Sodium Hypochlorite Dose-Response Study and Meta-Analysis 

Introduction

In its many available forms, chlorine is the most widely used disinfectant for municipal wastewater, reliably and effectively destroying a wide spectrum of pathogenic organisms by oxidizing cellular material. In addition, it is also effective in oxidizing certain organic and inorganic compounds. 

The liquid sodium hypochlorite disinfection system installed at the Decatur Sanitary District in 2002 (at the time replacing the problematic UV system) has proven to be a satisfactorily effective means of achieving disinfection goals. However, as with any operational system, there may be room for improvement. With the added cost of dechlorination, it would seem particularly prudent to use only that amount of disinfecting agent necessary to achieve goals, yet remain within a comfortable margin of safety.            

Purpose

The purpose of this study was to determine the optimum dosage rate for sodium hypochlorite in the Decatur Sanitary District plant disinfection process, and to calculate the chemical cost.

Experimental

Equipment and Reagents

1. HACH DR700 Colorimeter with module version 52.01 at 525 nm wavelength

2. Biohit auto-pipettor

3. Stir plate and magnetic stirrers

4. Sterilizer

5. Stainless-steel funnel and filter holder, 47mm, Pall Gelman

6. Constant temperature water bath

7. 100 mL dilution bottles

8. Pre-sterilized membrane filters (0.45 pore size), 47mm

9. Pre-sterilized petri dishes with absorbent pads, 47mm

10. Rosolic acid

11. mFC broth base

12. 6.00% sodium hypochlorite (household bleach)

13. Miscellaneous laboratory glassware 

14. 2-liter Nalgene polyethylene bottles

15. 70% and 100% concentrations ethyl alcohol 

16. Two one-liter, Nalgene PMP sample bottles.

Procedure

Two one-liter grab samples were collected from nitrification secondary effluent well using clean, plastic sample bottles, which were then stored at 4 degrees C, and analyzed as soon as possible. 

Before beginning the experimental disinfection procedure, a 6.00% (sodium hypochlorite) commercial, household bleach solution was analyzed for chlorine by HACH method, and then diluted to a range of 0.051-0.064% (510-640mg/L). This was accomplished by adding 1 mL of stock solution to a 100 mL glass graduated cylinder containing 50 mL DI water, and diluting slowly to the 100 mL mark. The graduated cylinder was stoppered, inverted several times to mix, and set-aside until use. 

To begin procedure, samples were removed from storage, combined in a sterilized 4-liter glass beaker, and allowed to stir (with sterilized stir bar) for 15 minutes. After thorough mixing, 500 mL aliquots of sample were transferred to three, one-liter sterile, glass beakers with stir bars, and covered with saran.

In turn, each sample was placed on stir plate, set to lowest speed, and dosed with varying amounts of the prepared stock solution, to obtain the desired initial concentration of sodium hypochlorite in the sample. The sample was allowed to stir for 15 minutes, then analyzed for Fecal coliform, following the membrane filter method outlined in Standard Methods for the Examination of Water and Wastewater, 19th ed., 1995. 

Results and Discussion

For this report, a meta-analysis was performed, combining the Fecal coliform results from four separate sodium hypochlorite dose-response studies, performed 9/9/02-10/3/02, 12/16/02-12/26/02, 12/30/02-1/15/03, and 3/19/03-4/23/03.  Please note that while various other parameters were measured during each study, the core procedures and analyses, as described in the procedural section, were identical.

To begin analysis of the data, the results were pooled and grouped into sets of matching NaOCl  (sodium hypochlorite) dose concentrations. Next, the geometric mean for the initial and surviving fecal coliform densities were calculated for each usable set. Then, the log of inactivation and the percent kill were calculated from these results. In addition, the equivalent daily dose for 12.5% NaOCl (the commercial concentration used in practice), was calculated for each set, using the experimental dose data. Finally, the daily chemical cost was calculated from these results. See Table 1.  

	No. of Replicate Doses @ Each Concentration
	NaOCl Dose (mg/L)
	Initial Fecal coliform Density, col./100mL  (GM)
	Surviving Fecal coliform Density, col./100mL (GM)
	Log of Inactivation
	% Kill
	Equiv.Daily Dose (12.5% NaOCl) Per 35 MG (gal)
	Chemical Cost (dollars)*

	4
	1.94
	37193
	2002
	1.27
	94.62
	543
	212

	5
	2.15
	39140
	992
	1.60
	97.47
	602
	235

	5
	2.37
	39140
	782
	1.70
	98.00
	664
	259

	13
	2.55
	2632
	49
	1.73
	98.14
	714
	278

	6
	2.8
	2501
	44
	1.75
	98.24
	784
	306

	7
	3.06
	3030
	37
	1.91
	98.78
	857
	334

	4
	3.18
	3826
	28
	2.14
	99.27
	890
	347

	5
	4.55
	69644
	76
	2.96
	99.89
	1274
	497

	4
	5.55
	58957
	58
	3.01
	99.90
	1554
	606

	10
	8.53
	23399
	33
	2.85
	99.86
	2389
	932

	9
	9.51
	28245
	29
	2.99
	99.90
	2663
	1039


Table 1.

*Cost based on rate of  $0.39/gal, and rounded to the nearest whole dollar.
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From these data, the log of inactivation (y), was plotted against the initial NaOCl concentration (x), and the line of best fit was calculated by the ordinary least squares method. See graph 1. 
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  Graph 1.

From the table and graph, one can see a steady rise in the log of inactivation (1.27-3.01) with increasing sodium hypochlorite concentrations, ranging from 1.94-5.55 mg/L. At the top of this range, the efficacy appears to level off.  Based on a target of 99.70-100% kill, the optimum range of NaOCl concentration is 4.55-5.55 mg/L (average: 5.05 mg /L), corresponding to a log of inactivation range of 2.96-3.01 (average: 2.99). Further, when extrapolated to the equivalent daily dose (12.5% NaOCl) per 35 MG, this corresponds to an optimum range of 1274-1554 gallons (average: 1414 gallons).  Therefore, to achieve an average optimum kill, the cost of sodium hypochlorite for the District would be $ 551/Day.
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Conclusions

Determining an optimum dosage rate for sodium hypochlorite disinfection, yet remaining within a 

comfortable margin of safety and avoiding microbial pollution in the receiving stream is a rather complex problem. Due to the dynamic nature of biological systems, fluctuating chlorine demand, seasonal changes, and other varying day-to-day plant conditions, a dose that was effective today, may not be effective tomorrow. In other words, there is no magic bullet to guarantee solution to this problem. However, by performing a meta-analysis of data collected in several segments over a period from Fall, to Winter, to early Spring, hopefully, a better overall picture was obtained, with varying degrees of the above- mentioned confounders coming into play.  This may have helped avoid any skewing of data due to unusual and/or temporary plant conditions. Yet, this is still only the big picture, and a sample of a population (Fecal coliform) within a particular time frame. Therefore, a focus on the ranges, as opposed to the average results seems more appropriate. Finally, any future investigation of these parameters should include samples collected in the Summer when warmer temperatures favor more microbial growths and, consequently, higher chlorine demand.  By incorporating the results from such period into the current data, the reevaluated optimum dose range would be more reliable to apply on a macro scale.  

References:
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