
Advances in Environmental Biology, 9(24) November 2015, Pages: 222-228 

 

 

AENSI Journals 

 

Advances in Environmental Biology 
 

ISSN-1995-0756      EISSN-1998-1066 

 
Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Hala M. El-Kamah National Research Centre, Water Pollution Control Department, ElBuhous St, 

P.O. 12622, Dokki, cairo, Egypt, E-mail:  dr.halael_kamah@hotmail.com 

Horizontal flow biofilm reactor for carbon and nitrogen removal from municipal 
wastewater  
 
Hala M. El-kamah, Hala S. Doma and Saber A. El-Shafai 

1 National Research Centre, Water Pollution Control Department, ElBuhous St, P.O. 12622, Dokki, Cairo, Egypt. 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 28 September 2015 

 Accepted 15 November 2015 

Available online 24 November 2015  

 

Keywords: 

Horizontal flow biofilm reactor, carbon 

removal, nitrification, Fecal coliform, 
municipal wastewater treatment. 

 

 

 A novel pilot-scale horizontal flow biofilm reactor (HFBR), suitable for centralized and 

decentralized wastewater treatment was designed, manufactured, installed and operated 

at Zenien wastewater treatment plant. It operated at ambient temperature (25-35ºC). The 

pilot plant operated at HLR namely 909, 1515, 2019 and 2717 l/m2.d and OLR 335, 

550, 805and 1006 g COD/m
2
/day, based on the average top plan surface area (TPSA). 

During this study the system achieved excellent carbon and nitrogen removals. COD 
removal percentage reach 95% in the first load and decreased to 79% in the fourth load. 

Nitrogen removal percentages were 100 % of total ammonia nitrogen and 78% of total 

nitrogen were achieved in the first load and both decreased by about 50% in the fourth 
load. Fecal coliform removed by an average of 2 logs. The annual running cost was 

estimated by LE78/person. No sloughing of solids or clogging of media occurred during 

the study. The system was easy to construct and operate, it give high removal 
performance in comparison to other biological treatment technologies for municipal 

wastewater treatment. 

 
© 2015 AENSI Publisher All rights reserved. 
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1. INTRODUCTION 

 

Most of the urban and rural areas in Egypt have lack of proper sanitation systems; as a result of this, 

the effective management of domestic wastewater and solid waste are becoming critical problem. 

Therefore, all of the pollution sources, i.e. municipal, industrial, and agricultural wastewater must be 

managed in order to reduce the carbon and nitrogen concentrations to improve the quality of the 

environment. The treatment technology must include the oxidation of biodegradable carbon and 

nitrification, since organic carbon and ammonia nitrogen cause oxygen depletion in receiving water bodies 

(1), also ammonia is toxic to fish and other aquatic organism (2). The difficulties faced by the Egyptian 

government in the installation of traditional wastewater systems in rural areas are due to the associated 

high installation, operation, and maintenance costs (3&4). Therefore, onsite sewage treatment requires 

effective systems that low cost instillation, operate and maintain while at the same time minimize the noise 

and odor, and space requirements (5 & 6). Horizontal flow biofilm reactor is simple, low cost technology 

with flexible design that provides a new effective technology of carbon and nitrogen removal from 

domestic wastewater (7). In contrast to conventional treatment technology such as trickling filters, sand 

filters and other media filter. An advantage of the HFBR reactor compared to sand or soil filters is the high 

rate of nitrogen removal that can be achieved without addition of an external carbon source (6). The HFBR 

reactor has many easy accessible points for the different zones of the reactor, allowing the examination of 

contaminant and biomass distribution and process transformation rates in various zones, this help scientist 

and engineers to understand the factors affecting the treatment performance to get the more efficient 

system design (8). Rodgers (9), reported that using the HFBR, the land spreading might be eliminated or 

greatly reduced, and there was no sloughing of solids or clogging during the system operation. Also, the 

treated effluent could be used for restricted irrigation, of wooden and ornamental trees (10).  

The main objective, of this study is to develop new horizontal flow biofilm reactor (HFBR) that has 

prospect for carbon, nitrogen and fecal coliform removal efficiency from domestic wastewater. The study 
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investigates the performance through the hall system and the different zones of the reactor. Also, the 

nitrogen removal mechanism through the different sheets of the reactor was investigated. 

 

2. Material And Methods 

 

2.1. Design and construction of the pilot plant 

The outer frame of the reactor constructed from polyvinyl chloride (PVC) sheets, which measured 

650 mm width, 700mm length and 2300 mm height. The pilot scale system comprised 55 PVC horizontal 

sheets. Each sheet measured 560 mm × 590 mm × 5 mm and contained vertical frustums formed during 

manufacture with 15mm deep and 15mm diameter, which acted as miniature reservoirs, giving potential 

volume of 1.5 l/sheet. These sheets were placed and alternately offset to allow the wastewater to flow 

horizontally along each sheet and vertically from sheet to sheet down through the reactor (Figure1). The 

plan surface area of each sheet was 0.33 m
2
. The total surface area TSA of the sheets was equal 18.172m

2
. 

Domestic wastewater pumped continuously from feed tank using a peristaltic pump into the top sheet of 

the reactor and flowed over and back along alternate sheets and down from sheet to sheet- sequentially 

down through the reactor.  

 

 

 

 

 

 

 

 

 

 
Figure (1) Vertical section of HFBR showing the sheet arrangement and the water flow path 

 

2.2. Sampling and analytical methods 

Throughout the study, the reactor was fed with fresh raw municipal wastewater. Samples were taken 

from influent feed tank, and effluent was taken from the treated wastewater dropped from the final sheet 

(55). 

 

2.2.1.Physico-chemical and bacteriological characteristics  

Physico-chemical analysis were carried out according to (11) to determine total chemical oxygen 

demand(CODtot), soluble chemical oxygen demand(CODfilt), biological oxygen demand(BODtot), total 

suspended solids (TSS),oil & grease, total nitrogen(TKN), ammonia, nitrite-nitrogen ((NO2-N), nitrate-

nitrogen (NO3-N) and total phosphate (TP). Fecal coliform counts as bacteriological analysis was also 

detected as (11), using pour plate method and mFc media. 

 

2.3. Hydraulic and organic loading rates 
The pilot scale system was operated for 300days under the normal weather conditions. To evaluate 

the system performance, four different organic loading rates (OLR) were applied. The operating conditions 

are summarized in Table (1) 

 

Table (1) Operational parameters for HFBR reactor 

load Unit 1
st
  load 2

nd
 load 3

rd
 load 4

th
 load 

OLR gCOD/m
2
.day 335 559 805  1006 

HLR l/m
2
.d 909 1515 2019 2717 

HRT hrs. 5 4 3 2 

 

 

 

 

Influent 

Effluent 

Frustum 

Pump 

Influent 

tank 

Pump 
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3. Results and Discussion 

 
The average influent and effluent concentrations are represented and illustrated in Table (2) and 

Figures (2-5). The strength of the raw domestic wastewater was in medium strength and it was more or less 

the same concentrations during the different loads. Average concentration values of COD, BOD and TSS 

were 369,215 and 185mg/l, respectively. 

 
3.1 Performance of HFBR 

The starting up period of each load takes only 10 days to reach stabilization, the performance 

gradually improved, after this period the reactor stabilized until the end of each load. During steady state, 

the results obtained were recorded in Table (2) and illustrated in Figures (2-5). Removal efficiency of COD 

didn’t significantly change; it was 95 % in the first load and decreased to 79% in the fourth load. During 

this study, the average organic areal removal rates of 156, 236, 338 and 403.5 g CODfil/m
2
.d were achieved 

during the first, second, third and fourth load, respectively, based on the top plan area. 

 

 

 

The average organic removal rates according to total sheet surface area were 2.8, 4.2, 6.1 and 7.3 g 

CODfil/m
2
.d for the different loads, respectively. These values are higher than reported by Rodegers (2), he 

reported that the average removal rates of 45.3 g CODfil/m
2
d and 1.8 g CODfil/m

2
d based on top plan area 

and total sheet surface area, respectively at 11C were obtained. Also removal rate of 3.1 g COD/m
2
d was 

reported for constructed wet land for a similar wastewater (12). Also, HFBR had an average TPSA 

removal rate of 191, 324, 380 and 503gBOD/m
2
/d and a TSA removal rate of 3.4, 5.9, 6.9 and 

9.0gBOD/m
2
/d were achieved at the first second third and fourth load, respectively. This compares with 

Cronk (13), whose review on wetlands found that BOD removal rates varied from 3.7 to 24.3 g/m
2
/d. Also, 

Geary and Moore (14) reported a 5.6 g BOD/ m
2
/d removal rate from dairy wastewater using wetland for 

treatment was achieved. Due to the stacking arrangement and flow contact area, the HFBR can have a 

smaller footprint than these systems. The TSS removal percentage was 95% in the first load and 80% in 

the fourth load were recorded. Residual concentration values of COD, BOD and TSS were 16, 9 and 9 

mg/l, respectively during the first load and 71, 38 and 37mg/l., respectively during the fourth load were 

Table ( 2 ) Performance of the HFBR during the four loads (300 days) 
 

Parameters Unit Raw 1
st
 

load 

 

%R 2
nd

 

load  

%R 3
rd

 

load 

%R 4
th

 

load 

%R 

pH  7.5 8  8  8  8  

CODtot mgO2/l 369 16 95% 35 91

% 

64 82

% 

74 79

% 

CODfil mgO2/l 180 8 93% 15 92

% 

25 84

% 

32 80

% 

BOD mgO2/l 215 9 95% 15 92

% 

31 85

% 

38 81

% 

TSS mg/l 185 9 95% 18 91

% 

29 85

% 

37 80

% 

Phosphorou

s 

mg/l 2 1.2 15% 1.1 13

% 

1.2 18

% 

1 12

% 

Total 

Nitrogen 

mg/l 52 11 78% 21 58

% 

19 65

% 

28 48

% 

Ammonia mg/l 24 0 100

% 

10 59

% 

8 67

% 

12 51

% 

Nitrite mg/l 0.08 1.7  1.68  1.37  2  

Nitrate mg/l 0.17 17.4  11.14  9.14  3  

Oil& 

Grease 

mg/l 55.4 5.4 91% 4.4 93

% 

5.8 89

% 

11 79

% 

Fecal 

coliforom 

MPN-

Index/100m

l 

1.1×10
7
 

1.2×10
4
 

 4.0×10
4
 

 2.4×10
5 

 4.4×10
5
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reported, these values are compatible with Egyptian legislation for irrigation. Thus the rate of removal 

lasted about the same elevated rates despite the largest increase in organic load applied to the treatment 

system. 
In the HFBR dissolved oxygen penetrated into the biofilm reactor by air diffusion (15).The system 

under investigation could be divided into three zones (i) upper zone (sheets 1-11) with low DO 

concentration ranging from 0.04-2.16 mg O2/l, and high organic carbon concentration (ii) upper oxidized 

zone (sheets 11-33) in this zone DO concentration increased from 2.16 to 3.9 mg O2/l with reduced in 

organic carbon (iii) lower oxidized zone, (Sheets 33-55) with increased DO concentration from 3.9 

to5.4mg O2/l and low organic carbon availability. Figure 6 shows the CODfil distribution down through 

HFBR sheets. It was observed that CODfil removal mainly occurred in the first 11sheets by 55% where, the 

DO concentration increased from 0.04 to 2 mg/l. After, sheet 11 CODfil removal percentages was ranging 

between 32% and 28%. 

 

 

 

 

 

3.2. Nitrogen removal 

Average concentration of TN in the raw sewage was 52 mg/l, the residual concentrations were11, 

21, 28, 19mg/l during the different applied loads, respectively (Table 2 and Figure 5). The average total 

removal in TN was 65%, corresponded to areal removal rate of 58 and 1.1 g N/m
2
.d depending on the top 

plan surface area and total sheet surface area respectively. Ammonia removal was steady during the 

different loads; the influent concentration was 24mg/l and the effluent residual concentration didn’t exceed 

12mg/l (Table 2). Ammonia and TN concentrations decreased gradually through the sheets of HFBR as 

shown in (Figure 7). At the first 10 sheet the reduction was reached 19% of TN and 9% of ammonia. The 

maximum reduction was at the last 10 sheet 37% of TN and 49% for ammonia. Figure 7 illustrated that, 

the nitrification rate started from the sheet 11 and increase gradually till it reaches almost full nitrification 

in the effluent with concentration reached an average of 13.7mgNO3-N/l. During first and second load, 

nitrification process was very significant from the sheet 33 and increased till it reach sheet 55, there was 

almost full nitrification occurred (Figure 8), with ammonia average reduction from 20 to 7mg NH4-N/l. 

and the nitrate concentration increased from 6 to 13.7 mgNO3-N. Also the nitrite concentration recorded 

1.7 mg N02-N/l. At the last two loads, nitrification process observed from sheet 44 to 55, ammonia average 

reduction from 16 to 11mg NH4-N/l and the nitrate concentration increased in this area from 2.5 to 4.4 

mgNO3-N (Figure 9), nitrite concentration remained around 2 mgNO2-N/l. 

 



226 Hala M. El-Kamah, et al., 2015 

Advances in Environmental Biology, 9(24) November 2015, Pages: 222-228   
 

0
5

10
15
20
25
30

0 11 22 33 44 55 

m
g/

l 

Sheet No. 

Figure (9) Profile of nitrate and 

ammoniaconcentration down through sheets 

during 3rd and 4th load 

NH4-N

NO3

0
5

10
15
20
25
30

0 11 22 33 44 55 

m
g/

l 

Sheet No. 

Figure (8) Profile of nitrate and ammonia 

concentration down through sheets during 1st and 

2nd load 
NO3

NH4-N

0

2

4

6

8

10

1 2 3 4 5 6 7 8 9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

L
o
g

 c
fu

/1
0

0
 m

l 

Times 

Fig. 9 The fecal coliform concentration of Influent and 

Effluent 

Influent Effluent

 

 

 

 

 

 

The hydraulic retention time (HRT) was 5 and 4 hrs during the first and second load, respectively. 

During third and fourth load the HRT decreased to 3 and 2 hrs, respectively. Nitrification process 

decreased from 70% in first load to 45% in the second load by decreasing the HRT. At the last load, the 

nitrification process decreased to reach 12% .This variation in dynamics may be related to lower retention 

time on each sheet due to the increased of flow, therefore the amount of time microbial biomass must 

remain in nitrifying reactors must be longer than treatment systems designed for COD removal in order to 

provide enough time for the nitrifying bacteria to grow (6).Also, the presence of high concentrations of 

biodegradable CODfil (Figure 6) might inhibit the nitrate nitrogen production in the first 20 sheets. Zhang 

(16) and Okabe (17), reported that the presence of high concentration of CODfil inhibits nitrification as 

COD heterotrophic oxidizers outcompete autotrophic nitrifies for DO since COD oxidizers have higher 

growth rates than nitrifies. Nitrification is also affected by number of stacked sheets and TPSA, in this 

study the 55 sheets stacked together in the HFBR reactor and 0.33 m2 raise the nitrification percentage to 

70% compared with 9% nitrification reported by El-Kamah (10), when HFBR has only 38 sheets and 

0.1m2.  

 
3.3. Fecal coliform removal  

Bacteriological examination in this study focuses on fecal coliform because it is specific indicator of 

fecal contamination whereas total coliform are not (18).The results represented in Table (1) showed that 

the bacteriological examination revealed the mean counts of fecal coliform in raw sewage was above the 

medium strength with range of 5.9 log and 7.8 log and an average value with 6.8 log value. The fecal 

coliform density has decreased by an average of 2 logs and has a residual count ranging between 4 and 5 

logs during the different OLR. Bacterial reductions have been reported to be 1 to 2 logs of fecal coliform in 

constructed wetland technology (19 and 20). Ghmandi (21) and Tanner (22), reported that, when the 

influent wastewater concentration is high, constructed wetland act as a source of pathogen contamination. 

The mechanism of fecal coliform reduction is physical processes, namely entrapment and attachment 

through biofilm (23). 

 

 

 

 

 

 

 
4. Economic Evaluation 

The economic evaluation was based on the following assumptions: (1) Operating hours for the 

wastewater treatment plant was assumed to be 330 days/year. (2) Wastewater plant capacity 330 m
3
/year 

(1000 l/day). (3) Life time 25 years (4) person water consumption 54 m
3
/year (150 l/day). All costs shown 

are in Egyptian pound. According to the definition of capital cost estimation, the economic estimation in 

this study is classified as a ‘‘study estimate’’ (24). It is based on the process description and sizing of 

major process equipment. Based on the total capital investment and the total operating cost; the cost of 

treatment one cubic meter of wastewater is 42 LE. The annual cost per person is 2246 LE and the annual 

running cost per person is 78 LE. 
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5. CONCLUSION 

 
HFBR reactor was operated for 300 days under four organic loading rates. The system performance 

was steady during the different loads and gave high removal percentage of carbon and nitrogen. The main 

conclusion summarized as follows: 

1. The system achieved excellent removal of COD and BOD reached 95% during the first two loads. 

During last two loads COD and BOD removal percentages were reduced to 81% and 83%, 

respectively. 

2. An HFBR with 55 sheets and surface plan area of 0.17m
2
/person, operated at the ambient temperature 

(20-35C), could achieve BOD removal reached 95%; 70% nitrification and 78% total nitrogen 

removal. Also, the system with 55 sheets and surface plane area of 0.1m
2
/person give 81% and 48% 

BOD and TN removal and about 12% nitrification. 

3. HFBR reactor is an effective, robust, low cost, and easily maintained system for achieving high 

standards of effluent quality which could be reuse for irrigation of wooden trees. The pilot scale 

HFBR uses a single pump to reduce running costs and minimize maintenance. Also, there was no 

sloughing of solids or clogging of the reactor. The annual running costs of around   78 LE/person. 

4. The novel HFBR technology could provide a suitable alternative, which can applied in rural areas and 

small communities for municipal wastewater treatment. 
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