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Abstract 

Solar disinfection (SODIS) is simple, inexpensive and environmentally sustainable method for contaminated water disinfection. 

Few attempts indicate the possible disinfection of grey water by using sunlight with low turbidity. The present study envisaged to 

study the effect of SODIS on the survival of Escherichia coli, Feacal Coliform and Total Coliform in grey water. A simple 

pretreatment filter was provided to bring the turbidity to desired turbidity level. Batch study on SODIS was conducted for two 

important parameters, varying flowrate and angle of incidence. The varying flowrate and angle enhance temperature of water and 

increase the rate of disinfection.  Results of the present investigation indicate that SODIS is an effective method for grey 

disinfection. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Use of natural sunlight for disinfection has been reported from ancient times [1] [3]. The ultraviolet A (wavelength 320-400) 

radiation acts as a one of the successful disinfectant for water treatment [2]). Meierhofer et.al.[4] has been mentioned in the 

guideline for solar disinfection that, synergistic effect of sunlight radiation in the spectrum of UV-A (wavelength 320-400nm) 

and  heat showed vulnerability towards pathogenic microorganisms. Malato et al. [5] have been reported that a temperature range 

of 12-400C has a negligible effect on the rate of SODIS, which indicates, when microorganisms exposed to temperature and UV-

A radiation at the same time increased in the mortality of microorganism occurred when temperatures exceeds 45°C [1] [5] [6] 

[7] [8]. SODIS is proposed as an inexpensive, simple and environmentally sustainable method for water disinfection [4] [2]. 

Previously numbers of research has been carried out on different parameter of solar disinfection like range of UV rays, time of 

exposure, intensity of sunlight, UV apparatus, factors affecting UV-radiation, by-products and disadvantages, and finding better 

way of using UV-radiation for domestics, municipal and industrial used in developing countries [6] [7] [9] [10] [11] [12]. In 

recent years, attention has been focused on small-volume (1.5 L) of batch reactors like UV-light-transparent plastic bottles for 

domestic treatment of drinking water. This method is effective in areas with high solar intensity [7].  SODIS treatment, has been 

proven successful for a wide range of microorganisms including bacteria, fungus spores and cysts [6] [12] [13] . 

McLoughlin et.al. [13] has compared compound parabolic, parabolic and V-groove profiles different collector shapes for the 

disinfection of water heavily contaminated with E. coli (K-12) showed the compound parabolic reflector a more successful 

inactivation of E. coli. Dunlop et.al. [10] has been found complete inactivation of E. coli (6.5-log) in simulated solar exposure in 

presence of turbidity (50 NTU) using the SBSS bag within 180 min. Kehoe et.al. [14] has studied in Kenya E. coli total 

inactivation was for by varying turbidity between 5 and 2000NTU on a daily basis they found that it was achievable in 300 NTU 

samples within 8 h exposure to strong sunshine. Joyce et al. [15] studied in Kenyan on E. coli in 2 liters samples were completely 

disinfected within 7 h which at maximum water temperature of 550C,they also found that no bacterial recovery has occurred 

after 12h at high turbidity of approximately 200 NTU of water. 

 Solar Disinfection of Grey Water: 

Grey water can be defined as all wastewater flows exiting a building, with the exception of toilet waste (black water) [16]. Grey 

water is less polluted i.e. low-load grey water in terms of organics and bacteria frequently limited to the bathroom streams of 

hand basin and shower [17] [18]. Black water is rich in organic matter and nutrients while grey water contains very less 

concentration of organic matter and nutrients [15]. Grey water is contaminated with Feacal contamination and reported presence 

of pathogenic microorganisms [19] [20]. Presence of common pathogens in grey water has also observed [16]. The pretreatment 

of the grey water may achieve by SODIS however high flow rate and recirculation influence effective inactivation [12]. Grey 

water recycling concept is to reduce potable water demand by reusing it for non-potable demand in term sustainable development 
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and water demand management and in some rural areas, grey water used for irrigation at their private gardens [21] which may 

use again to make healthier garden, particularly during drought periods.  

There is need to disinfect grey water because problems can arise when warm, nutrient-rich grey water is stored, as it incubates 

bacteria also untreated grey water can be used for watering the garden if it is used immediately after it is produced, but it should 

not be used on edible crops and the water from kitchen sinks and dishwashers are too heavily contaminated wastewater. 

Disinfection is required to eliminate the pathogenic microbial contamination present in the grey water. Also for public health and 

protects water and soil against contaminants. To prevent the transmission of disease-causing microorganisms, adequate 

disinfection is necessary for grey water. 

The present investigation has been undertaken to study the effectiveness of solar radiation over the microbial contamination of 

grey water. Also design and construction of the batch solar reactor to achieved solar disinfection has been planned. 

II. MATERIAL AND METHODS  

 Sample Collection and Pretreatment Unit: 

Low organic load domestic grey water was collected by in 15 liters bucket and fed to pretreatment unit.  Effluent was collected 

stainless steel tap which was properly washed prior to use. Turbidity of pretreatment unit before and after was measured by 

turbidity meter (Lamatte 2020e turbidimeter, USA). Then tap was opened and effluent of pretreatment unit was collected in two 

liters Polyethylene terephthalate (PET) bottle. About 10 liters of bathing water passed influent through pretreatment unit to 

remove suspended inorganic impurities and froth. 

When dirt load was increased the filter was cleaned. Sand filter unit needed cleaning after 7 runs and scrapping of upper 5-7 

cm done after change of each angle i.e. after six run. Influent was collected and diluted by adding adequate quality of tap water 

so as to make constant  turbidity  30 NTU.(S.D 30±0.25). Grey water from the bottle reactor was pumped by peristaltic pump 

(HBS Technologies, ENERTECH) to five illuminated tubes connected in series made up of borosilicate in a solar reactor.  

Experiment was set up at the Department of Environmental Engineering, V.N.I.T., Nagpur (latitude, 21009’ N; longitude, 79o 

09E). The period of exposure to solar radiation was 8 hours from 9:00 am to 5.00 pm IST.  UV radiation was measured after 

interval of 2 hours (First class Pyranometer PM 10 , Sivara Systems and Solutions) in terms as UV irradiance, which is defined 

as the rate at which solar radiant energy is incident on a surface per unit area of surface (W/m2) [22]. Simultaneously 

temperature in the bottle reactor, foil temperature and atmospheric temperature were recorded. 

 Structure of Solar Reactor: 

A rectangular solar collector body was made up of steel (70.5cm X 45cm, height 55.25cm). The box was cut in semicircle with 

radius 25.25cm coated with aluminum foil. All the five borosilicate tubes (400ml each) were placed equidistant from the bottom 

and apart as 10 cm. These tubes were fitted in the box along the width 45 cm. Whole assembly was mounted on stand of 

70.5cmX 1000cm. It was fabricated so that angle arrangement can be done. For the experimentation solar reactor was placed at 

angles 350 and 550.   
Table – 1 

Hydraulic assessment of solar reactor 

Sr. No No of cycle Revolution per minute (RPM) Flowrate (ml/min) 

1 8 11.1 34 

2 11 14.7 45 

3 16 21.9 67 

4 32 44.6 135 

5 64 85.4 265 

Total volume of 4 liters was recirculated. The recirculation was done by putting inlet and outlet in the same two liters bottle 

reactor and flowrates variation (Table 1) were done with the help of peristaltic pump. The initial water temperature in bottle 

reactor was maintained 300C- 330C. The solar reactor was manually turned in the direction of sun. After 8 hours effluent sample 

was collected in sterile glass bottle (250ml) and was stored in refrigerator overnight. Turbidity and pH of effluent samples were 

measured and samples were forwarded for microbial investigation. Same procedure was repeated for the 34, 45, 67, 135 and 265 

flowrate (ml/minute). 

 Microbial Study:  

Entire procedure was carried out in sterile condition to determine MPN of E-coli, Total coliform and feacal coliform. For the 

presumptive test double strength and single strength McConkey broth (Himedia) were used. Samples of each flowrates in broth 

media were incubated for 24 hours at 37oC. After 24 hours samples were tested for confirmative test by observing gas formation 

in darham’s tube. Then samples were inoculated on 3mm diameter probe for each dilution of 10 ml, 1ml and 0.1 ml in Buffer 

Peptone Water (Himedia) for E-coli and Brilliant Green Lactose Bile Broth (Himedia) for total coliform and feacal coliform. For 

complete test; E-coli and feacal coliform were incubated at 440C and total coliform at 370C. After incubation, formation of gas in 
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the tube confirms the presence of feacal coliform and total coliform. E. coli was confirmed by Kovac indole reagent. From the 

table, Most Probable Number (MPN) per 100 ml was calculated [23]. 

III. RESULTS 

 Solar Disinfection by Solar Reactor at an Angle 350: 

Average variation in temperature of bottle reactor, aluminum foil and atmospheric temperature at different flowrates (Fig.1) 

showed temperature of bottle reactor was slightly higher than average atmospheric temperature. Temperature of aluminum foil 

was observed highest. It was found that at flowrate 44.3 ml/min at UV intensity was 161 W/m2 temperatures was less this may be 

due to cloudy atmosphere of the day. Turbidity of grey water before and after pretreatment at angle 350 (Table 1) showed 

average percentage removal was 58.75% to maintain turbidity in effluent as 30 NTU ((S.D 30±0.25). 
Table – 2 

Turbidity of grey water before and after pretreatment at angle 350. 

Flowrate ml/min Before pretreatment (NTU) After pretreatment (NTU) % turbidity removal 

33.4 71.3 30.4 57.36 

44.4 97.3 30.4 68.76 

66.8 64.5 30.2 53.18 

135 61.6 30.1 51.14 

268 63.2 29.9 52.69 

555 97.3 29.8 69.37 

Average Turbidity in NTU 75.87 30.13 58.75 

 

 
Fig. 1: Average variation of temp in bottle reactors, Al foil and Atmosphere at angle 350 C 

 Solar Disinfection of E. Coli. 

At flowrate 34ml/min, E-coli was present in percentage inactivation of E-coli was observed to be 90.33 % (Fig. 2 and Table 

3).When flowrate increase from 44.3 ml/min  and 66.8ml/min, the percentage inactivation was observed 97..00 % and 97.53%   

(Fig. 2)  Intensity of UV light was observed to be 161±254.99 W/m2 and 553.2±455.12 respectively . At flowrate 135 ml/min, 

MPN was highest percent inactivation 99.61% (Table 3). Percent inactivation at flowrate 268ml/min and 555ml/min were 

observed to be moderate 84.96 % and 64.83% (Fig. 2, Table 3). 

 Solar Disinfection of Feacal Coliform  

In case of feacal coliform, highest percent inactivation (99.80%) was observed at flowrate 135ml/min followed by percent 

inactivation 99.80 %  UV intensity was observed to be 466±427.44 W/m2 (Fig. 2 and Table 3).  Inactivation was observed at 

flowrates 34ml/min and 44.3ml/min 94.78 %and 85.88%, UV intensity 673±222.88 W/m2 and 161±254.99 W/m2 respectively 

(Fig. 2 and Table 3). At flowrate 66.8 mi/min min % inactivation was observed to be   99.62(Fig. 2 and Table 3).  At flowrate 

268 ml/min and 555 ml/min % inactivation were observed to be 99.63% and 99.59% at UV intensity 536±488.88 W/m2 and  

530±288.88 W/m2 respectively. 
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Fig. 2: Percentage of inactivation in E. coli, Feacal coliform and Total Coliform at angle 350 

 Solar Disinfection of Total Coliform 

In case of Total Coliform, at flowrate 66.8 ml/min, the reduction in MNP was observed, which indicated the highest percentage 

of inactivation of 99.06%. The percentage of inactivation of total coliform at 34 and 44.3ml/min flowrate was 88.65 and 85.88%  

and UV intensity 673±222.88 W/m2,  161±254.99 W/m2 respectively (Fig. 2 and Table 3).  At flowrate 135ml/min, 268 ml/min 

and 555ml/min % inactivation were observed to be 99.71%, 99.61% and 99.56 % at UV intensity 466±427.44 W/m2 ,536±488.88 

W/m2 and 530±288.88 W/m2 respectively. 
Table – 3 

Percent inactivation of E. coli, Feacal coliform and Total Coliform by SODIS at angle of 350. 

 Inactivation of Bacteria (%) UV intensity 

Flowrate (ml/min) E. coli Feacal coliform Total Coliform W/m2. 

34 90.33 94.78 88.65 673±222.88 

44.3 97.00 85.88 85.88 161±254.99 

66.8 97.53 99.62 99.06 553.2±455.12 

135 99.61 99.80 99.71 466±427.44 

268 84.96 99.63 99.61 536±488.88 

555 64.83 99.59 99.56 530±288.88 

 Solar Disinfection by Solar Reactor at an Angle 550 

When solar reactor was placed at angle 550 average variation in temperature of bottle reactor, aluminum foil and atmospheric 

temperature at different flowrates (Fig.3) showed temperature of bottle reactor was slightly higher than average atmospheric 

temperature. Temperature of aluminum foil was observed highest. It was found that at flowrate 268ml/min, temperature was less 

this may be due to average UV intensity was varied between 655±31.09 W/m2. 
 

 Solar disinfection of E. coli 

At flowrate 34ml/min, E-coli was present in influent was percentage inactivation of E-coli was observed to be 98.04 %  at UV 

intensity 756±131.61 W/m2 (Fig. 4 and Table 5). When flowrate increase from 44.3ml/min to 66.8ml/min, the percentage 

inactivation was observed to be increase from 43.45 %to 81.09% at UV intensity 395.2±311.53 W/m2 and 614.2±243.82  W/m2 

respectively (Fig. 4, Table 5).). At flowrate 135 ml/min, MPN was highest percent inactivation (100%) at UV intensity 

534.6±155.4 W/m2 (Table 5). Percentage inactivation 99.92 % and 81.46% was observed at flowrate 268ml/min and 555ml/min 

respectively at UV intensity 655±31.09 W/m2 and 426.80±192.97 W/m2 respectively. 
 

 Solar disinfection of Feacal coliform 

In case of feacal coliform, highest percentage inactivation (100%) was observed at flowrate 135 ml/min at UV intensity of 

534.6±155.4W/m2 (Fig. 4 and Table 5) followed by at flowrate 555 ml/min (99.91%) at UV intensity of 426.80±192.97W/m2 

(Fig. 4 and Table 5) followed by at flowrate 268 ml/min (99.90%) at UV intensity of 655±31.09 W/m2 (Fig. 4 and Table 5). At 

flowrate 34 ml/min, percentage inactivation (98.31%) at UV intensity of 756±131.61W/m2. At flowrate 44.3 ml/min and 66.8 

ml/min percentage inactivation were observed to be 95.83% and 99.77% at UV intensity of 395.2±311.53W/m2 and 

614.2±243.82 W/m2 respectively. 

 Solar disinfection of Total Coliform  

In case of Total Coliform, at flowrate 135ml/min, the highest percentage of inactivation of 100%. The percentage of inactivation 

at flowrate 34ml/min, 44.3 ml/min were observed to be 96.25% and 97.43%  at UV intensity 756±131.61 and 395.2±311.53 

(Fig.4 and Table 5). At flowrate    66.8 ml/min, 268 ml/min and 555ml/min , 99.6 %, 99.76% and 99.82% , at UV intensity  of 

614.2±243.82 W/m2
,  655±31.09 W/m2 and 426.80±192.97 W/m2  respectively (Fig.4 and Table 5). 
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Table – 4 

Turbidity of grey water before and after pretreatment at angle 550. 

Flowrate ml/min Before pretreatment  (NTU) After pretreatment (NTU) % turbidity removal 

33.4 92.8 29.7 68.00 

44.4 107.9 30.1 72.10 

66.8 128 29.8 76.72 

135 79.7 30.1 62.23 

268 119.8 28.8 75.96 

555 112 30.2 73.04 

Average Turbidity in NTU 106.7 29.78 71.34 

 

 
Fig. 3: Average variation of temp in bottle reactors, Al foil and Atmosphere at angle 550 

 
Fig. 4: Percentage of inactivation in E. coli, Feacal coliform and Total Coliform at angle 550 

Table – 5 

Percentage inactivation of E. coli, Feacal coliform and Total Coliform by SODIS at angle 550. 

Flowrate (ml/min) 
Inactivation of Bacteria (%) 

UV intensity W/m2. 
E. coli Feacal coliform Total 

34 98.04 98.31 96.25 756±131.61 

44.3 43.45 95.83 97.43 395.2±311.53 

66.8 81.09 99.77 99.62 614.2±243.82 

135 100.00 100.00 100.00 534.6±155.4 

268 99.92 99.90 99.76 655±31.09 

555 81.46 99.91 99.82 426.80±192.97 

IV. DISCUSSION 

The SODIS is an effective method in contaminated water disinfection [24]. Solar treated drinking water was associated with 

reduction in diarrhea cases [11]. Complete inactivation of E. coli (6.5-log) in solar exposure was also observed by Dunlop et.al. 

[10] At constant turbidity, while varying turbidity from 5 to 2000NTU within 8 h exposure was observed by Kehoe et.al. [14]. 

The present study showed the varying turbidity with respect to flowrate at both angle 35 and 550 (Table 3 and 5).    
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Disinfection is enhancing by the synergistic effect of UV radiation and heat [1] [13] [24]. The aluminum foil of reflector 

increased the temperature of effluent water (fig. 1, 2 and 5). The increased temperature and the high intensity of UV (Table 4 and 

5) resulted in the increased percent inactivation. Contrary observation was observed by Wagelin et al. [1] which state the 

temperature variation between 12 to 40 0C does not seem to play a significant role in the inactivation of bacteria.   

The exposure time in the present investigation was of eight hours. The average irradiation intensity was previously mention by 

Caslake et al. [24] was ranged from 500 to 800 W/m2. In the present investigation radiation (UV) intensity was ranges from 

161±254.99 to 673±222.88 W/m2 for angle 350 from 395.2±311.53 to 756±131.61 W/m2 for angle 550. The average UV intensity 

varied due to the weather condition. Both the angle of set up are suitable for the disinfection as exposure of cell at UV 

(530W/m2) were no longer able to repair the damage and repair [1] and hence the disinfection of grey water has achieved.  

The flowrate of the effluent was varied 34, 44.3, 66.8, 135, 268 and 555ml/min in both set up of an angle 35 and 550. In the 

previous study by Caslake et al. [24] at an average flow rate of 0.4 ml/s the effluent temperature reached 55°C in approximately 

44 min this may be due to different weather condition. In the present investigation the shape of the reactor was semicircular. For 

the disinfection of heavily contaminated water, the shape of the different collector has been compared by McLoughlin et.al. [13] 

And confirmed the compound parabolic reflector was more successful inactivator.  

The results of the present study showed that SODIS is effective method to eradicate E. coli and feacal coliform and total 

coliform from grey water.  The change in flowrate and angle acts as effective tool to increase the temperature of effluent water 

which increases synergistic activity.  The SODIS provides greater opportunity to reused the grey water and significantly reduce 

the household water bills and amount of sewage discharged to the ocean or rivers. 
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