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ABSTRACT OF THE DISSERTATION 

By 

Mehak Gupta 

Master of Science 

In Environmental Engineering 

University of California, Irvine, 2018 

Professor Betty H. Olson, Chair 

Water shortages in the western United States have made alternative sources of water for 

landscape irrigation increasingly important.  Tertiary treated wastewater is used to irrigate 

greenbelt areas, school grounds in certain communities and many parks in Southern California.  

However, the disinfection (or the microbial removal efficiencies) are directed toward removal of 

state standards that require the removal of coliform bacteria.  Other bacterial removal that can 

have a negative effect on the quality of the water are not routinely monitored for and necessarily 

controlled.   As a result, inefficient disinfection, caused by inadequancies or inconsistencies in 

filtration and disinfection processes has become a routine phenomenon. 

Occurrence of bacteria in the recycled distribution system can relate to biofouling of pipes and 

blocking of emitters in the irrigation system, increasing maintenance costs and performance 

failures that can require landscaping replacements.  Furthermore, if ammonia oxidizing bacteria 

enter the distribution system and become established in recycled water reservoirs, disinfection 
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residuals (chloramines) can be degraded and disinfection residual lost. For these reasons this 

study applied quantitative polymerase chain reaction to quantify removal efficiencies of bacteria 

and compare the numbers of total bacterial numbers as well as the ammonia oxidizing bacteria 

(AOB) from four different stages of a tertiary wastewater treatment plant secondary flow 

(equalization basin, before, after filtration and from the P11flow equalization  basin, after 

chlorination respectively) located in Southern California. The results showed sampling machine/

pump used to extract the water at any stage must be cleansed regularly.  This finding is based on 

the first 5 weeks of our samples that showed unexpectedly high CFU values, while the sampling 

was being carried out with a sampling machine, as opposed  to 9 later samplings when we used a 

sampling stick. Moreover, the plate counts and qPCR analysis across 18 weeks of samples 

indicated that the bacteria numbers as well as the log removal through the four stages varied 

largely from week to week, with the tertiary treatment log removal ranging from 1-5 logs. Also, 

the log removals across consecutive treatment stages, such as EQ-before filtration, before-after 

filtration, after filtration-after disinfection and before filtration-after disinfection were in the 

range of 0-3 logs, 1-2 logs, 1-7 logs and 1-5 logs respectively. 
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Chapter 1. MOTIVATION AND INTRODUCTION 

1.1 Motivation: Protection from waterborne microbial diseases has been historically achieved 

through a series of treatment processes one of which is disinfection. Traditional wastewater 

treatment is composed of primary treatment for solids, grease and oil removal, secondary or 

biological treatment for the oxidation of carbon compounds to CO2 and H2O. Wastewater 

disinfection or chlorination refers to a process of adding disinfectant into water as a method to 

kill or inactivate bacteria viruses, and protozoa of public health significance. The need to remove 

these types of organisms was recognized in drinking water, after the emergence of various 

diseases such as cholera, dysentery and typhoid in large-scale outbreaks (Snow, J, 1854). After 

investigation, it was realized that these diseases are a result of bacteria, virus or protozoa, which 

most commonly spread through water (Olivieri et al., 2014; Jiang et al., 2015). Ever since, the 

disinfection of drinking water is an inevitable part of society and life.  

 Even after centuries of discovering and implementing new disinfection techniques, the 

last decade has had various scientists and researchers checking the efficiency of this disinfection 

and ways to improve it. Various studies have undermined the concept of the effectiveness of the 

disinfection process and have suggested that the chlorinated water is rich in bacterial and viral 

populations (Hall, A.J et al., 2013; Swiss Federal Institute of Aquatic Science and Technology, 

2013).  

 This project is particularly inspired by a study that was conducted in Southern California 

and concluded that high concentrations of bacterial and viral particles were still present in the 

final effluent after chloramine disinfection, while both organisms were below the lower limit of 
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detection in the final effluent of the plant using free chlorine as its main disinfectant (Huang, Z. 

Et al., 2016). This study reassessed the disinfection efficiency at the same plan using two 

different techniques for verifying of the actual disinfection performance. 

1.2 Introduction: In modern times, with population growth, industrialization, urbanization; 

extreme water scarcity is emerging in many areas of the world. Because of this, many developed 

countries (including the US) are focusing on direct and indirect potable reuse of wastewater. The 

state of California has the Groundwater Replenishment System (GWRS) which is the largest 

indirect potable reuse system of the world (Harris-Lovett et al., 2015). As water conservation 

becomes more important, the expansion of ways to reuse treated wastewater increase. One of the 

most successful approaches has been the use of reclaimed water for irrigational purposes. To 

produce a sound water quality for recycled water, filtration after secondary treatment and 

disinfection are required by the state of California (Harris-Lovett et al., 2015). There have been 

several publications that have studied the effectiveness of the disinfection process. Many 

technologies such as the use of UV, ozone or altering certain steps of the conventional process 

have been shown to promote its performance (Gehr, R., et al., 2003; Yung, J., et al., 2008). On 

the other hand, the presence of recalcitrant contaminates, excess amounts of organic compounds, 

ferrous ions, nitrites, hydrogen sulfide etc exert a higher demand for oxidizing disinfectants than 

traditional potable water. These constituents can resul in interference with the disinfection 

process (Hall, A.J et al., 2013).     

 Total organic carbon has been seen to hinder the disinfection processes as well. Total 

organic carbon (TOC) varies dramatically among different water types with secondary treated 

wastewater having the highest concentrations. As can be seen by the Figure 1.2, the higher the 
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organic content and concentration of constituents mentioned earlier, the more difficult it becomes 

to reach breakpoint chlorination, the reason for which is discussed later in this section. 

Disinfection is thus dependent on combined residual chlorine only, which is a combination of 

monochloramine, organochloramines and chlorinated disinfection byproducts (Ward, A. 2013). 

The combined residual chlorine is much less effective in disinfection as compared to free 

chlorine; where monochloramine has sufficient killing properties, and organochloramines have 

no killing power resulting in reduced disinfection (Amy, G. et al. 2000). 

 The process of disinfection is more complex for tertiary waters and can sometimes be 

ineffective due to various constituents that can be present if storage allows algal growth, because 

certain amino acids can react faster with chlorine than the ammonium molecules in the water. As 

a result, over time the process of disinfection has been modified and made more advanced, to 

serve the demand of the changing waters. Breakpoint chlorination has been the backbone of an 

ideal (conventional) disinfection process due to its powerful oxidizing and biocidal properties in 

commercial application. The basic concept of which comes from the way chlorine reacts with 

pure water (Figure 1.1). When free chlorine reacts with pure water, hypochlorous acid and 

hydrochloric acid are released. Hypochlorous acid is one of the two forms of chlorine in a free 

chlorine residual. Afterwards, hypochlorous acid dissociates in water, forming hypochlorite ions. 

This reaction is pH dependent; and as pH is lowered, the equilibrium shifts, favoring the 

formation of hypochlorous acid (100 times more effective as a disinfectant than the hypochlorite 

ion) (Ward, A. 2013). Conversely, when pH is increased, the formation of the hypochlorite ion is 

preferred. Since there are no impurities in pure water for chlorine to react with, we expect the 

major chlorine residual to be equal to the amount of chlorine being added. For example, if we 
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add 2 mg/L of chlorine, the residual chlorine should be 2 mg/L as well (Fig. 1.1). Hence, there is 

a linear relationship between the amount of chlorine being added and the residual as can be seen 

from the plot in Figure 1.1. 

  

Figure 1.1 Reaction of chlorine with pure water  

  

 Surface and groundwaters contain impurities such as iron, manganese, nitrate and 

ammonia. These impurities can attach with other anthropogenic substances that can be present in 

groundwater as a result of natural decaying matter (such as pesticides, organic solvents, 

industrial compounds, pharmaceuticals, pathogens and microorganisms) and are collectively 

referred to as Natural Organic Matter (NOM). When chlorine is added to such water, (refer 

Figure 1.2) initially there is no residual chlorine since iron, manganese, nitrites, sulphites and 

other reducing compounds are oxidized by free chlorine. Once that demand has been met and 
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chlorine is continuously added, NOM and the ammonia are transformed to combined chlorine, 

which for the most part is monochloramine and organochloramines. This is also where 

trihalomethanes are formed due to the reaction with natural organic matter. The peak is where the 

chlorine to ammonia/nitrogen ratio reaches 5:1 (American Water College, 2017). As the 

concentration of chlorine being added increases, there is further reaction between the chlorine 

and the ammonia/nitrogen such that it destroys the residual till it bottoms out which is what we 

call the breakpoint (Figure. 1.2). After which, the residual has been reduced to its minimum. 

Beyond the breakpoint, the linear response or increase in the chlorine residual is observed and 

free chlorine is formed. However, there still remains combined chlorine with the free chlorine  

residual. After break point, about 85-90% of the chlorine residual remains in the form of free 

chlorine, either as hypochlorous acid or hypochlorite ion depending upon the pH (Amercian 

Water College, 2017).  

 Accordingly, secondary effluent from activated sludge that does not fully convert 

ammonia/ammonium ions to nitrate, contains high NOM, must be carefully monitored since the 

presence of disinfection inhibitors exist at a significant amount and are fluctuated. 
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Figure 1.2 Breakpoint chlorination curve 
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Chapter 2. HYPOTHESIS AND GOALS 

2.1 Hypothesis: Once the wastewater is discharged into the treatment facility, the treatment 

process results in very high doses of TOC (total organic carbons) and ammonia/ammonium ions 

(NH3 and NH4+)  in its waters, and addition of trickling filter waste to the flow equalization basin 

increases TOC. Without complete nitrification and denitrification processes, the combination of 

high TOC and high ammonia concentrations from increasing strength of influent remain in the 

secondary effluent for water reclamation and conservation purposes. The presence of high TOC, 

NH3 and NH4+ concentrations in the secondary effluent can lead to ineffective multiple log 

removal of microbes in the disinfection process. The standard for the State of California requires 

coliform removal after the disinfection process to be <2.2/100ml. At the study site, the sufficient 

amount of bleach was utilized with the TOC, NH3 and NH4+, and resulted in combined residual 

chlorine solely. 

 This inability to kill bacteria also suggests that viruses and protozoa may survive 

treatment.  Furthermore, the use of a flow equalization basin to meet high demand in summer 

months over a 24-hour period, can exacerbate the problem. Flow equalization can further 

increase contributions of organics from algal growth and deposition of fecal material by 

waterfowl, which can utilize these ponds when full. Also, increased ability of bacteria to grow in 

the system may result in more frequent growth of bacteria that foul irrigation equipment.   

 The hypothesis of this study is that high concentrations of organics (TOC), NH3 and 

NH4+ result in diminished killing power of bacteria, hence bacteria can be found in the tertiary 

effluent at the similar concentrations compared to before the disinfection process. 
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2.2 Goals: The purpose of the project is to test the efficiency of disinfection of the Chiquita 

wastewater treatment facility, and determine if there are certain elements related to the treatment 

process that might hinder the breakpoint chlorination process. 

The testing protocol included:  

2.2.1 Culturing bacteria from the water samples on R2A media to compare the bacterial growth 

(in log) in the four stages of the disinfection process as well as in various dilutions at the same 

stage. The results indicated the total viable bacterial cells in each sample. 

2.2.2 Quantification of the total bacteria numbers by DNA extraction and qPCR studies. There 

were a total of two primer and probe sets tested in this study, including total bacteria and 

ammonia oxidizing bacteria. The data provided the total cell number of each bacteria group (both 

live and dead cells) in order to be employed for analyzing the disinfection efficiency. 
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Chapter 3. Materials and Methods 

3.1 Environmental Samples 

Samples were collected from a domestic water reclamation plant (WRP) located in Southern 

California, 6 MGD Chiquita WRP (CWRP), Santa Margarita Water District, with mean dissolved 

oxygen (DO) concentrations of 0.87 ± 0.56mg/L, hydraulic retention time (HRT) of 4.86 ± 0.19 

h and solid retention time (SRT) of 4.27 ± 0.40 days respectively.  

Samples from the tertiary treatment system including the secondary effluent flow equalization 

basin, before filtration, after filtration and at the end of disinfection chamber. Each was collected 

in a sterilized 50 ml containers. 0.1 ml of 10% sodium thiosulphate was added to each of the 

sampling containers. The samples were stored on ice and were transported and analyzed within 

24 hr of collection. Figure 3.1 displays a schematic diagram of Chiquita WRP. 

3.2 Culture media and growth conditions for environmental samples 

All samples for bacterial counts were grown on R2A agar (Reasoner’s 2A agar: Difco, Sparks, 

MD). The agar was prepared according to manufacturer’s guide. 1:10 serial dilutions were 

prepared for each environmental sample using sterilized 1xPBS buffer, which is a water-based 

salt solution containing disodium hydrogen phosphate, sodium chloride, potassium chloride and 

potassium dihydrogen phosphate. A 0.1 mL were spread plated in triplicate, so at least one would 

be in countable range. After which, the petri plates were incubated at 25 °C for 48 hrs. The 
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colonies were counted and those between 30 – 300 per plate were recorded. After counting, the 

bacterial numbers were noted. The petri plates were sealed by paraffin and stored in a 4oC fridge.  

Figure 3.1 A schematic diagram of Chiquita WRP 

3.3 DNA extraction of pure culture and environmental samples  

DNA was extracted from pure cultures and environmental samples using the modified bead 

beating protocol (Yu and Mohn, 1999) modified by adding BSA to reduce interference during 

priming ( Wang et al., 2007) and again following Huang et al. (2010) to increase bead beatings. 

For environmental samples, DNA was extracted from 10.00 mL pure cultures for each replicate 

and the extraction was done as triplicates. Cell lysis was performed using cell disruption by 
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FastPrep®-24 (MP BiomedicalsTM, Irvine, CA) with 1.0 g of 0.1 mm glass disruption beads (rpi, 

Mount Prospect, IL)  in 1 mL volume of DNA extraction buffer (50 mM Tris–HCl pH 8.0 

(FISHER Scientific, Fairlawn, N.J.), 5 mM EDTA (FISHER Scientific, Fairlawn, N.J.), and 3% 

sodium dodecyl sulfate (FISHER Scientific, Fairlawn, N.J.) added to sludge pellet . The cell lysis 

was completed twice. Ammonium Acetate (FISHER Scientific, Fairlawn, NJ) was then added 

into the solution containing nucleic acids to obtain 2 M final concentration and the solutions 

were left on ice for 10 min.  The DNA extracts, each of them was washed with phenol/

chloroform/isoamyl alcohol (25:24:1) (FISHER Scientific, Fairlawn, NJ) followed by 

chloroform (FISHER Scientific, Fairlawn, NJ). After DNA purification, a 600 µL volume of 

isopropanol (FISHER Scientific, Fairlawn, NJ) was added for DNA precipitation at -20oC for an 

hour, after which the DNA was washed again with 70% ethanol (FISHER Scientific, Fairlawn, 

NJ) and air dried. A 50 µL volume of HPLC grade sterile water (FISHER Scientific, Fairlawn, 

N.J.) was added to the DNA. Then, the DNA extracts from first and second bead beading were 

combined. The DNA concentration and purity (A260/A280) were measured using nanodrop2000 

spectrophotometer. The environmental extracts were diluted at 1:50 and 1:100 dilutions for 

future qPCR analysis. The diluted and undiluted DNA samples were immediately stored until use 

at -80 oC, respectively. 

3.4 qPCR assays 

Primer and probe sets utilized in this study were displayed in table 3.1. The qPCR master 

mixture and protocol for each total bacteria qPCR and ammonia oxidizing bacteria (AOB) were 

followed Gelanaga, PB. (2010). 
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Table 3.1 (q) PCR primers used in this experiment. 

Target 
organism

Primers and 
probes 

Sequence 5’-3’ Melting 
temperature 

     (oC)

Annealing 
temperature 

      (oC)

Reference

Total bacteria

1055f ATGGCTGTCGTCAGCT 57.7 50 Lane, D.J. 1991

1392r ACGGGCGGTGTGT AC 58.9 50 Ferris et al., 1996

16STaq1115 CAACGAGCGCAACCC 63.0 50 Harms et al., 
2003

AOB 

AOB 16s F GAAGGAAAGCAGGGAT
CG

58.4 60 Hermansson and 
Lindgren 2001

AOB 16s R CAACTAGCTAATCAGR
CATCRGCCGCTC

59.0 60 Hermansson and 
Lindgren 2001

AOB probe CAACGAGCGCAACCC 63.0 50 Harms et al., 
2003
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Chapter 4. Results 

4.1 Plate counts 

 Two different sampling methodologies were assessed at the beginning of the experiment 

in order to select the most suitable sampling technique for the project. The samples from three 

locations were obtained using automatic sampling withdrawal tube and sampling stick. There 

was no automated sampling at the equalization basin location. Hence, there was only one type of 

data for the equalization basin location. The results were showed in Figure 4.1. All data showed 

that lower CFU counts were observed in samples using a sampling stick. The higher counts in 

the contamination existing in the automatic sampling tube appears to result in higher CFU. 

Accordingly, data presented in this study was obtained from a sampling stick, because of 

inaccuracies introduced by the automated sampling tube. This data also indicated the use of the 

automated sampling tube produced inflated CFU counts at all locations tested. When sampling 

sticks were implemented, a significant lower CFUs were observed in all three samples of a 1.79, 

1.87 and 4.43 log reduction for before filtration, after filtration and at the end of disinfection 

chamber, respectively. The mean CFU counts for all sampling events were 2.21 × 105, 5.37 × 

105, 3.20 × 105 and 5.89 × 103 CFU/ 100 mL for equalization basin, before/after filtration and 

after disinfection, respectively (Figure 4.2). Compared to the mean CFUs from all sampling 

events for each location in Figure 4.2, the similar trend compared to Figure 4.1. Moreover, the 

mean CFU/ 100mL after disinfection basin for all sampling events were 2 log lower than before 

disinfection/after filtration process after sampling stick was used (Figure 4.2).  
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Figure 4.1 Plate counts between sampling device and sampling stick 

The average colonies observed from equalization basin, before filtration, after filtration, after 

disinfection were displayed in Figure 4.2 at 2.21 × 105, 5.37 × 105, 3.20 × 105 and 5.89 × 103 

CFU/ 100 ml, respectively. 
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Figure 4.2 Mean bacteria numbers from all samples (CFU).  

4.2 Log removal of plate count data between each process  

 The log changes between two consecutive processes were reported in Figure 4.3. There 

was no remarkable log removal observed between equalization basin and before filtration 

chamber as well as between before and after filtration processes. The efficiency of the 

disinfection process at the study site was found to vary. The plate counts obtained from after 

filtration and after disinfection processes from each sampling event are presented in Figure 4.4 

and Figure 4.5 for fine analysis of the disinfection effectiveness at the study site. The data 

showed most after filtration processes had higher plate counts as compared to the plate counts 
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from after the disinfection process with the maximum log removal of 4.79. There were three 

sampling events (Aug 8, Aug 30 and Dec 18, 2017: 1st, 3rd and 13th sampling event, 

respectively) in which plate counts data were higher in the after disinfection samples at 0.89, 

0.16 and 0.24 logs for Aug 8, Aug 30 and Dec 18, 2017, respectively. The log removals were 

observed at the higher value between 9th - 11th sampling events (Oct 16 to Oct 30, 2017) ranged 

4.05 to 4.79 log removals. 

Figure 4.3 The log removal across the four sampling locations.  
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Figure 4.4 Comparison of bacteria log removal between after filtration and after the disinfection 

(P11) process.  

  

 Figure 4.4 is a sub-part of Figure 4.3, showcasing the log removal only between after 

filtration and after disinfection, since it was the stage where maximum log reduction was 

observed. The log reduction was found to range from 0 to 4 log removal. Figure 4.5 showcases 

the same log reduction in a 3D chart format for better understanding.  
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Figure 4.5 3D stacked column graph comparing bacterial log removal at P11 (after chlorination) 

with respect to after filtration  

4.3 qPCR for total bacteria and ammonia oxidizing bacteria 

 Total bacteria abundance assessed using qPCR for each sampling location is shown in 

Figure 4.6 and 4.7. The bacterial cell concentrations of samples taken from equalization basin, 

after filtration and after disinfection varied at the same range with mean ± standard deviation of 

6.35x109 ± 9.96x109, 7.22x109 ± 1.28x1010, 2.88x109 ± 1.67x109 cells/L respectively. The total 

bacterial concentrations of before filtration process was fluctuated to a much larger degree before 

there was a spike of 1.33 x1014 cells/L observed on October 16, 2017 (Figure 4.7). The remaining 

total bacterial cell concentrations from before filtration process were in the same range of all 
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other sampling locations. There was no significant difference of the qPCR mean total bacterial 

cell concentrations among all samples using t-test (P > 0.05). However, the variance among all 

samples were significantly different (P < 0.05), except data between equalization basin and after 

filtration process (P > 0.05) using f-test. Comparing the total bacterial abundance data and plate 

counts, both data sets did not demonstrate similar trend since qPCR total bacterial number 

including both viable and nonviable cells. Also, the statistical analysis showed statistical 

difference between plate counts and total bacterial qPCR data (P < 0.05) for all samples with 

plate counts being a lower concentration.  

Figure 4.6 Total bacterial cell concentrations of from equalization basin, after filtration and after 

disinfection processes. 
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Figure 4.7 total bacterial cell concentrations of from equalization basin, before filtration, after 

filtration and after disinfection processes. 

  

In Figure 4.6, we note that there are cycles shown over time, with the flow equalization basin and 

the after filtration samples showing similar trends. However, even these do not show totally 

overlapping patterns.  The after disinfection CFU are lower than the other two locations during 

peaks in bacterial occurrence, but also remain above the other locations lowest values.  This is 

likely due to the input of bacteria associated with the biofilm on the side walls reentering the 

main disinfection channel. The same investigation using qPCR was performed to assess 

ammonia oxidizing bacteria (AOB) abundance in Fig. 4.8.  
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Figure 4.8 ammonia oxidizing bacteria (AOB) cell concentrations from equalization basin, 

before filtration, after filtration and after chlorination.   

 We have established that AOB are present throughout the process.  It is also clear that as 

temperature falls, the AOB increase in the flow equalization basin, this suggests that in 

December, trickling filter was emptied into the basin or the reduction in temperature favored 

growth (Figure 4.8). 
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Chapter 5. Discussion 

 The various techniques used in this project, such as bacterial culture and quantification by 

manual counting, DNA extraction and quantitative Polymerase Chain Reaction (qPCR) methods 

display their ability and potential to analyze the efficiency of disinfection in the water treatment 

process. It also indicates that minor changes in the treatment process can adversely affect the 

quality of the treated water. Hence, regular monitoring and regulation at every stage of the 

disinfection process is necessary to maintain the public health and efficient recycling operations. 

Also, the need of the hour is not only to improve the currently existing treatment technologies, 

but also look for alternative treatment technologies which are efficient, as well as low energy 

consuming. When considering an alternate filtration technology, it is very important for the 

utilities to check its appropriateness to the water being treated.  

 Various filtration technologies such as Cloth filters, Non-Granulated Media filters and 

Non-Polymeric Membrane filters have been part of the recently accepted alternative filtration 

technologies (California water boards, 2014). Chlorine disinfection was a milestone in 

wastewater disinfection technology (Lazarova, V., et al., 1999); with lots of discoveries such as 

suspended solids did not inhibit bacterial inactivation by chlorine, implying that chlorine is 

capable of penetrating macroporous network of pathways within wastewater particles (Dietrich 

et al., 2003). Further, free chlorine disinfection, also known as the sequential chlorination has 

been conditionally implemented. It applies free chlorine and chloramine in sequence; as a result 

it not only efficiently kills bacterial and viral targets, but also minimizes the formation of 

trihalomethane (THM) and N-nitrosodimethylamine (NDMA) (Zhang, Y., et al. 2015).  
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 The use of UV (ultraviolet light) and ozone as strong disinfectants is growing in 

popularity in the last decade. UV technology uses ultraviolet radiation to inactivate bacteria. 

However, it was reported that attached or embedded bacteria have shown increased resistance to 

UV inactivation (Winward et al., 2008) and hence the efficacy of UV disinfection of wastewaters 

was linked to both the size of the particles and the turbidity in wastewaters (Cantwell and 

Hofmann, 2008) which was a disadvantage. Thus, a study of the synergistic effect of UV and 

chlorine was conducted and revealed that this combined technology overcomes the limitations of 

the two technologies, if implemented individually (Wang, X., et al., 2012).   

 Pasteurization is another impressive disinfection technique which has proved to achieve a 

4-log kill in MS2 coliphate in specific conditions (California water boards, 2014). It is not only a 

chemical-free technology, but can also help in generating renewable energy and hence has been 

certified as a ‘Sustainable wastewater disinfection technology’. Moreover, this technique can be 

implemented by the use of solar heat at places with adequate sunlight (Safapour, N. And 

Medcalf, R.H., 1999). For example, the process which is ongoing in California towns of Graton 

and Ventura county, can process over 500,000 gallons of wastewater, reducing the energy costs 

by half (Salvason, A., 2012).  

 Currently microbial quality is not considered in recycled water, except for coliform 

removal.  In recycled water coliform kill or absence acts as the surrogate for pathogen removal.  

However, the variety of disinfection techniques mentioned above show the importance of both 

viral and protozoan removal which are not considered due to use being confined to landscape 

irrigation.   

    �23

https://www.sciencedirect.com/science/article/pii/S0043135411007998#bib23


 The effectiveness of disinfection in this system is challenged by the issue of adding 

trickling filter effluent to the flow equalization pond.  The practice has been used in months 

when the demand for recycled water is high and trickling filter effluent water serves as a 

supplemental source.  This water brings a higher nitrogen loading and high TOC.  The increase 

in TOC from a high of 12 to near 20 mg/L makes breakpoint disinfection impossible and 

promotes the possibility that organic chloramines are formed.  While these compounds record as 

a combined chlorine residual, in reality they have no ability to kill bacteria or other 

microorganisms.  The study showed that filtration does remove some bacteria, but in reality less 

than 3 logs and therefore, bacteria are introduced into the disinfection chamber as is expected. 

However the lowered disinfection efficiency due to the high levels of TOC and formation of less 

effective combined chlorine residuals such as organic chloramines means bacteria are more 

likely to survive disinfection.  The water quality questions in recycled waters with high loads of 

bacteria and carbon are bacterial regrowth can occur, loss of chloramine disinfection as AOB 

recolonize the system and increased turbidity which reduces irrigation efficiency requiring more 

maintenance.  Furthermore, devices that create ease of sampling and reduce the accuracy of data 

complicate analysis and maintenance requirements.  The reliance on a single measure such as 

coliform should be reassessed as the state of California focuses on reduction of carbon dioxide 

emissions into the atmosphere as part of it water programs. 
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