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ABSTRACT
Increasing incidents of drought spells in most Sub-Saharan African countries call for exploration of innovative alternative
sources of water for irrigation. A study was conducted to investigate the cation concentrations for different disposal points
of treated wastewater and for borehole water. A 4 x 5 factorial experiment included a borehole as a reference sampling site
plus three other sampling sites along the wastewater disposal system over 5 months. Monthly collected water samples were
analysed for pH, EC, Ca, Mg, Na and K, with sodium adsorption ratio (SAR) computed and compared with those of water
from the borehole, the FAO-desired ranges and the South African (SA) quality standards for irrigation water. Except at two
sampling sites during one month, pH values were within the FAO-desired range. Relative to the FAO desired ranges and SA
water quality standards, most variables in treated wastewater were much lower, suggesting that the test treated wastewater was

suitable for irrigation.
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INTRODUCTION

Worldwide, water scarcity due to consistent droughts and
increased water quality degradation are concerns that
intensify with the advent of global warming. The resulting
increase in water demand impacts negatively on agricultural
water supplies, particularly in water-scarce countries like
South Africa (Qadir et al., 2007; DWAF, 2013). Consequently,
alternative sources for irrigation water are being investigated
as a strategy to combat water scarcity challenges in various
countries (Angelakis, 2003; AATSE, 2004; Ensink et al., 2004),
with the use of treated wastewater being one such strategy.
However, irrigation with wastewater could result in unintended
consequences such as introducing cations Ca, K, Mg and Na
(Angelakis et al., 2003; Rusan et al., 2007), thereby impacting
either negatively or positively on the chemical component of
soil health (NRCS, 2015).

Mulidzi et al. (2015) observed high Na and K
concentrations in treated wastewater, along with low Ca and
Mg concentrations. Imbalances in cations could explain the
reported high soil pH (Schipper et al., 1996), fluctuations
in wastewater pH (Rusan et al., 2007) and changes in soil
fertility when agricultural lands have been irrigated with
treated wastewater (Mosse et al., 2011). However, high
acidic or basic cation concentrations could result in ionic
toxicities to crops, with increased incidents of leaching into
groundwater resources or introduction into other surface
water resources through unmanaged run-offs (Christen et
al., 2010).

Generally, the quality of treated wastewater depends to
a great extent on the quality of municipal water supply, the
efficacy of the treatment plants, the nature of chemical wastes
added during use, post-treatment handling and disposal of
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such water prior to irrigation (Pedrero et al., 2010). Effluents
from households, restaurants and hospitals discharge
numerous acidic and basic chemical compounds that could be
detrimental to agricultural soils (Al Salem, 1987; Amouei et al.,
2014). Treatment of wastewater entails physical, chemical and
biological operative methods (Kumar and Chopra 2012), which
are intended to debulk most of the undesirable entities, with
the remaining water being disposed of as treated wastewater.
Generally, the cation concentration of water in wastewater
resources is dependent on sources of disposed wastes.

Post-treatment, wastewater is disposed through a
combination of furrows and canals to storage dams, where the
liquid part is further evaporated to leave the solid part that is
removed to enhance the repeated use of such disposal dams.
Part of treated wastewater on its way to the main disposal dam
could be diverted for use in irrigation, as had been the case at
the University of Limpopo Experimental Farm (ULEF). After
a series of treatments at the Mankweng Wastewater Treatment
Plant (MW WTP), the treated wastewater flows in an open
furrow from the initial point of discharge to the canal prior
reaching the night-dam. An assumption, which had not been
subjected to empirical analysis, had been that in the night-dam
most cations settle to the bottom soon after disposal through
the entry site, thus improving the quality of treated wastewater
prior to use for irrigation.

The ‘pure’ treated wastewater was delivered to the irrigated
lands through the exit site, which was on the opposite side of
the entry site to the night-dam. Approximately 50 m from the
night-dam is a borehole, used for potable water and irrigation
of fields for production of a variety of vegetables. The cation
concentrations of water from the exit of Pond 16 in MWWTP
(which discharges wastewater into an approximately 2.9 km
furrow to the canal entry site of the night-dam, followed by the
piped exit site of the night-dam), along with that of the nearby
borehole, had not been documented. The objective of this
study was to quantify and compare the cation concentrations
of borehole water and treated wastewater at the entry into the
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furrow from Pond 16, entry into night-dam at ULEF, and exit
site from the night-dam, over a period of 5 months, from July to
November 2016.

METHODOLOGY
Study site description

The study was conducted on water from MWWTP (23°50'59" S;
29°42'27" E) exit of Pond 16 into the furrow that conveyed
water to the night-dam at ULEF (23°49'58" S; 29°42'27" E), the
entry and exit sites of the night-dam and the adjacent borehole.
MWWTP received effluent from a number of industries in
Mankweng Township (23°53'12" S; 29°43'53" E), namely,
University of Limpopo (23°52'51" S; 29°44'18" E), Mankweng
Hospital (23°52'51" S; 29°43'33" E), two local shopping centres,
filling stations, various human settlements and runoff water
from buildings. The effluent undergoes physical, biological

and chlorine treatments prior to disposal into the furrow

for conveying treated wastewater to the night-dam at ULEF.
After physical treatment, excess water is disposed through a
series of 16 dams, referred to as maturation ponds, each being
30 m x 90 m. In Pond 01, the disposed water is subjected to
chlorine treatment - primarily for biological treatment. After
the disposed water has been temporarily stored in a series of

16 ponds, the disposed water through the furrow is technically
referred to as treated wastewater. Water samples were collected at
4 sites, namely, (a) exit of Pond 16 into the furrow, (b) entry into
night-dam, (c) exit of night-dam to irrigated fields and (d) exit
from borehole to irrigated fields. The samples were collected on
the 15" of each month, from July to November 2016.

Water sampling and analysis

Water samples were collected in 1-L sterile bottles and
transported in portable ice chests to the University of Limpopo
soil science laboratory, for determination of pH and electrical
conductivity using pH and conductivity meters, respectively.
Total suspended solids and total dissolved solids were
determined following American Public Health Association
(APHA) standard methods (2005). For cations, prior to
sampling, the 1 L polypropylene containers were filled with
diluted hydrochloric acid and then rinsed several times with
water collected from the sampling site. Containers were kept at
less than 4°C prior to analysis. Water samples were pre-treated
using ultrapure HNO, for 16 h to reduce pH to less than 2 and
then subjected to ICP-OES analysis for Ca, Mg, Na, K and Al
(USEPA, 1996). Sodium adsorption ratio was then calculated
using the following formula (Suarez et al., 2006):

Nat

SAR = ||§ (Ca2++Mg2+) (1)

where Na, Ca, and Mg concentrations were expressed in mEq-L™".

Statistical analysis

Data were subjected to factorial analysis of variance (ANOVA)
using Stata 12 software (StataCorp, 2011). Interactive effects
of sampling site and sampling period were assessed, with
matrix tables used to further assess the effects of sampling
site and period on pH, EC and cation concentrations relative
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to samples collected from the borehole site. Treatment means
were separated using Duncan multiple range test (P < 0.05)
and, unless otherwise stated, results were discussed at the
probability level of 5%. The total treatment variation (TTV) for
all factors was computed using the formula:

TTV = (MSS/total) x 100 @)

where MSS = mean sum of squares and total = total mean sum
of squares

Relative impacts of the different factors were calculated using
the formula:

R.L (%) = [(treatment/reference point) - 1] x 100 3)
RESULTS
pH and electrical conductivity

The site x time interaction was highly significant for pH and
EC of test water, contributing 14% and 12% of total treatment
variation (TTV) for the respective variables (Table 1). The
interaction results were further subjected to the two-way
matrix table, where the magnitude and direction of the effects
were shown. Relative to borehole water, pH was significantly
reduced during July in night-dam exit and Pond 16 exit by 38%
and 71%, respectively, and then remained stable throughout the
sampling period (Table 2). Generally, relative to the borehole
water, the EC of the treated wastewater was also stable, showing
significant increases of the variable as affected by the sampling
site and the sampling time period.

Cations and SAR

The site x time interaction was highly significant for Ca,
Mg and SAR, with contributions in TTV for the respective
variables being negligible, and therefore not discussed (Table 3).
Similar negligible effects were observed for the time factor. In
contrast, the collection site had highly significant effects on Ca,
Mg, K, Na and SAR, contributing 98%, 100%, 84%, 55% and
70% of total treatment variation for the respective variables.
Relative to the borehole water, Ca was reduced from
11.87 mg-kg™ to 8.37 mg-kg™ in Pond 16. Magnesium at the
treated wastewater sites was as low as 3.48 mg-kg™, 3.19 mg-kg™
and 3.04 mgkg™, when compared to 80.93 mg-kg™ in the borehole
water. Sodium, with the exception of the night-dam entry, was

TABLE 1
Partitioned sources of variation for pH and EC of treated
wastewater used for irrigation at the University of Limpopo
Experimental Farm
Source DF pH EC
MSS TTV (%) MSS TTV (%)
Block 2 0.16 1 0.06 ons
Collection site (A)| 3 2.32 8™ 9.69 22"
Months (B) 21.77 76" | 29.87 677
AxB 12 3.93 147 5.25 12
Error 38 0.63 2 0.07 0
Total 59 28.81 100 4493 100

Total treatment variation [TTV (%)] = (MSS/TOTAL) x 100.
***Highly significant at P < 0.01, *Significant < 0.05, "Not significant at P > 0.05
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reduced from 40.3 mg-kg™' to 27.10 mg-kg™ and K reduced from Relative to the borehole water, SAR in Pond 16 exit, night-

8.52 mg-kg ™ to 8.27 mgkg™ from Pond 16 to night-dam exit, dam entry and night-dam was increased by 520%, 367% and
respectively (Table 4). Generally, Ca, Mg, Na and K values in the 272%, respectively (Table 5). However, at all sampling sites,
borehole water were far above the FAO-desired ranges, whereas water had SAR values that were below the FAO-desired range.
those of treated wastewater, except for Na that was within the Except in November where SAR of treated wastewater was

FAO-desired range at the night-dam entry and K that was within increased by 37% and in August and September where it was
(night-dam exit and Pond 16 exit) and slightly above (night-dam reduced by 47 and 3%, respectively, SAR in October did not

entry), were all far below the FAO-desired ranges. differ relative to July as the initial sampling time (Table 5). In
TABLE 2
Distribution of pH and EC in treated wastewater relative to that from borehole water used for irrigation over 5 months at the
University of Limpopo Experimental Farm
July August September October November
Collection site
Variable R.1. (%) Variable R.1. (%) Variable R.l.(%) | Variable R.1. (%) Variable | R.l (%)
pH
Borehole 5.68 - 7 28 8.21% | 45 8.01% 41 5.90%¢ 4
Night-dam exit 3.54¢ -38 8 32 6.23% 10 7.23%® 27 7.58% 34
Night-dam entry 6.11% 8 8® 32 6.86" | 21 6.98® 23 6.87% 21
Pond 16 exit 1.63¢ -71 8 35 6.49% 14 7.28% 28 7.78% 37
South African water
. 11 <6.5
quality guidelines
EC (dS-m™)
Borehole 1.01%h - 1.37% 36 1.22f" | 20 1.42% 41 1.01%h 0
Night-dam exit 7.21° 614 0.75¢ -26 1.66f 64 1.43f% 42 3.22% 219
Night-dam entry 5.18" 413 1.19%" 17 2.82¢ | 179 1.81f 79 3.744 270
Pond 16 exit 5.81¢ 475 0.43" -57 1.08feh 7 0.78¢" -23 4.36° 332

YColumn means followed by the same letter were not different (P < 0.05) according to Duncan multiple range test.
“Relative impact (%) = R.1. (%) = [(wastewater/borehole) - 1] x 100.

TABLE 3
Partitioned sources of variation for Ca, Mg, K, Na and sodium adsorption ratio (SAR) of treated wastewater used for irrigation at
the University of Limpopo Experimental Farm

Source Ca Mg K Na SAR

MSS TTV (%) Mss TTV (%) Mss TTV %) MsS TTV (%) MsS TTV (%)
Block 23.39 0 9.50 o 6.19 2m 2280.69 12m 0.54 1
Collection site (A) | 13978.02 98™ 23819.51 100™ 236.14 84™ | 10641.99 55™ 48.14 70"
Months (B) 155.32 1 24.83 0 13.53 50 3523.98 18 15.60 23"
AxB 103.73 ™ 21.32 0™ 8.19 3n 1400.03 7 3.42 5
Error 3.10 0 6.82 0 15.42 6 1462.50 8 0.75 1
Total 14263.57 100 23881.98 100 279.47 100 19309.19 | 100 68.44 100

Y Total treatment variation [TTV (%)] = (MSS/TOTAL) x 100; **Highly significant at P < 0.01; "Not significant at P < 0.05.

TABLE 4
Ca and Mg concentrations (mg-L™) in treated wastewater relative to that from borehole water used for irrigation at the University
of Limpopo Experimental Farm

Sampling site” ca Mg Na K

VariableY R.l. (%)* Variable R.l. (%) Variable R.1. (%) Variable R.l. (%)
Borehole 70.94* - 82.93* - 88.60° - 16.73¢ -
Night-dam exit 9.63¢ -86 3.48° -96 27.10° -69 8.27° -51
Night-dam entry 11.87° -83 3.19° -96 58.50% -34 10.12° -40
Pond 16 exit 8.37° -88 3.04° -96 40.3° -55 8.52° -49
FAO-desired range 40-120 6-24 50-120 5-10
f}olllatl}iltl;f(r}ilci?ir;lines 70-115

YColumn means followed by the same letter were not different (P < 0.05) according to Duncan multiple range test.
“Relative impact = R.I. (%) = [(wastewater/borehole) - 1] x 100.
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TABLE 5
Relative impact (R.l.) of sodium adsorption ratio (SAR) of
treated wastewater used for irrigation at the University of
Limpopo Experimental Farm as affected by sampling site
and time
Sampling site SARY |RuL.(%)| SAMPING | cap | RiL (%)
time
Borehole 0.82¢ | - July 3.57° -
Night-dam exit | 3.05* | 272 | August | 1.89¢ | -47
Night-dam entry | 3.83" | 367 |September| 2.46< | -3
5.08° | 520 | October | 3.17% | -11
Pond 16 exit
- - | November | 4.88* 37
FAO-desired 6.0-9.0
range.
South African
Quality Guidelines 2.0-8.0

YColumn means followed by the same letter were not different (P < 0.05)
according to Duncan multiple range test
“Relative impact = R.I. (%) = [(wastewater/borehole) - 1] x 100

all sampling months, SAR values of treated wastewater were
below the FAO-desired range.

DISCUSSION
pH and electrical conductivity

Hydrogen ion concentration denoted by pH is an essential
variable, on the basis of which water could quickly be assessed
for its suitability for irrigation. The observed pH value in
both borehole and wastewater sources were well within the
FAO limits and SA water quality guidelines for vegetable
production, including for onions, indicating that the water
might be safe for irrigation. However, in August, the three
wastewater sources reported an average pH of 8, which
could result in high pH soils if a continued use is observed.
The observed high pH in August could have been due to

the increase in temperature, which could have promoted
higher rates of chemical reactions in water (Barron et al.,
2006). In contrast the high values of pH could be beneficial
in soils experiencing low pH, as it affects mobility of
nutrients (Oliveira et al., 2016). Normally, the safe pH range
in water is 6.5 to 8.4 (Jeong et al., 2016), but this could vary
according to soil type. The highest observed pH values in
the current study were similar to those observed in Isfahan,
Iran, by Abedi-Koupai et al. (2006), who reported a pH of
7.8 for wastewater samples. Although pH values fluctuated
with the different months, treated wastewater had higher
pH values thanborehole water. Irrigation with high pH
water could result in high root-zone pH, which can tie up
micronutrients, especially in crops with a high demand for
iron (Hulme, 2012).

The observed EC values from this study varied with the
different months of sampling. The lowest EC of 0.43 dS-m™ was
observed in Pond 16 exit, in August, while the highest value
of 7.21 dS-m™ was in night-dam exit which is the exit point for
irrigation. The observed variation could be due to the added
salts that move with water in open furrows when transported
from Pond 16 to the night-dam. Electrical conductivity is
associated with salinity and could cause severe damage to
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crops if it is above recommended standards (Kiziloglu et al.,
2008). The value is above set standards of 3.00 dS-m™ which are
considered severe (Ayers and Westcot, 1995; Jeong et al., 2016).
Castro et al. (2011) reported that soils irrigated with high-EC
water resulted in high soil EC and salinity, for this study of the
effects of wastewater irrigation on soil properties and turf grass
growth. Results of the current study were in contrast with the
EC values in Isfahan, Iran (Abedi-Koupai et al., 2006), which
were within the standards set by FAO (2010).

Cations and sodium adsorption ratio

The observed lower Ca concentrations in wastewater sources
relative to that in the borehole water indicated, to an extent,
the efficacy of the treatment plant in reducing this critical

ion in treated wastewater. Calcium concentrations of treated
wastewater sources in various sampling sites and times were
below the recommended maximum Ca guideline of lower than
40 mg-L™" for treated wastewater irrigation (Ayers and Westcot,
1994; Alberta Environment, 2000; Al-Jasser, 2011). Water with
low Ca concentrations is generally viewed as soft water, which
is suitable for irrigation (Swistock, 2017) and automatically
qualifies for use in best agricultural practices since it
ameliorates soil hardness. Calcium concentrations in treated
wastewater have been reported as being too high, with ranges
from 52 to 100 Ca mg-L™' (Al-Jasser, 2011). However, in other
areas the cation concentration ranged from 15 to 84 mg-L™'
(Balkhair and Ashraf, 2016).

The observed Ca concentrations from the borehole in the
current study were considerably lower when compared with
those in Chitar River Basin, India (Subramani et al., 2005).

In other countries, water used for irrigation is moderately
hard (40-60 Ca mg-L™") (Swistock, 2017), whereas in other
countries groundwater and surface water used for irrigation is
exceedingly hard (> 280 mg-L™") (Orzepowski and Pulikowski,
2008). In the current study, the high Ca values in borehole
water could be associated with groundwater pollution from
the storage facilities of treated wastewater, as the night-dam
for water discharged from MWW'TP was approximately 50 m
upslope of the borehole. Generally, salts that leach deeper into
the soil have been reported to be the major contaminants of
underground water (Tandyrak et al., 2005).

Magnesium concentrations in the treated wastewater
sources relative to the borehole water were generally low
when compared to those from borehole water in other
countries (Orzepowski and Pulikowski, 2008). Both Mg and
Ca are associated with soil aggregate stability and friability
(Swistock, 2017). These two elements are usually required in
high quantities in soil. However, Mg concentrations that are
higher than 200 mg-L™ in irrigation water when in soil solution
could result in high pH values, with resultant reduction in the
availability of P, Cu and Zn (Khodapanah et al., 2009).

Similar to Ca and Mg, higher K concentrations in borehole
water were observed when compared to treated wastewater
sources. The lowest concentration which was observed in
the night-dam exit could be associated with settling to the
bottom of the night-dam prior to release. The K value in
borehole water (16.73 K mg-L™") was slightly above the desirable
range (0-10 mg-L™') of K in irrigation water (Swistock, 2017).
Potassium is vital in tolerance of plants to various stress
situations such as drought, low temperature and/or salinity
(Tisdale et al., 1999).

High Na levels in wastewater would not be suitable for the
soils to which it would be applied due to Na ions adsorbing
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onto the soil cation exchange sites, causing soil aggregates to
disperse, sealing the soil pores, and making it impermeable to
water flow (Emongor and Ramolemana, 2004). Generally, Na
concentrations are considered moderate when they are just
above 70 mg-L™' (Pedrero et al., 2010), which was close to the
concentration observed for borehole water in the current study.
Thus, Na in the wastewater sampling sites in night-dam exit,
night-dam entry and Pond 16 were at 27.10, 50.50 and 40.3
mg-L™, respectively. For all of the sites sampling suggested that,
in terms of Na, the water was suitable for irrigation. However,
the values could only be recommended for short-term use, as a
build-up in Na in soils could lead to sodicity (Abrol et al., 1988).
Also, Na concentrations observed in the treated wastewater
sources in the current study were considerably lower when
compared to 109.7 mg-L™' from similar sources (Orzepowski
and Pulikowski, 2008) and treated river water streams (123.60
mg-L™) in other countries (Alobaidy et al., 2010).

Sodium adsorption ratio is often used as a suitability
indicator for irrigation water use. Generally, the higher the
SAR, the less suitable is the water for irrigation purposes (Abrol
et al., 1988). The current study demonstrated that, in terms of
SAR, the treated wastewater was in Class S1, which is a low
Na hazard and suitable for irrigation. All the observed SAR
values were below the FAO and SA water quality desired ranges.
Furthermore, the results of the current study demonstrated
that borehole water had the lowest SAR when compared to the
treated wastewater sampling sites. In terms of SAR, variability
was mainly introduced by the sampling period, which is in
agreement with observations for effluents from Al-Rustamia
Wastewater Treatment Plant in Iraq (Shakir et al., 2017).

Water with SAR values above the FAO-desired ranges is not
suitable for use in irrigation (Ayers and Westcot, 1985), since it
invariably leads to deterioration of the physical structure of soil
(Shakir et al., 2017).

CONCLUSION

Comparison of the variables measured in the test treated
wastewater and the FAO-desired range standard for irrigation
water, suggested that the treated wastewater was suitable

for irrigation. The causes of the variability of the treated
wastewater in terms of location along the disposal system and
temporary storage sites, as well as during the sampling period,
were not clear. In the test treated wastewater, some caution
should be taken for K, since it hovered within and slightly
higher than the FAO-desired range. Also, in the current study,
it was clearly shown that the treated wastewater had relatively
lower concentrations of cations than the borehole water, with
SAR being the highest in Pond 16. However, all SAR values
were below the desired range which confirmed the suitability of
the test treated wastewater and the borehole water for current
irrigation purposes.
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