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Abstract. Treatment of wastewater by means of biological process has been widely implemented from
urban to industrial wastewater. However, biological treatments systems are effective and efficient for
treating biodegradable wastewater, if good process control is ensured. This research is to study the
relationships between pH, and dissolved oxygen (DO) during low intensity aeration of slaughterhouse
wastewater and to determine the strategies for monitoring and/or control of this treatment process. The batch
reactor (4 L) was used. The untreated fresh chicken slaughterhouse wastewater was placed in the batch
reactor and aerated for eight hours to achieve the initial DO of 6.0 mg/L. The observation on the pH, DO,
chemical oxygen demand (COD), total nitrogen (TN), ammoniacal nitrogen (AN), total Solid (TS) and total
volatile solid (TVS) were done for different retention times ( 3, 4, and 5 days). Overall result showed that the
best performances were observed for 5 days retention time for all parameters; occurred at low oxygen
concentration indeed (DO less than 0.5 mg/L).

Keywords: Chicken slaughterhouse wastewater, Batch, Limited aeration.

1. Introduction

In most aerobic biological system such as nitrification processes, oxygen is the requisite oxidant and the
presence of dissolved oxygen (DO) at specific level s a necessary condition for the process to proceed
unimpeded [1]. The limiting amounts of DO (concentration below 2 mg/L) inhibit nitrification and cause
nitrite accumulation or nitrous and nitric oxide production [2]. DO is widely used to monitor the biological
process. However the performance of DO probes are quite erratic near their detection limit [1]. Numerous
biological processes such as degradations of organic matter are essentially oxidation- reduction processes
and past research has shown good correlations between biological activity and electrode potential [3]. The
pH of biological systems responds to microbial reactions and hence, the pH status may also provide a good
indication of the ongoing biological reactions [4, 5]. Knowledge of the effect of oxygen on nitrification and
nitrifying populations has economic importance since aeration is one of the most costly items in the
operation of a wastewater treatment plant [6]. The objective of an aeration treatment of livestock wastewater
is the reduction of organic loading rates into secondary treatment system to oppose the complete stabilization.
Low rate, low intensity or limited aeration has been recommended for economical reduction of odor and
other gaseous emissions [7, 8, 9]. Most of the study on limited aeration has been conducted for piggery
wastewater [9] and dairy wastewater [1] but no research has been conducted on chicken slaughter house
wastewater.

2. Methodology

An untreated fresh chicken slaughter house wastewater was taken from the commercial slaughterhouse
centre nearby to our university. This wastewater poured to the batch reactor (4 L volume) and retained for 5
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days. The wastewater characteristics were done for pH, dissolved oxygen, temperature, COD, TN, AN, TS
and TVS. The automatic meter (YSI 6600) was used to measure pH, dissolved oxygen and temperature. The
COD, TN, and AN were measured using the Hach DR/4000 Spectrophotometer following the manual
protocols, respectively: Method 8000 (Digestion Method); Method 10071; and Method 8038. The TS and
TVS measurements were following the Standard Methods for the Examination of Water and Waste Water
[10], respectively: Method 2540A-E. The wastewater was aerated for 8 hours, to increase the DO initial as
6.0 mg/L. The performance of the batch reactor was observed for several retention times (3, 4 and 5 days).

3. Results and Discussion

3.1. In-Situ Parameters Measurement.

The in-situ parameters were measured and were shown in Table 1. The average DO concentration
considered low (2.50 mg/L). These characteristics had changed slightly due to the aeration process. DO
concentration improved by 58% (from 2.5 to 6.0 mg/L). The temperature decreased from 24.1°C (start) to
18.7°C (after 8h aeration) with pH 6.9 increasing to 7.3.

Table 1: Untreated Fresh Chicken Slaughterhouse Wastewater Characteristics.

pH ‘c DO (mg/L)
6.9 24.1 25

3.2. Observation on the Batch Reactor Performance.

Table 2 showed the wastewater composition after retained in the batch reactor for several retention times.
The result indicated that DO concentration was reduced sharply (from 6.0 to 0.3 mg/L within three days).
Not much different was observed for DO, pH and temperature for 4 and 5 days retention time. In the limited
oxygen condition (DO less than 1 mg/L), the removal efficiencies were observed for all parameter. Our
studies indicate that for low intensity aeration treatments of chicken slaughterhouse wastewater, an ultimate
COD degradation of approximately 75.5 % occurred at approximately 5 days retention time (Figure 1).
Generally, the 5 days retention time showed the best removal performance by 26.1%, 13.4, 12.5%, and
10.0% for AN, TN, TVS, and TS respectively. However, the batch reactor had removed the COD by 36.5 %
at the 3 days retention time. The removal for TN, TS and TVS had occurred effectively (more than 10%)
only on 5 days retention time.

Table 2: Water Quality Measurements for Batch Reactor.

Retention | pH ’'c DO COD TN AN TS TVS
time (mg/l) (mg/l) (mg/l) (mg/l) (mg/1) (mg/l)
0 day 7.3 18.7 6.0 1249.3 66.6 29.9 97.9 97.4
3 days 6.8 21.8 0.3 793.33 63.1 27.0 973 935
4 days 6.7 224 0.4 549.44 62.8 26.5 97.2 90.9
5 days 6.7 21.9 0.5 305.89 57.7 22.1 88.1 85.2

COD Removal (%)
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Fig. 2: COD Removal versus Retention Time
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3.3. Wastewater Stabilization: COD, TN, AN, TS and TVS versus DO.

Wastewater stabilization is commonly characterized by the COD, TVS, AN of the wastewater. These
parameters are difficult to monitor in real time and, therefore, cannot be used to monitor and/or control
wastewater stabilization in real time. The changes in COD, TN, AN, TS and TVS as functions of DO of the
chicken slaughterhouse wastewater are shown in Figure 1. Reasonably good coefficients of determinations
ranging between 0.76 and 1.0 were obtained. The best parameter for prediction of both COD and TVS during
the entire treatment was DO (R? of 1.0 and 0.96 for COD and TV, respectively).
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Fig. 2 (a-b) : Relationships of COD, TN, AN, TS and TVS of the chicken slaughterhouse wastewater to DO; during the
treatment of the chicken slaughterhouse wastewaters.

4. Conclusion

Experiments were performed to study the relationships between pH, and DO, during low DO intensity
batch systems of low-strength chicken slaughterhouse wastewaters. This study established that COD and
TVS measurements are preferable during low-intensity oxygen condition. DO displays feature that can be
used to define stabilization of chicken slaughterhouse wastewater during the batch study. DO decreases
gradually during the stabilization of the more easily degradable organic matter. More rigorous
experimentation would be needed before this number is adopted for limited aeration treatment of chicken
slaughterhouse wastewater.

5. Acknowledgement

The authors wish to extend their appreciation to the Universiti Tun Hussein Onn Malaysia, Johor, for
providing the funding (Vot 0906) to initiate the project.

6. References

[1] Pius M. Ndegwa, Li Wang, Venkata K Vaddella, Potential strategis for process control and monitoring of
stabilization of dairy wastewater in batch aerobic treatment system. Process Biochemistry, 42: 1272-1278, 2007.

[2] Painter H.A . Nitrification in the treatment of sewage and wastewater. In. J.I Prosser (ed), Nitrification Society for
General Microbiology, Oxford IRL Press, 185-211, 1986.

[3] P.A. Vanrolleghem, D.S. Lee, On-line monitoring equipment for wastewater treatment processes: state of the art.
Water Science and Technology Vol 47 No 2 : 1-34,2003]J. Li, Y. Jiang, R. Fan. Recognition of Biological Signal
Mixed Based on Wavelet Analysis. In: Y. Jiang, et al (eds.). Proc. of UK-China Sports Engineering Workshop.
Liverpool: World Academic Union. 2007, pp. 1-8.

[4] Hu, L, Wang J, Wen X, Qian Y. Study on performance characteristics of SBR under limited dissolved oxygen.
Proces Biochem: 40, 293-296, 2005.

[5] Akin BS, Ugurlu A. Monitoring and control of biological nutrient removal in a sequencing batch reactor. Proces
Biochem: 40, 2873-2878, 2005.

15



[6] Alenka Princic, Iban Mahne, France Megusar, Eldor A. Paul, James M. Tiedje. Effects of pH and Oxygen and
Ammonium Concentration on the Community Structure of Nitrifying Bacteria from Wastewater. Applied and
Environmental Microbiology, vol 64. No 10, 3584-3590, 1998.

[71 Ndegwa PM, Zhu J, Luo A. Effects of solid Separation and time on the production of odorous compounds in
stored pig slurry. Biosyst Eng 81 (1); 967-972, 2002.

[8] Ndegwa PM. Solids separation enhances reduction of organic strength of swine manure subjected to aeration
treatments. Trans ASAE; 47 (5): 1659-1666, 2004.

[91] Zhang Z, ZhuJ, King J, Li W. 4 two-step fed SBR for treating swine manure. Proces Biochem: 41(4), 892-900,
2006.



