

 0.53 0.053 0.027 1.96 

UASBR-AT 100 0.45 0.045 0.027 1.67  
 
PECWater : The measured average 

concentrations of anionic surfactants in final 
effluent from STP is summarized in Table 3, 
column 3. EU-TGD19 has suggested a 
dilution factor of 10 (TGD default dilution 
coefficient) which was used to calculate 
predicted environmental concentration in 
receiving water (PECwater, Table 3, column 
4). 

PNECWater : No observed effect 
concentrations (NOEC) of LAS based on 
long-term laboratory screening tests for 
aquatic plants/organisms at three trophic 
levels (algae, crustaceans, and fish) are 18, 
0.27, and 0.90 mg/L respectively21-29. SIDS20 
has also mentioned several references in 
which NOEC of 0.27 mg/L has been utilized 
for assessment of risk to aquatic 
environment. Values reported are for LAS 
while in the present work AS were 
determined. However, since LAS 
predominate among AS, NOEC values 
reported for LAS were used to calculate 
PNEC. An assessment factor of 10 has been 
suggested (EU- TGD17,19 for the estimation 
of PNEC for LAS. An assessment factor of 
10 is normally applied when long-term 

toxicity NOECs are available for at least 
three species across three trophic levels. This 
yields lowest value of predicted no effect 
concentration in receiving water (PNECwater) 
of 0.027 mg/L (Table 3, column 5). 

Risk quotient (RQ) : Risk assessment is 
based on the (RQ) which can be calculated 
by using the below equation (1).                 

RQ = PEC/PNEC       (1)                                                          

RQ>1 indicates a risk of adverse effect 
to the aquatic environment. Calculated value 
of RQ for STP is also given in Table 3, 
column 6). Value of RQ was calculated using 
AS concentrations in treated effluents as 
reported by several research workers.  
Fig. 6 was prepared by taking effluent 
concentration of AS in three types of 
treatment systems (UASBR+PP, UASBR + 
OZONATION and UASBR+AT) from the 
literature along with the results obtained 
from the present work. To study the effect of 
post treatment on risk generated to aquatic 
environment risk quotients were calculated 
for all the values and plotted in Fig. 7.  
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Risk can be generated to the environment 
if RQ > 1. RQ values were sufficiently high 
which shows that if these effluents 
discharged directly certainly they will 
detoriate the aquatic life. First five values 
were based on UASBR+PP system next two 
were UASBR+Ozonation next one is based 
on the present work (UASBR+AT). All the 
STPs,  RQ  values  are  higher  than  1.   This  

shows that the discharge of these effluents to 
the aquatic system will surely disturb the 
aquatic life. Risk assessment study reveals 
that UASBR+AT based plants could not 
reduce the risk quotient less than 1 for safe 
discharge of AS, although the magnitude of 
risk is lower down as compared to 
UASBR+PP and UASBR+Ozonation.      
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Fig. 6 : Effluent of concentration of AS in UASBR+PP, UASBR+OZONATION and UASBR+AT effluents. 

 

17
.8

9

18
.1

9

5.
63

1.
96

1.
67

16
.0

4

13
.3

3

14
.1

9

0.1

1

10

100

1 2 3 4 5 6 7 8 9

Reference nos. ( as given in Fig.6 )

 R
Q

   
   

 

UASBR+ATUASBR+PP UASBR+
OZONATION

 
Fig. 7 : Values of risk quotients to aquatic environment due to discharge of UASBR+PP, 

UASBR+OZONATION and UASBR+AT effluents. 

Concentration of AS 

Discharge of AS 



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

804 
 

In the present case the post treatment 
step was totally aerobic i.e. aeration based 
(diffused aeration) but RQ values were still 
greater than 1 which shows risk to the 
aquatic environment. AS were removed 
almost 90% in post treatment step still they 
did not find suitable to reduce the risk 
completely. It seems that for reducing RQ 
values lower than 1 the HRTs of post 
treatment should be increased. Even 
Ozonation of UASBR effluents on a post 
treatment step studied by Gasi et al.16 did not 
reduce RQ to <1. Overall if we compare all 
the system, it seems that some more 
improvement is required in terms of aerobic 
treatment of UASB effluents for AS. 

CONCLUSION 
In UASB reactors, average removal of 

anionic surfactants ranged from only 3 to 
5%. In overall UASBR+AT combine, AS 
were found to be removed from 92.4% by 
utilizing aerobic post treatment systems, but 
it is still less than compare to ASPs (94-
99%). Better removal efficiencies by post 
treatment units were found compare to the 
earlier post treatment units i.e. by polishing 
ponds by Mungray and Kumar7 and 
Ozonations by Gasi et al.16. The present post 
treatment system is also not found suitable to 
lower down the concentration  up to the safe 
level i.e. risk quotient less than 1 (RQ ≤1, 
indicates no risk). Although the magnitude of 
the risk was lower down by the comparison 
of RQ values. 
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