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ABSTRACT 

Effect of Soil Passage and Ozonation on Dissolved Organic Carbon and Microbial 

Quantification in Wastewater  

Elaf Ali Ahmed  

Water quality data are presented from a laboratory bench scale soil columns study, to 

simulate an aquifer recharge system injected with MBR wastewater effluent. This study 

investigates the effect of soil filtration and ozonation on the dissolved organic carbon and 

bacterial count in the wastewater. Flow Cytometry was used to quantify microorganisms 

in water samples. Other analytical tests were conducted as well, such as seven anions, 

fluorescence spectroscopy (FEEM), ultraviolet absorption (UV 254 nm) and dissolved 

organic carbon measurement (DOC). Influent in this study was injected into two identical 

soil columns. One of the columns was injected with treated wastewater combined with 

ozonation called SC1, The second column was injected with treated wastewater only and 

called SC2. Passing the wastewater through a deeper depth in the soil column showed a 

reduction in the DOC concentration. Removal of DOC was 53.7 % in SC1 and 53.8 % in 

SC2. UV 254 nm results demonstrated that the majority of the UV absorbing compounds 

were removed after the first 30 cm in the soil columns. FEEM results revealed that soil 

column treatment only doesn't remove humic-like and fulvic-like substances. However, 

combining soil column treatment with ozonation was capable of removing humic-like, 

fulvic-like and protein-like substances from the wastewater. Flow Cytometry results 

showed a bacteria removal of 52.5 %-89.5 % in SC1 which was higher than SC2 removal  

of 29.1 %-56.5 %. 
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1. Introduction 

It is known that ground water recharge of treated wastewater has been used for many 

years in places where water resources are scarce and water recovery is required 

(Rittmann, McCarty et al. 1980). Soil aquifer treatment (SAT) of treated effluent involves 

infiltration through soil layers intermittently. By passing the water through the 

unsaturated zone, nutrients and pathogens are reduced  (Dillon 2005). 

Soil aquifer treatment (SAT) provides final purification of the reclaimed water and is 

considered a sustainable, effective and economic method of organic matter removal (Fox, 

Aboshanp et al. 2005, Xuan, Xuzhou et al. 2009, Zhang, Zhao et al. 2012). The removal 

of organic matter in soil aquifer is mainly due to biodegradation (Quanrud, Hafer et al. 

2003, Zhang, Zhao et al. 2012). Therefore, the microbial community has an essential role 

in reducing organic matter in water treated by SAT (Zhang, Zhao et al. 2012) .  

Studies have shown that organic matter removal and bacteria cell counts have a strong 

positive correlation during the infiltration of water through the soil. This indicates the 

major role of biodegradation in the purification process (Rauch and Drewes 2005, 

Kolehmainen, Langwaldt et al. 2007). 

Prior to injecting the wastewater into the soil for filtration, the water should go through 

secondary and possibly advanced treatment, and it should be with a low total organic 

carbon (TOC) in a range between 1-4 mg/l (Rittmann, McCarty et al. 1980). 

It is important that the injected wastewater is well treated, otherwise it may cause 

clogging in the system. Therefore, reverse osmosis or nano-filtration has been  
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recommended before passing the wastewater  through the soil (Xuan, Xuzhou et al. 

2009). 

 Clogging of the soil surface will result in reduction in the infiltration which is considered 

as a major problem in all artificial recharge systems. Pretreatment of the water will 

reduce suspended solids, nutrients, and organic carbon. However, even when these 

substances are mostly removed from the water, clogging is still likely to occur from time 

to time due to the microbial growth in the soil (Bouwer 2002). 

Many  studies have shown that the concentration of  total organic carbon (TOC) in 

wastewater effluent decreases significantly during SAT as shown in Table 1 (Quanrud, 

Hafer et al. 2003). 

Table 1: Reduction of TOC in the wastewater effluent during 

 SAT (Quanrud, Hafer et al. 2003). 

 

Some bacteria and viruses found in groundwater are considered as a health hazard as 

evidenced by the large number of outbreaks of water-borne diseases caused by 

contaminated groundwater (Yavuz Corapcioglu and Haridas 1984). Environmental 

recharge systems have high surface area and low nutrient content. Thus, the top surface 
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of the system reflects most of the microbial growth (Crane and Moore 1984). 

Biodegradation and adsorption are two dominant processes in the soil aquifer treatment 

that affect the bacterial removal and reduction. The surface of the soil plays a major role 

in reducing the bacteria concentration in infiltrating liquids (Crane and Moore 1984). 

 

A laboratory study conducted by Rittmann and McCarty claimed that the biofilm 

reactions and presence in the soil depend on the concentration of organics removed by the 

advanced treatment for the effluent (Rittmann, McCarty et al. 1980). 

A few factors that affect the velocity and quantity of bacterial passage through the soil 

can be classified as: 

(1) soil physical characteristic, such as texture, organic matter content, particle size 

distribution, structure, clay content and pore size distribution (Crane and Moore 

1984). 

(2) soil environmental and chemical factors responsible for bacterial die-off such as 

pH, temperature, moisture content, and nutrient supply, soil water flux, nature of 

organic matter in wastewater effluents such as concentration and size (Crane and 

Moore 1984). 

Ozonation is a chemical process that uses dissolved ozone gas for the purpose of water 

treatment. Ozone is an oxidizing agent for the organic compounds that cause odor and 

taste in the water, and it is also important in disinfection of water due to its strong effect 

against bacteria and viruses and removal of cysts and eggs (Paraskeva and Graham 2002). 

In water treatment, ozone can be used in many treatment process to enhance biological 

processes and micro-flocculation, iron and manganese removal, degradation of pesticides 
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and other micro-pollutants (Paraskeva and Graham 2002). This process of treatment is 

usually combined with other different water treatment processes to produce bio-stable 

water.  

A study was conducted using a laboratory-scale soil aquifer treatment (SAT) system, 

wastewater after ozonation was used as the feed water for the soil column. As a result for 

this study 60% of the dissolved organic carbon was removed by the vadose layer of the 

soil. The biomass content in the soil declined from the vadose zone to the saturated 

aquifer. The results demonstrated that organic carbon is a limiting factor for microbial 

residence (Zhang, Zhao et al. 2012, Liu, Lut et al. 2013). 

It is required to eliminate dissolved organic carbon, pathogens and Degradable trace 

organic pollutants to produce bio-stable and high quality water that can be used for 

multiple applications (Grünheid, Amy et al. 2005). 

In treated effluents, only the quantification of faecal indicators like Escherichia coli, total 

coliforms, streptococci, etc. is generally considered, and disinfection is applied to the 

water .There are many ways to quantify bacteria in the water, several investigations have 

been presented in the literature on the microbiology of influent/effluent in wastewater 

(Foladori, Bruni et al. 2010) but most of these methods require a long time for 

quantification. Quantification of bacteria is often based on observations under the 

microscope which requires several hours to quantify bacteria in each sample (Foladori, 

Bruni et al. 2010).  

For this reason Flow Cytometry has been used in different studies for rapid and accurate 

measurements. Flow Cytometry is capable of counting more than 1000 cells per second. 

It is a powerful single-cell analysis that can provide a direct, rapid (few minutes) and 
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accurate counting for bacterial cells and analyze dozens of samples per day (Foladori, 

Bruni et al. 2010) .  

A study conducted in 2006 quantified viable and dead bacterial cells, using Flow 

Cytometry (FCM). The fluorescent dyes used in staining the bacteria are SYBR-Green I 

and Propidium Iodide (to discriminate viable and dead cells). The advantage of using 

Flow Cytometry (FCM) with fluorescent dyes is to get rapid quantification of viable or 

dead cells in the bacterial suspensions (Foladori, Bruni et al. 2010). 

SYBR-Green I has the ability to stain all cells, but because of the polarity of PI it will 

only stain the dead cells with damaged membranes (Ziglio et al., 2002). 

SYBR-Green is a nucleic acid stain that crosses the plasma membrane, while PI can only 

stain the nuclei of cell with damaged plasma membrane. Excitation for both fluorophores 

occurs at 488 nm (a laser wavelength commonly used in flow cytometers), the emission 

spectra of SYBR-green is 525 nm, and the emission spectra of PI is 610 nm (Daly and 

Tiersch 2012) .    

The objective of this study was to compare two bench-scale soil columns, and evaluate 

pre-ozonated, non ozonated and post-ozonated effluents in term of dissolved organic 

carbon and microbial removals. Both soil columns were operated at the same conditions.  

The influent for one of the columns was treated with ozonation, and the effluent water 

qualities of both systems were compared. Occasional effluent samples from both systems 

were ozonated, to assess the pre- and post-ozonation treatment methods, in combination 

with soil filtration. Other various water quality parameters were also measured in this 

work. 
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2.  Materials and Methods  

2.1 Bench scale Soil column description and influent preparation: 

In our experiment, two identical soil columns were used (SC1 and SC2) to simulate an 

aquifer recharge system to remove organic micro pollutant and dissolved organic carbon 

from wastewater. 

 The used wastewater source is KAUST wastewater MBR effluent. The wastewater was 

pre-filtered through glass fiber filters (Whatman, catalog# 1827044, glass microfiber 

filters) to prevent clogging. Four liters size amber glass bottles were used to contain the 

influent. 

SC1 was fed with ozonated MBR effluent. SC2 was fed with a non-ozonated MBR 

effluent (control). 

2.1.1   SC1 influent preparation: 

To prepare SC1 influent, 3.5L of MBR effluent was pre-filtered, 200 ml of prepared 

substrate and chemicals for SC1 were added, 200 uL of organic micro pollutant (OMP) 

and 2 ml of trace metals with the addition of 250 ml of ozonated water. 

2.1.2   SC2 influent preparation: 

To prepare SC2 influent, 3.8L of MBR effluent was pre-filtered, 200 ml of prepared 

substrate and chemicals, 200 uL of (OMP) and 2 ml of trace metals were added. 
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2.2 Preparation of substrate and chemicals: 

Below is the list of substrate and chemicals (S&C) and their concentrations, used in the 

preparation of the soil column influents as shown in Tables 2 and 3.The substrate and 

chemicals created for SC1 were mixed with one liter of pre-filtered KWW-MBR effluent 

water (referred to as S&C-KWW). In the other hand, S&C for SC2 were mixed with one 

liter of ultrapure water to make up the dilution in SC1 influent. S&C were usually 

prepared every two weeks. 

The list of trace metals added and their concentrations (mg/l) are shown in Table 4, which 

was prepared in Milli-Q water at the beginning of the study and was used throughout the 

whole experiment period. 

Table 2:  Chemical compounds added to the influent. 

mg/L Chemical compounds 

91.7 Urea 

12.8 NH4CL 

79.4 Na-acetate 

17.4 peptone 

29.0 MgHPO4.3H2O 

23.4 KH2PO4 

5.8 FeSO4.7H2O 

121.5 CaCl2.2H2O 

72.0 MgSO4 
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Table 3: Substrate components added to the influent. 

mg/L Substrate components 

122.0 starch 

116.2 Milk powder 

52.2 yeast 

29.0 uL Soy oil 

 

Table 4: Trace metals added to the influent. 

mg/L Trace metals 

77 Cr(NO3)3.9H2O 

53.6 CuCl2.2H2O 

10.8 MnSO4.H2O 

33.6 NiSO4.6H2O 

10 PbCl2 

20.8 ZnCl2 

 

 2.3 Organic micro-pollutants (OMP): 

Thirty-six OMPs, listed in Table 5, were used to spike the influent for both systems. They 

were prepared in Milli-Q, at a stock concentration of 10 mg/l for each chemical. This 

stock was diluted into each system’s feed to result in an influent concentration of 500 ng/l 

in the 4 litter influent bottle.  
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Table 5: Organic micro pollutant 

 

2.4 Ozonation: 

To ozonate water which is needed for SC1 influent, ultrapure water at a temperature of   

3   C was used. The water was poured into the ozone conductor, the temperature should be 

in the range of 2-3   C, and to maintain this range of temperature the ozone conductor was 

placed in an ice-bath.  

The ozone gas was generated by a LAB2B generator, fed with 99.99% oxygen. The 

ozone conductor should be connected to another flask containing potassium iodide 
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dissolved in water to absorb all the excess ozone. The targeted aqueous ozone 

concentration was 32 ±3 mg L-1 reached in about 30 minutes.   

Aqueous ozone concentration was determined by the indigo colorimetric method 

(Standard Method 4500-O3) (Bader and Hoigné 1981). 

After about 30 minutes had passed, a quick measurement of the ozone concentration in 

the water should be performed by UV at a wave length of 258nm (DR 5000 UV-Vis 

Spectrophotometer, HACH). This UV-258 nm absorbance value was then used to quickly 

confirm equal aqueous ozone concentrations in all subsequent stock creations.   

Measuring ozone concentration should be done as rapidly as possible to obtain the correct 

concentration, due to the fast escaping of ozone gas.   

Once the dissolved ozone concentration was reached, 250 ml of the ozonated water was 

poured into the SC1 influent in the 4 liter Amber glass bottles. Bottles should be closed 

than shaken quickly prior to placing on a stirring plate with a magnet inside the bottle that 

will increase the stirring process. The reaction between the influent water and the 

ozonated water occurs on a range between several seconds to few minutes. Stirring for 

the ozonated influent should be applied for a period of time to ensure that all the influent 

wastewater was mixed with the ozonated water. 
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2.5 Injecting the influent into the soil columns 

After preparing the influent for each soil column, the influents were pumped from each 

bottle into their own column and passed through the column until reaching the end point, 

and the treated water was discharged out of the column. To prevent the influents from 

degradation the water bottles were placed in a mini-fridge 4   C to keep the influents fresh 

and protected. 

 

Figure 1: Soil columns set up  

The flow rate of the water through the column was in on average of 0.7 ml/min (±0.13). 

Frequent flow check was performed to confirm that the flow rate was stable. From time 

to time a decrease in the flow rate was observed, due to the effect of clogging in the 

columns or the algae and bacterial growth in the columns, but with some maintenance 

such as back washing for the columns or air scouring for the tubes, the flow remained 

relatively constant throughout the operation. 



23 
 

2.5.1   Sample collection                                      

In the two soil column systems, SC1 and SC2, there are several ports used to collect 

samples as a function of depth, these ports are called sampling ports (SP). Three sampling 

ports were used SP1, SP2 and SP4. SP1 was the first collection port after the influent 

injection which was 30 cm in depth, SP2 was 60 cm in depth, and SP4 was the last 

sampling port in 120 cm in depth. 

 Water from different sampling ports was collected. Also samples were collected from 

each soil column influent bottle. The collected samples were about 150 ml, these samples 

kept in a 4   C refrigerator to maintain the stability of the samples and prevent them from 

degradation. 

2.6   Water quality tests 

2.6.1   pH 

PH of the water samples was measured monthly using a Cyberscan  PH 6000, each time 

it was used a calibration for the instrument was done using the calibration solution 

).pH 7.00 buffer solution ,ECBU7BT catalog #Thermo Scientific, ( 

2.6.2   Turbidity 

Turbidity measurement was conducted frequently on the water samples using a 2100Q 

portable Turbidity meter. 

2.6.3   Dissolved oxygen (DO) 

Influent and effluent dissolved oxygen was periodically measured for both SC1 and SC2 

using (CellOx 325, Dissolved Oxygen meter).  
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2.7 Analytical tests: 

2.7.1   Flow Cytometery  

, this instrument BD Accuri™ C6 a gytometry analysis was conducted usinA Flow C

comes with sampling files each file has 94 wells to inject the sample in them. Cleaning is 

performed prior to using the instrument with detergent, soap, Milli-Q and beads (as a 

control). 

To prepare the samples for the analysis, 70 uL of each sample is placed in mini tube with 

630 uL of Milli-Q. Following this, samples are vortexed and placed in a 35   C water bath 

for 10 minutes, then 7 uL of staining are added into the tubes and vortexed for mixing, 

and then placed in a water bath 35   C for another 10 minutes. After that, 200 uL of each 

sample is taken out of the tube and placed in a sampling well in the file. Two stains were 

used in the analysis, SYBER Green (SG) is the first stain and it is used to detect the total 

number of bacteria in the sample. SYBER Green and Propidum Iodide (SG+PI) were 

mixed together and used as another stain to indicate the number of vital and damaged 

cells. 

2.7.2   Ultraviolet Absorption (UV 254nm) 

-2550 | UV-Shimadzu UVabsorbance was conducted using a  Violet-Ultra

in the water  at a wave length of 254 nm to quantify the aromaticity VisSpectrophotometer

samples. A zero absorbance standard was established with ultrapure water (Milli-Q). 
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Waste water should be filtered prior to UV analysis with 0.45 um cellulose nitrate filters 

(Whatman, Catalog # 10400012) and a quartz cell with path length of 1 cm was used for 

all samples. 

2.7.3   Dissolved organic carbon (DOC) 

To measure the dissolved organic carbon in the samples a TOC-V CPH Total Organic 

Carbon Analyzer (Shimadzu, Kyoto, Japan) was used with a calibration of five points 

between 0.5 ppm to 7.5 ppm of organic carbon using a 1000 mg L-1 stock (Ultra 

Scientific, North Kingstown, USA). Total nitrogen TN was also measured with a 

calibration of seven points between 0.5 ppm to 15 ppm of nitrogen using 1000 mg/l TN 

stock. Samples final values were based on an average of 3-4 injections. Prior to the 

analysis samples were filtered through 0.45um filters.  

2.7.4   Ion Chromatography (IC) 

In this test identification and quantification of seven anions in the samples is performed. 

The A ICS-1600 ion chromatography Dionex system with AS-DV Auto-sampler was 

used (Thermo Scientific, Riyadh, Saudi Arabia). The seven anions detected in this 

analysis are fluoride, chloride, bromide, nitrite, sulfate, phosphate and nitrate.  

Samples were injected through a 250 mm IonPac AS15/AG15 column (Thermo 

Scientific) at 0.4 mL min-1 with a pressure of approximately 2000 psi. The attached 

RFC-30 Reagent-Free Controller (Thermo Scientific) was used to automatically generate 

a potassium hydroxide buffer gradient that increased from 30.00 mM to 40.00 mM over 

12 minutes during that duration. 
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Fresh PolyVials and Filter Caps (Thermo Scientific) were used for each sample. The 

seven anions were calibrated to a six-point range using the Seven Anion Standard II 

). The calibration was ran each time and adjusted DX057590 (Thermo Scientific, catalog#

for any changes at (ions) retention time.  

Table 6: Ion Chromatography anions calibration range 

Calibration Range mg/L Anions 

0.002 – 10.0 Fluoride 

0.01 – 50.0 Chloride 

0.01 – 50.0 Nitrite 

0.01 – 50.0 Nitrate 

0.01 – 50.0 Sulfate 

0.01 – 50.0 Bromide 

0.02 – 100.0 Phosphate 

 

2.7.5   Fluorescence (FEEM) 

A FluoroMax-4 spectrofluorometer (Horiba, Kyoto, Japan) was used to generate three-

dimensional fluorescence excitation-emission matrices (FEEMs). The excitation range 

was 240 nm to 500 nm, and the emission range was 290 nm to 600 nm, water samples 

were previously filtered through 0.45 μm filters. 
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 Contour Images were created by measuring the fluorescence emission spectra of a water 

sample at an offset of the emission wavelength minus the excitation wavelength. Each 

EEM is a composite of emission scans from a single sample recorded at incrementing 

excitation wavelengths (Henderson, Baker et al. 2009).  
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3.   Results and Discussion 

3.1   Water quality tests 

It is very important to know the water quality and the characterization of the water. 

Therefore, other tests were applied such as PH measurements, Dissolved Oxygen and 

turbidity, as shown in Table 7. 

Table 7: Average and standard deviation of pH, Turbidity and dissolved oxygen. 

Sc2-effluent Sc2-influent Sc1-effluent Sc1-influent Sample 

7.0  (±0.08) 7.2  (±0.29) 6.9 (±0.17) 7.1 (±0.06) pH 

0.3  (±0.08) 1.8  (±0.59) 0.2 (±0.06) 0.9  (±0.64) 
Turbidity 

(NTU) 

0.9 (±1.49) 7.3 (±1.49) 3.0 (±0.52) 10.2 (± 2.04) 
Dissolved 

oxygen (mg/l) 

 

It was noticed that the pH for MBR effluent was always consistent from November 2012-

March 2913 of neutral pH in the range of 6.9 -7.2, and the pH for this water also didn’t 

change significantly during or after soil column treatment. 

Turbidity for the water was measured for the influent and effluent. The turbidity 

measurements always indicated low results for both effluent and influent. But the influent 

of both columns always showed higher results than the effluent. SC1 influent was less 

than the influent for SC2 and this occurs due to the ozonation effect in SC1 influent that 

participated in decreasing the turbidity.  

Dissolved oxygen (DO) was measured, data indicate that SC1 influent always had the 

highest dissolved oxygen results, with an average of 12.5 mg/l Oxygen, while SC2 

influent had an average of 8.8 mg/l. These results show that ozonation increased the 

dissolved oxygen level in the water. 
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3.2   Dissolved Organic Carbon and Total Nitrogen 

3.2.1   System variations 

Dissolved organic carbon was measured in both systems before and after the soil column. 

Measurements were conducted weekly from November 2012-March 2013, and the results 

showed that the influent for both systems SC1 and SC2 had higher dissolved organic 

carbon content than the effluent, as shown in Figure 2. Table 8 demonstrates the average 

DOC of influents and effluents in both systems. The average of total nitrogen in influent 

and effluent for both systems was measured as well. Results also show higher total 

nitrogen concentration in the influent compared to the effluent in both SC1 and SC2 as 

shown in Table 9. After five months of observation for both systems, it was always found 

that SC2 influent has higher DOC and TN concentration compared to SC1 influent. This 

was due to the effect of ozonation on SC1 influent which reduced the concentration of 

dissolved organic carbon and total nitrogen in the waste water. 

Table 8: Average and standard deviation for DOC concentration 

Average DOC ( mg/l) Sample 

3.1 (±0.75) SC1 – influent 

1.4 (±0.17) SC1- effluent 

3.3 (±0.69) SC2- influent 

1.6 (±0.45) SC2- effluent 

 

However, in some weeks the DOC analysis showed lower results than the usual trend 

where the error was higher in these weeks possibly due to degradation of prepared 

substrate and chemicals. For this reason a mini experiment was conducted to confirm the 

degradation effect that may occur in the influent bottle from the preparation day until the 
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last day of feeding. In this experiment 500ml of the same influent injected into SC2 

column was collected. For four days in a row, samples were taken from the bottle and 

DOC was measured daily, it was found that due to natural degradation in the influent, a 

degradation of a minimum 30% and a maximum of 32 % occurred in the influent bottle 

from the first day until the 3rd day from preparation. 

Table 9: Average and standard deviation for TN concentration 

Average TN ( mg/l) sample 

16.5(±1.9) SC1 - influent 

14.4(±1.8) SC1- effluent 

16.9(±1.7) SC2- influent 

13.5(±2.4) SC2- effluent 

 

 

Figure 2: Dissolved organic carbon in both systems influent and effluent  
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3.2.2   DOC reduction during soil column passage and ozonation effects 

In both soil columns used, each column has four sampling ports, a sample from each port 

was collected, and a sample of the influent was also collected to test and to compare the 

results before the treatment (influent), during treatment (SP1and SP2) and after treatment 

(SP4), which represent the effluent. From the calculated data in Tables 10 and 11, it was 

clear that the concentrations of DOC and TN are at the highest levels in the influent for 

both systems, gradually decreasing while the water is being treated by passage through 

the soil until it reaches the lowest level in the effluent (SP4). 

 Table 10: Average and standard deviation for DOC concentration in different 

sampling ports for both systems 

Sc2 Sc1 Sample 

3.39 mg/l  (±0.69) 3.12 mg/l  (±0.75) Influent 

1.78 mg/l  (±0.49) 1.73  mg/l (±0.26) SP1 

1.72 mg/l (±0.51) 1.65 mg/l  (±0.23) SP2 

1.57 mg/l  (±0.45) 1.44 mg/l (±0.17) SP4 

 

Table 11: Average and stander deviation for total Nitrogen TN concentration in 

different sampling ports for both systems 

Sc2 Sc1 Sample 

16.99 mg/l  (±1.7) 16.54 mg/l  (±1.90) Influent 

15.32 mg/l  (±1.9) 15.90 mg/l    (±1.52) SP1 

14.73 mg/l  (±1.3) 15.90 mg/l  (±1.97) SP2 

13.55 mg/l  (±2.4) 14.42 mg/l  (±1.83) SP4 
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From these results, DOC and TN removal percentages were calculated in both systems as 

shown in Table 12. The DOC removal results showed that the final sampling port (SP4) 

had the highest DOC removal percentage of 53.69% in SC1and 53.75 % in SC2, while 

the first sampling port (SP1) had the lowest DOC removal percentage of 44.29% in SC1 

and 47.54% in SC2. Figures 3 and 4 explain this by showing the maximum, minimum 

and median for both SC1 and SC2. Figure 3 shows the influent DOC for SC1, with a 

median of 3.1 mg/l and how it gradually decrease until it reaches the lowest value of 1.4 

mg/l in SP4. In the other hand, Figure 4 represents the DOC for SC2, with an influent 

median of 3.3 mg/l and an effluent of 1.5 mg/l.  

From these results it was concluded that with passing the water through the soil column 

into a deeper depth in the soil, the water will be better treated. Also, the DOC for KAUST 

MBR effluent was measured from time to time without adding substrate and chemicals, 

showing an average DOC of 1.28 mg/l (± 0.30). 

Table 12: The removal percentage of DOC for each port in both systems SC1 and SC2 

Sc2 Sc1 Sample 

53.75 % 53.69 % SP4 

49.27 % 46.81 % SP2 

47.54 % 44.29 % SP1 
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Figure 3: DOC boxplot for SC1 

 

Figure 4: DOC boxplot for SC2 

The results for the Total Nitrogen in both systems, as shown in Figures 5 and 6, were 

very consistent. And the Total Nitrogen concentration in SC1 and SC2 was very close. 

This is attributed to the negligible effect of ozonation on the nitrogen level in the waste 

water.   
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Figure 5: Total Nitrogen in SC1 influent and different ports. 

 

 

Figure 6: Total Nitrogen in SC2 influent and different ports. 
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3.3   UV 254 nm 

UV absorption at 254 nm was measured for the samples at various column depths and for 

the influent samples as well. UV absorbance at this wavelength has been used as a 

surrogate for lignin, tannin, humic substances, and various aromatic compounds, which 

all strongly absorb UV light (Park, Ahn et al. 2005). As shown in both Figures 7and 8, 

the majority of these UV-absorbing compounds were removed after the first sampling 

port (SP1). 

 

Figure 7: SC1-UV 254 nm boxplot 

 

 

Figure 8: SC2- UV 254 nm boxplot  
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3.4   Seven Anions 

In this analysis the concentration of the common anions was detected in the effluent and 

influent samples for both systems, as summarized in Table 13. 

It was concluded the chloride has the most abundance in the water among other anions. 

On the other hand, fluoride and bromide had the lowest concentration in the influent and 

effluent samples. However, Sulfate was not indicated because it was below the detection 

limit. Results show that there were no significant changes for either of the systems 

between influent and effluent. 

Table 13: Anion concentrations (mg/l) in SC1 and SC2 

SC2- effluent SC2 -Influent SC1- effluent SC1 -Influent Anion 

189 - 190 200-202 177-129 129- 205 Chloride 

0.02- 0.05 0.02-0.07 0.04- 0.08 0.01-0.04 Fluoride 

0.9- 1.0 1.02-1.03 0.85-0.87 0.9- 1.0 Bromide 

8.1- 10.1 8.5-10.4 6.9-8.6 6.7-9.4 Phosphate 

66.2- 67.5 65.4 -67.8 52.8- 68.7 52.7-67.6 Nitrate 

62.5 - 67.3 66.6-70.9 54.9- 65.3 59.9-69.9 Nitrite 

Not Detected Not Detected Not Detected Not Detected Sulfate 

 

3.5   Fluorescence Excitation Emission Matrix (FEEM) 

Fluorescence spectroscopy has been suggested as a potential monitoring tool given its 

high sensitivity and selectivity (Henderson, Baker et al. 2009).  

According to an interpretation of FEEM for wastewater treated by SAT, each matrix is 

visually divided into three zones: protein-like, humic-like, and soluble microbial product-

like material (Drewes, Quanrud et al. 2006). The results for this analysis demonstrate that 

there was a clear difference between SC2 influent and the ozonated influent (SC1). 

Apparently wastewater treatment using soil column only does not remove humic-like and 
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fulvic-like substances, as shown in Figure 9-a. However, combining SAT with ozonation 

is capable of removing humic-like, fulvic-like substances and protein-like from the 

wastewater. 

Also it is noticed that all the samples collected from SC1 were showing the same trends, 

and there wasn't much of  a difference in SC1 samples from the influent to the effluent of 

the column, as shown in Figure 9-a. 

To confirm the effect of ozonation on the removal of humic-like, protein-like and fulvic-

like substances, a post ozonation experiment was conducted where effluent samples were 

collected from both systems. The effluent was divided into three bottles P1, P2 and P3. 

Afterward, ozonated water was added to the effluents bottles in different volumes of 

12.5ml, 5ml and 8 ml respectively. 

Results shown in Figure 9-b indicates that all samples with different ozone volume had 

the same trend as the pre-ozonated samples. And the conclusion from this was that ozone 

treatment appeared to have the same effect on fluorescence emission, regardless of 

whether it was before or after soil filtration.  

Figure (9-a): FEEM results on the 25
th

 of March 

SC1 influent (pre-ozonated)                                SC1-SP1 (sampling port1) 
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SC1-SP2 (sampling port 2)                                                SC1-effluent  

        

SC2 influent (non-ozonated)                    SC2-SP1 (sampling port 1) 

             

SC2-SP2 (sampling port 2)                             SC2-effluent                                                                                                
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Figure (9-b): FEEM results for post ozonated samples on the 25
th

 of March 

SC1-P1 (12.5 ml of ozonated water)                                  SC1-P2 (5ml of ozonated water) 

 

SC1-P3 (8 ml of ozonated water)                         SC2-P1 (12.5 ml of ozonated water) 

 

SC2-P2 (5 ml of ozonated water)                          SC2-P3 (8ml of ozonated water) 
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3.6   Flow Cytometry 

A proper understanding of microbial survival and growth during the water treatment and 

distribution starts with the ability to quantify all the microorganisms accurately and 

rapidly. Flow cytometry (FCM) has tremendous potential as an alternative tool for the 

analysis of bacteria in the water. This method can be used for direct enumeration of the 

total cell concentrations in water. Electronic gates were used to separate bacterial cells 

from background. These gates separate the positive signals from noise (Hammes, Berney 

et al. 2008). 

The FCM method used with SYBR Green I staining  gives no information as such on the 

viability of the cells that pass the ozonation process intact, and, as a result, these few 

detected cells may well be inactive or even dead (Hammes, Berney et al. 2008). For this 

reason Syber Green was used to detect the total number of bacteria in the samples as 

shown in Figure 10-a. in this figure total bacteria were counted inside the gate for each 

sample used. But it was  not the only staining method  used for this analysis. Propidum 

Iodide (PI) dye was combined with Syber Green to form a second stain. 

 The combination of the two dyes were used for detecting live and dead organisms, as 

shown in Figure 10-b. 

Also post ozonated samples were analyzed with Flow  Cytometery to detect the effect of 

post ozonation on bacteria count in the water samples as shown in Figure 10-c  

In this analysis SC1 samples were less in the total bacteria count compared to SC2 

samples because ozonation causes a chemical destruction to the bacterial cell. 
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Figure (10-a): Flow Cytometry with Syber Green I on the 20
th

 of November 2012 

Sc1-influent                                 sc2-sp1 

 

Sc1-sp2                                                          sc1-effluent                           

     

Sc2-influent                                          sc2-sp1 
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sc2-sp2                                                                     sc2-effluent         

       

Figure (10-b) :Flow Cytometry with SG and PI on the 20
th

 of November 2012 

SC1-Influent (pre-ozonated)           sc1-sp1 

 

Sc1-sp2                                         sc1-effluent 
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Figure (10-c): Flow Cytometry with Post ozonated samples 

Using (SG): 

SC1-P1                                                         SC1-P2 

 

 

SC1-P3 (8ml of ozonated water)                     sc2-p1 (12.5ml of ozonatedwater)       
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SC2-P2 (5ml of ozonated water )                      SC2-P3 (8 ml of ozonated water)   

          

Using (PI): 

SC1-P1(12.5 ml of ozonated water)                           sc1-p2(5ml of ozonated water)      

            

Sc1-p3 (8ml of ozonated water)                               sc2-p1 (12.5 of ozonated water)    
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SC2-P2 (5ml of ozonated water)                          SC2-P3 (8ml of  ozonated water)      

          

Total bacteria count for SC1 in the images in Figure 10-a, were 2804, 1610, 1350 and 

1280 Events/uL for SC1 influent, SP2, SP1 and effluent respectively. The live bacteria 

counts for SC1 in the images in Figure 10-b were 1250, 570, 470 and 430 Events/uL for 

SC1 influent, SP2, SP1 and effluent, respectively.   

On the other hand, total bacteria count for SC2 images in Figure 10-a, were 4140, 3270, 

2620 and 2230 Events/uL for SC2 influent, SP2, SP1 and effluent respectively. And live 

bacteria count for SC2 in the images in Figure 10-b, were 2600, 1780, 1250 and 710 

Events/ uL for SC2 influent, SP2, SP1 and effluent, respectively. 

From these results it's clear that the bacteria count decreases during the soil column 

treatment until it reach the lowest bacteria count in the effluent. These results also 

demonstrate the difference in the bacteria count between SC1and SC2 influent, the 

bacteria count in SC1 influent is less that SC2 influent due to the damaging effect of 

ozone on the bacteria cell. 
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Table 14: Bacteria counts in SC1 and SC2 Influent and Effluent and the bacteria 

removal percentage for each date 

Removal 

percentage 

Sc2 

effluent 

Events/ul 

Sc2 

influent 

Events/ul 

Removal 

percentage 

Sc1     

effluent 

Events/ul 

Sc1 

influent 

Events/ul 

 

Date 

38.5 % 2533 4120 89.5 % 460 4420 29/Oct/2012 

48.7 % 2220 4330 52.5 % 1940 4090 13/Nov/2012 

46.1 % 2230 4140 54.3 % 1280 2804 20/Nov/2012 

29.1 % 4472 6314 65.3 % 801 2310 31/Dec/2012 

49.2 % 1280 2523 76.4 % 993 4213 28/Jan/2013 

56.5 % 1954 4497 62.2 % 638 1690 11/Feb/2013 

52.1 % 2539 5304 53.1 % 569 1215 25/Mar/2013 

    

Results shown in Table 14 indicates that bacterial counts in both SC1 and SC2 influent 

and effluent and the bacteria removal percentage for each column. These results 

demonstrate that the removal percentages for SC1 were higher than SC2 removal 

percentages due to the effect of ozonation. 
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4.  CONCLUSION 

This study investigated the effect of soil filtration and ozonation on the dissolved organic 

carbon and its components (protein-like, humic-like, fulvic-like) in the wastewater. In 

this study two soil columns were compared in term of removal of DOC.  The first column 

was injected with treated wastewater combined with ozonation, The second column was 

injected with treated wastewater only.  

This work demonstrates that soil columns fed with MBR effluent showed a direct DOC 

removal from 3.1 to 1.4 mg/l carbon in SC1, and from 3.3 to 1.5 mg/l in SC2. Removal of 

DOC was 53.7 % in SC1 and 53.8 % in SC2.  

In addition, UV 254 nm results demonstrated that the majority of the UV absorbing 

compounds were removed after the first 30cm in the soil columns. Soil filtration 

treatment removed 26.7 % of UV absorbing compounds in SC1and 23.3% in SC2.  

As discussed above, organic carbon is considered as a limiting factor for microbial 

growth. Thus, the reduction of DOC due to the effect of soil filtration and ozonation will 

lead to a decrease in the microbial count. Flow Cytometry showed reasonable microbial 

count reductions from the influent to the effluent in both systems. Flow Cytometry results 

showed bacterial removals of 52.5%-89.5% in SC1, which was higher than the SC2 

removal of 29.1%-56.5%. 

 FEEM results revealed that soil column treatment only doesn't remove humic-like and 

fulvic-like substances. However, combining soil column treatment with ozonation was 

capable of removing humic-like, fulvic-like and protein-like substances from the 



48 
 

wastewater. Overall, using soil passage for wastewater treatment was efficient but to 

achieve better treatment in term of reducing DOC and bacterial count, combining soil 

column with ozonation is better and more efficient.     
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