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ABSTRACT Rainwater harvesting provides a low-cost and flexible alternative for 

drinking water provision in decentralised settings in urban and rural areas of developing 

countries. Efficiency of a decentralised low-cost filter, i.e. Grifaid® filter, in the treatment 

of rainwater harvested at various sites at the Rhodes University campus in South Africa, 

was tested in this study. Sampling took place between beginning of August and end of 

October 2016. The treatment efficiency results indicate that Grifaid® filters remove 100 

% of the faecal bacterial indicators and 100 % of turbidity from the treated rainwater. The 

pH values of the treated rainwater remain unaffected by the Grifaid® treatment. 

Ammonium and aluminium concentrations, measured in the harvested rainwater, were 

not considered dangerous for human health. However, nitrate concentrations surpassed 

the World Health Organisation of 50 mg/L and will require to be treated using ion 

exhcnage in further research. 
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1. INTRODUCTION 

 

Rural areas in developing countries often lack conventional water supply 

infrastructure. Collection, storage and use of rainwater is often described by one term, 

namely rainwater harvesting (RWH). It can be considered an alternative solution for 

water provision in areas where piped water is lacking (Baguma et al. 2010; United 

Nations Environment Programme, 2016). Besides rural communities, RWH can be used 

to supply potable water to most informal communities in urban settings (United Nations 

Environment Programme, 2016). Installation of RWH systems in urban settings can also 

be done in developed areas. In all these settings, the harvested rainwater can be used for 

domestic purposes, such as drinking and cooking (Kahinda and Taigbenu, 2011; Opare, 

2012). Literature for the African continent shows that RWH has been a common practice 

in South Africa (Kahinda et al., 2007; Malema et al., 2018), Namibia (Sturm et al., 2009), 

Nigeria (Ishaku et al., 2012), Uganda (Baguma and Loiskandl, 2010), Ghana (Opare, 

2012) and Zimbabwe (Katsii et al., 2007). 
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The current study took place at the Rhodes University (RU) campus which is 

located in the small city of Makhanda/Grahamstown in the Eastern Cape Province, 

South Africa. The area has been designated as water disaster area for more than a 

year (Nondlazi et al., 2017). Water scarcity and the El-Niño drought since 2015, 

along with infrastructural challenges, have resulted in the primary and secondary 

water scarcity to the RU staff and students. Since at least 2012, RU has undertaken 

various initiatives to increase water self-sufficiency (Rygaard et al., 2011) through 

various initiatives, e.g. installation of RWH systems across campus. These systems 

are used as the source of water for flushing toilets or for drinking after boiling, when 

municipal potable water supply is interrupted to RU campus. At the time of the 

writing of this article, RU has been undertaking drilling of boreholes at the university 

campus and tanks were installed around campus to provide access to drinking water 

and untreated borehole water for toilet flushing. However, the RWH systems remain 

the most established systems for non-municipal water supply on RU campus, 

students and staff are aware of them; and make regular use of them.    

At RU and beyond, harvested rainwater is generally used for drinking and cooking 

(Kahinda & Taigbenu, 2011; Opare, 2012). In these domestic uses, the challenge is 

often that microbial and chemical quality of rainwater is unknown and/or the 

respective regulatory guidelines are not met (Malema et al., 2018). Domestic uses of 

such rainwater create a potential health hazard for the consumer. As a result, RWH 

and use must be accompanied by treatment and regular monitoring of the quality of 

the harvested rainwater. Examples of treatment options are disinfection methods and 

reverse osmosis (Malaeb and Ayoub, 2011; Gupta et al., 2012). There are also smaller 

point-of-use filtration systems which can be used for raw rainwater treatment, e.g. 

Grifaid® filter (Grifaid/Save Water Trust, Cleadon, Sutherland, United Kingdom). A 

Grifaid® filter was tested in the current study as treamtent option for the provision of 

potable rainwater that was harvested at the RU campus. The RU campus and the 

ongoing initiatives, aimed at increasing the water self-reliance of the university which 

is in a partially isolated geographical area, provide a good platform for the testing of 

the decentralised treatment systems for water-scarce areas (Angala, 2018).  

The specific filter used in this study is a hand-operated system. The Grifaid® filters 

were used as shown in Fig. 1a or enclosed in a custom-made casing for protection against 

theft, weather elements and to ensure communal use of the filter (Fig. 1b). The logic 

behind the design is to ensure that the filter can be attached to a rainwater harvesting 

tank, without the user being able to remove it, while still allowing it to be functional. The 

container was also designed to be animal-proof so that disease-carrying animals, such as 

rats, do not come into contact with the Grifaid® filter. The treatment efficiency was 

assessed by examining the removal of indicator microorganisms and physico-chemical 

parameters from the rainwater harvested at the RU campus. 
 

 

2. DATA AND METHODS 
 

Ten sampling sites were selected around the RU campus , where RWH systems are 

installed and the Grifaid® filter treatment efficiency counld be tested. Details of the ten 
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sampling sites are described in Table 1, with the indication about any treatment system 

already present. Closed system refers to the closed rainwater harvesting tank and direct 

connection between the catchment and the storage tank. The roofing material used for 

the buildings was tiled roofs and majority of the catchments were covered by plant debri 

and animal faecal material, i.e. indicating potential sources of contamination of the 

harvested rainwater. In addition, the roofing material would not have provided any 

sterilisation/treatment upon contact with the rainwater (Tandlich et al., 2012). 

Rainwater was sampled at all ten sites and analysed for the thermotolerant E. coli 

and selected physiochemical properties to determine the treatment efficiency of the 

Grifaid® filter. Sampling was conducted weekly over a period of three months 

bewteen the beginnign of August and the end of October 2016. Sampling bottles (5 

litre plastic bottles) were washed and chemically sterilised with successive washes 

with detergent, tap water, deionsed water and bleach/70 % ethanol (Spellbound Labs, 

Port Elizabeth, South Africa/ Chemstores, Rhodes University). Sterility of a small 

number of sampling containers was conducted before each sampling run by rinsing 

them with sterile water and performing membrane filtration for E. coli (see below).  
 

a)  

 

b) 
 

 

 
 

Fig. 1. Picture of Grifaid® filter (Fig. 1a) with suction and uptake of the water to be treated at 

the bottom (see green circle; adapted from Grifaid.org, 2017; no copyright applies to the best of 

the authors‘ knowledge). Depiction of the Grifaid® filter mounted inside protective casing when 

attached to a RWH system (Fig. 1b). Both depictions are from Rhodes University campus. 

 
At the respective sampling site and on a given sampling occasion, we used gloves 

which were sterilised with 70 % ethanol. Next, the outer area of the rainwater storage 

tank tap, as well as the top of the sampling bottle, were disinfected with 70 % ethanol. 

The taps were open and the sampling bottles were filled to the brim with rainwater 

from the mid-stream. Samples were then transported on ice to the microbiological 

laboratory in the faculty of Pharmacy of RU for analysis. Concentrations of 
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thermotolerant E. coli was measured as outlined by Tandlich et al. (2014), while the 

chemical parameters were measured using the methods similar to those of Nondlazi 

et al. (2017). The measured physico-chemical parameters included pH, turbidity, 

concentrations of ammonium, nitrate and aluminium. Chemical parameters were 

measured using the spectrophotometric kits purchased from Merck Pty. Ltd. (Cape 

Town/Johannesburg South Africa) and the Shimadzu 1240 Mini UV/VIS 

spectrophotometer (Shimadzu, Johannesburg South Africa). 

Treatment of the harvested rainwater was performed in the laboratory by hand-

pumping the rainwater from a sterilised contained into another sterilised container  

using the Grifaid® filter. Sampled from both harveted rainwater and the treated 

rainwater were collected and analysed for E. coli and physico-chemical parameters. 

Efficiency of treatment was assessed by determining the statistically significant 

differences bewteen the composition of the sampled/harvested rainwater and the 

composition of the rainwater treated using the Grifaid® filter. Mann-Whitney test 

was performed as one-way and two-way test at 5 % level of significance,  (see 

https://www.socscistatistics.com/tests/mannwhitney/Default2.aspx for details). If 

statistically significant difference was detected for the mean values (all values) of a 

given parameter, then the removal efficiency (RE) for the filtration treatment was 

calculated for individual parameters as shown in Equation (1).  
 

𝑅𝐸 (%) = (
𝐼𝑛𝑓−𝐸𝑓𝑓 

𝐼𝑛𝑓
) × 100      

 (1) 
 

In Equation (1),  Inf is the average value/concentration of the given 

parameter in the harvested rainwater, while  

 Eff is the average value/concentration of the given 

parameter in the treated rainwater.  
 

Table 1. Site descriptions in regards to filtration features installed per site which were 

sampled between August and October 2016 
 

Site 

Number 
Location 

First flush 

diverter 
Closed system 

Post-harvest 

Filter 

1 Allan Grey House No Yes No 

2 Prince Alfred House No Yes Yes 

3 
Mathematics 

department 
No Yes No 

4 Drostdy dining hall No Yes No 

5 Hamilton Building No Yes Yes 

6 Botha House No Yes No 

7 Matthews House No Yes No 

8 Cory House No Yes No 

9 College House No Yes No 

10 Hobson House No Yes No 

 

Units of the parameters are colony-forming units per 100 millitres of samples water for 

concentrations of E. coli (CFUs/100 mL), nephelometric turbidity units for turbidity (NTU) and 

milligrams per litre for the chemical parameters of harvested rainwater (mg/L). 

https://www.socscistatistics.com/tests/mannwhitney/Default2.aspx
https://www.socscistatistics.com/tests/mannwhitney/Default2.aspx
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     3. RESULTS AND DISCUSSIONS 

 

As it can be seen in Table 2, treatment of the harvested rainwater with the 

Grifaid® filter resulted in the complete and statistically significant removal of E. coli 

and turbidity. Based on the values of these two parameters in the treated rainwater, 

the WHO guidelines for rainwater for drinking and domestic use were met (see 

WHO, 2011 Table 7.10 on page 149 for E. coli and pages 228-229 for turbidity). As 

a result, concentration of E. coli in the treated rainwater was below 0 CFUs/100 mL, 

while turbidity was below 0 NTU in the treated rainwater. The maximum 

concentration of thermotolerant E. coli in the harvested rainwater was equal to 246 

CFUs/100 mL and it was shown to be an outlier based on Grubb’s test for outlier at 

5 % level of significance (see https://www.graphpad.com/quickcalcs/grubbs2/ for 

details). Based on this result, only 29 values for the E. coli concentration were used 

for the calculation of the geometric mean concentration of thermotolerant E. coli in 

the harvested rainwater, i.e. 21 CFUs/100 mL.   

 

Table 2. Treatment efficiency data for Grifaid® filter  
 

Parameter 

Harvested rainwater (Inf) Treated rainwater (Eff) 
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E. coli (CFUs/100 mL) 3-246 21 0 30 0 0 9×10-5 1.8×10-4 100 

Turbidity (NTU) 0.00-3.60 0.86 ± 0.99 0-1 9 0 0 <10-5 1.4×10-3 100 

pH 6.6-7.7 7.1 6.5-8.5 0 6.6-7.7 7.1 >0.100 >0.100 0 

NH4
+ (mg/L) 8.2-18.7 10.9 ± 2.70 

NAa or 35 

mg/Lb 0 8.4-26.8 
13.1 ± 

4.8 

0.425-

0.447 
0.005 0 

NO3
- (mg/L) 21.1-70.7 48 ± 13 50 14 

33.5-

138.8 
63 ± 21 

0.242-

0.660 
0.001 0 

Al3+ (mg/L) 0-0.11 0.03 ± 0.02 0.10 1 0.01-4.9 
0.28 ± 

0.91 

0.197-

0.795 
0.004 0 

a Geometric mean was calculated for the concentration of thermotolerant E. coli. All other parameters are reported 
as arithmetic mean ± standard deviation 
b No health-related limit has been proposed by the World Health Organisation. 
c An approximate limit of 35 mg/L of ammonium was proposed as the taste limit, i.e. above this concentration the 
taste of the harvested rainwater might be adversely affected by the NH4

+ ions presence.  

 

The average turbidity in the harvested rainwater was equal to 0.86 ± 0.99 NTU, 

which is comparable to values of 0.3 ± 0.1 to 2.6 ± 3.1 NTU as reported by Despins et 

al. (2009). This means that the standard deviation being higher than the average 

turbidity of rainwater is not uncommon and so the values from this study are 

comparable to observation made by other researchers. The treatment with Grifaid® 

filter had no effect on pH of the rainwater, but the pH values was within the acceptable 

limits from 6.5 to 8.5 as stipulated by WHO (2011, page 226).  

Results for the removal of E. coli from rainwater in this study are in agreement with 

the results reported by Sallis (2010) and Naranjo and Gerba (2013). Grifaid® filter was 

supported as an efficient treatment method for the removal of microbial indicators by 

https://www.graphpad.com/quickcalcs/grubbs2/
https://www.graphpad.com/quickcalcs/grubbs2/
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Kenya Water Institute (Muthama, 2012). To the best of the authors’ knowledge, no 

reference values exist in literature on the removal of turbidity from rainwater by 

Grifaid® filtration. 

The results showed that for the first two months showed that there was no 

statistically significant difference between the ammonium concentration before and 

after filtration (p-values = 0.425 and 0.447). In month 3, there was a release of 

ammonium from the filter and its was statistically significant (p-value = 0.005). There 

is no reference value for the ammonium concentration in rainwater as specified in 

respect of any negative health outcomes of drinking the harvested rainwater (WHO, 

2011, as summarised on page 223). None of the samples contain ammonium in 

conentrations above 35 mg/L (WHO, 2011, page 223), i.e. that the taste of the 

harvested rainwater would not negatively affected by the presence of NH4
+.   

In 47 % of the harvested rainwater samples and in 70 % of the treated rainwater 

samples, the nitrate concentration exceeded the WHO guideline of 50 mg/L, which 

indicates that consumption of the harvested and treated rainwater can lead to 

methhaemoglobinaemia in infants (WHO, 2011, page 398). Results of the Mann-

Whitney test at 5 % level of significance showed that the nitrate concentrations in 

harvested and treated rainwater was not statistically significant different from 50 

mg/l (p-value = 0.660 in both cases). In month 1, there was a release of nitrate from 

the filter and it was statistically significant (p-value = 0.001). The results for months 

2 and 3 showed that for that there was no statistically significant difference between 

the nitrate concentration before and after filtration (p-values = 0.242 and 0.523). 

These results indicate that concentration of nitrates should be monitored on a regular 

basis at Rhodes University campus, in the harvested and treated rainwater. The 

Grifaid® filter is not an ideal treatment method to remove the NO3
- ions from 

harvested rainwater. Additional treatment with different methods such as anion 

exchange (Boutin et al., 2011) will have to be implemented as a matter of urgency. 

 All but one sample of the harvested rainwater contained the average 

concentration of aluminium which was always below the WHO recommended limit 

of 0.1-0.2 mg/L (WHO, 2011, page 311). The average Al3+ concentration in the 

treated rainwater was equal to 0.28 ± 0.91 mg/L, with 6.7 % exceeding the WHO 

guideline of 0.1-0.2 mg/L for aluminium levels in drinking water (see Table 2). In 

months 1 and 2, there was no statistically significant difference between the 

aluminium concentrations before and after filtration (p-value = 0.197 and 0.795). In 

month 3, the results that for that there was a statistically significant release of 

aluminium from the treated rainwater during filtration (p-value = 0.004). Therefore, 

the Grifaid® filter is not efficient in the removal of Al3+ cations from rainwater. 

Further treatment and regular monitoring of the treated rainwater is a must, e.g. using 

ion exchange (Boutin et al., 2011), as the Grifaid® filter has limited to no ability to 

remove chemical components from the treated rainwater.  
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4. CONCLUSIONS 

 

RWH is an alternative to the provision of water, but results obtained indicate that 

harvested rainwater does not meet established consumption standards and that it thus 

requires further treatment before it can be safely used for domestic purposes. The 

treatment efficiency results indicate that Grifaid® filters remove 100 % of the faecal 

bacterial indicators and 100 % of turbidity from the treated rainwater. The pH value 

of the treated rainwater remains unaffected, while further treatment must be 

considered for the chemical indicators.  
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