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ABSTRACT
Winemaking produces large volumes of poor quality water. The possibility to re-use this water for vineyard irrigation was
investigated in a field trial. For this purpose, winery wastewater had to be diluted to chemical oxygen demand (COD) levels
ranging between 100 and 3 000 mg/€. The relatively simple infrastructure and procedure required to dilute the winery
wastewater in 15 m? tanks are described. Analyses of the diluted winery wastewater confirmed that the COD concentrations
were reasonably close to the target values. Furthermore, measuring COD concentrations in the irrigation water while it
was being pumped from the tanks confirmed that the concentrations of diluted wastewater within the tanks were fairly
homogeneous, and that effective mixing had taken place while tanks were being filled. The COD measurements were more
reliable when the oxidation time was standardised at 2 h compared to shorter periods, irrespective of the level of COD in the
water. After initial practical problems and sources of error were eliminated, the accuracy of treatment application obtained

in terms of the target COD concentrations was acceptable.
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INTRODUCTION

Wineries produce large volumes of wastewater, particu-
larly during the harvest period from February until March.
Generally, the chemical oxygen demand (COD) in the waste-
water (Arienzo et al., 2009; Mulidzi et al., 2009a; Conradie et
al., 2014) is higher than the allowable limits for irrigation of
agricultural crops as stipulated by the General Authorisation
for legislated limits for irrigation with wastewater in South
Africa (DWA, 2013) (Table 1). Surveys have shown that soil
chemical conditions deteriorated where grazing paddocks were
irrigated with winery wastewater over a period of time (Mulidzi
et al., 2009b). Furthermore, the sodium (Na) in the water could
accumulate in the soil, which could have negative effects on the
soil physical properties in the long run (Arienzo et al., 2009;
Laurenson et al., 2012). This could be more pronounced in dry
regions where winter rainfall is inadequate to leach accumu-
lated salts from the soil. An alternative to the grazing paddocks
would be to re-use diluted winery wastewater for irrigation of
agricultural crops. Since many wineries are close to, or even
surrounded by, vineyards, it would be a logical alternative to
re-use the diluted wastewater to irrigate grapevines. To assess
the effects of diluted wastewater on grapevine growth, yield
and wine quality, a research project was initiated and funded
by the Water Research Commission (WRC). The project was
co-funded by Winetech and the Agricultural Research Council
(ARC). The Infruitec-Nietvoorbij institute of the ARC at
Stellenbosch was contracted to carry out the field experiment.
The grapevines had to be subjected to irrigation with win-
ery wastewater containing a range of COD levels to determine
a possible threshold concentration for sustainable use. Control
grapevines were irrigated with river water (raw water). Since
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one of the major objectives was to assess the effect of the waste-
water irrigation on wine quality characteristics, the experi-
ment plots had to be large enough to produce at least 40 kg of
grapes, i.e., the minimum required for small-scale winemaking.
Furthermore, the water had to be applied with micro-sprinklers
rather than drip to (i) distribute the water over the total surface
and (ii) reduce the risk of emitter clogging. Therefore, relatively
large volumes of water were required to apply a single irrigation
for the 3 replication plots of each treatment. Consequently, the
wastewater had to be diluted in large containers. Since previous
wastewater studies were carried out in laboratories (Laurenson
etal.,, 2012), there were no guidelines for diluting winery waste-
water on such a large scale.

The objective of the study was to evaluate the efficiency of the
dilution procedure where grapevines were subjected to irrigation
with winery wastewater containing different levels of COD.

MATERIALS AND METHODS
Experimental vineyard and layout

The field trial was carried out in an 8-year-old commercial
Cabernet Sauvignon/99 Richter vineyard near Rawsonville in
the Breede River grape-growing region of the Western Cape,
at 33° 41’ S latitude. The region has a Mediterranean climate
and, based on the growing degree days from September until
March (Winkler, 1962), the specific locality is in a Class V
climatic region (Le Roux, 1974). The vineyard is located on
an alluvial floodplain of the Du Toit’s Kloof Mountains. The
sandy soil belongs to the Longlands form (Soil Classification
Working Group, 1991). The soil was deep delved to 1.0 m
before planting. Grapevines were planted 2.4 m x 1.2 m and
trained onto a 4-strand lengthened Perold trellis (Booysen

et al.,, 1992). During a WRC workshop on 15 May 2008 in
Stellenbosch, the terms of reference for the project, includ-
ing the 8 COD levels to which the winery wastewater had

to be diluted, were finalised (Table 2). All treatments were

643


http://dx.doi.org/10.4314/wsa.v41i5.07
http://www.wrc.org.za
mailto:myburghp%40arc.agric.za?subject=

TABLE 1
General Authorisation for legislated limits for chemical oxygen demand (COD), faecal coliforms, pH, electrical conductivity
(EC) and sodium adsorption ratio (SAR) for irrigation with wastewater in South Africa (DWA, 2013)

Parameter Maximum irrigation volume allowed (m?/day)
<50 <500 <2000
COD (mg/t) 5000 400 75
Faecal coliforms (per 100 m¢) 1000 000 100 000 1000
pH 6-9 6-9 5.5-9.5
EC (mS/m) 200 200 70-150
SAR <5 <5 Otbher criteria apply
TABLE 2
Range of COD levels to which the winery wastewater was diluted for the different treatments
Control Target COD level in diluted winery wastewater (mg/2)
T1 T2 T3 T4 T6 T7 T8 T9
River water* 100 250 500 1000 1500 2000 2500 3000

*Abstracted from the Holsloot River

Flow meter (2.5 m3/h)
To plots in vineyard 4=

N

Flow meters (5 m3h)

Winery wastewater
from stock dam

River

—+¢ water

Figure 1
Diagram to illustrate the components used to dilute the winery
wastewater in the tanks

replicated 3 times in a randomised block design. The experi-
mental plots and grapevines were marked in July 2009.
Experimental plots comprised 2 rows of 6 grapevines each,
with 2 buffer grapevines at each end and a buffer row on each
side. Each experimental plot covered 104 m?.

Installation and commissioning of the infrastructure

The micro-sprinkler irrigation system, which allowed irriga-
tion of the individual treatments, was installed in the vineyard
during August 2009. To prevent possible damage to grapevine
shoots during installation of the irrigation system, it was essen-
tial to complete this task before bud break in September. The
micro-sprinklers (White base/white swivel, Gyro Sprinklers,
Brackenfell) had a 30 €/h flow rate at 100 kPa. The 400-m long,
110-mm diameter PVC pipeline required to convey the water
from the wastewater pit at the winery to the experimental
vineyard was also installed in August 2009. The COD levels in
winery wastewater can vary considerably as the winery activities
change over the course of a day. Therefore, the wastewater was
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first collected in a 20 m® stock dam to obtain water with a stable
concentration. The wastewater was pumped from the stock dam
using a 30 m*/h pump to the 8 plastic tanks, one for each dilution
treatment, at the mix and distribution facility near the vineyard.
The distribution system design allowed irrigation with diluted
wastewater from the tanks, as well as direct irrigation with river
water (Fig. 1). It was estimated that the vineyard would require
35 mm irrigation every 14 days to allow approx. 50% plant avail-
able water depletion between irrigations. Since it was decided

to rinse the irrigation system with 2 m’ river water following
each diluted winery wastewater irrigation, only 13.5 m*® diluted
wastewater was required for the 3 replication plots of each treat-
ment. Based on this, the wastewater was diluted in 15 m? tanks,
which allowed 1.5 m® spare capacity to reduce the risk of waste-
water spills. Construction of the wastewater mix and distribution
facility commenced on 15 January 2010, and was completed on

9 February 2010. Commissioning of the water mix and distribu-
tion facility was completed on 12 February 2010.

The operational wastewater treatment, which was followed
for this winery but may also be applicable to other wineries, is
as follows: Wastewater coming from the winery is first screened
to remove coarse particles. During this process, lime is added
to increase the pH of the water. The wastewater then flows
through a sedimentation pond to allow settling of substances,
e.g., tartaric acid. The treated water is collected in a pit from
where it is pumped onto a grass paddock.

The dilution or mixing procedure for the field trial was
carried out according to the following steps: First, the stock
dam was filled with wastewater from the collection pit at the
winery. Following this, the COD in the stock dam water, as
well as in the water from the Holsloot River, approx. 80 m from
the tanks, was measured. The COD in the water samples was
measured using a portable spectrophotometer (Aqualitic COD-
reactor, Dortmund) with the appropriate test kits (COD, CSB,
0-15000 mg/¢). This procedure requires a 2-h oxidation time.
The COD levels were used to calculate the volumes of winery
wastewater and water required to obtain the different target
COD levels (Table 2). The volume (m°) of wastewater required
from the stock dam (V) to obtain a certain target COD concen-
tration (COD ) was calculated as follows:

V,=(COD,-COD,) x V /(COD, - COD,) 6))
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where: COD, and COD; are the COD concentrations (mg/¢)

in the river water and the stock dam, respectively, and V., is
the tank volume (m’). Since the COD,, was undetectably low,

a value of 1 mg/€ was used in the calculations. The required
volume of winery wastewater for a specific treatment was first
pumped into the designated tank. Following this, the tank was
filled by pumping water from the river. Since the inlets were
near the bottom of the tanks, the river water was forced to flow
through the wastewater already inside the tanks. Furthermore,
the inlet on the inside of the tank was set at an angle to create
a swirling effect while water was flowing into the tank (Fig. 1).
Once the tanks were filled, the water was pumped onto the
treatment plots using 2.5 m*/h pumps (Fig. 1).

Approximately 1 h after the irrigation commenced, the COD
in the diluted water was measured at the tank outflows. To avoid
the settling of substances, the diluted water was never allowed
to stand overnight in the tanks. Irrigations were applied almost
immediately after the tanks were filled. Since the infrastructure
was only completed during fruit ripening in the 2009/10 season,
only 3 diluted winery wastewater irrigations were applied after
the grapes were harvested. In the 2010/11, 2011/12 and 2012/13
seasons, 3 wastewater irrigations were applied before harvest,
followed by 3 irrigations after harvest.

RESULTS AND DISCUSSION
Efficacy of wastewater dilution

The seasonal COD in the diluted winery wastewater was gener-
ally close to the treatment target values presented in Table 2.
However, in some cases the COD in the diluted water differed
from the target treatment values. Therefore, the standard devia-
tion from the mean was relatively large, particularly during

the 2009/10 season (Fig. 2A). Possible reasons for the deviation
from the target COD levels were as follows: The main pipeline
was initially filled with river water after the system had been
completed. The COD concentration in the water in the pipeline
was not accounted for and, therefore, probably had a diluting
effect when the water was mixed. From the second irrigation
onwards, the main pipeline was filled with winery wastewater
before the water was pumped into the tanks. The water meters
used to monitor the volumes of water flowing into the tanks
also presented problems, particularly when the flow rates
increased when only 1 or 2 tanks were being filled at a time.
This problem was overcome by marking the required water
levels on the outside of the translucent tanks. An operator error
also occurred when the plunger of the mechanical pipette was
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Figure 2

Relationship between mean actual chemical oxygen demand (COD) in diluted winery wastewater applied to grapevines and the target COD levels of
treatments T2 to T9 in the (A) 2009/10, (B) 2010/11, (C) 2011/12 and (D) 2012/13 seasons. Vertical bars indicate standard deviation.
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pressed too deep when the water samples were transferred into
the test kit vials for the spectrophotometric COD measurement.
This caused an overestimation of the COD level in the stock
dam, which in turn resulted in too low COD levels in the diluted
water in the tanks, particularly when low COD in the winery
wastewater required sample volumes of 2 m€ compared to the
0.2 m¢e required for the higher COD levels, i.e. > 1 500 mg/¢.

Since the dilution and irrigation procedures took almost
3 days to complete, the project team investigated ways to save
time. According to the technical advice from a supplier of COD
test kits, 1-h oxidation time would be adequate for most COD
levels in water samples. If the oxidation time could be reduced,
it would significantly reduce the time required to carry out the
whole procedure as described above, particularly the 2-h waiting
period after the stock dam had been filled. Consequently, it was
decided to reduce the oxidation time for the samples from the
stock dam to 1 h for the second and third treatment applications
in 2009. Since the actual COD levels after mixing were higher
than the target levels in the second and third irrigations, the
possibility that the 1 h oxidation time could have resulted in an
underestimate of the COD concentrations, particularly in the
stock dam, was investigated. The COD in the water of 3 treat-
ments was measured in triplicate after different oxidation times.
These results showed that the COD reading became constant in
less than 1 h when the COD concentrations were below approx. 2
000 mg/e (Fig. 3). However, in the case of the high concentrations,
e.g., in the stock dam, the COD readings only reached a plateau
after approx. 90 min. Based on these findings it was decided to
standardise the oxidation time for all COD analyses to 2 h.

As the project progressed, the abovementioned problems
and possible causes for error were addressed and eliminated
where possible. Due to this, the accuracy of the treatment
application improved substantially in the subsequent seasons
compared to 2009/10 (Fig. 2B, 2C & 2D). Furthermore, after
each irrigation, the target COD for the following irrigation was
adjusted as follows:

C,=(C.xn)-2C, @
where: C, is the adjusted COD concentration, C, is the target

COD for a specific winery wastewater dilution treatment, # is
the number of the irrigation to be applied in a particular season
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Figure 3

The effect of oxidation time on spectrophotometrically measured
chemical oxygen demand (COD) in winery wastewater that was diluted
to different COD levels. Vertical bars indicate standard deviation.
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and C, is the sum of the actual COD concentrations for the pre-
vious irrigations applied in the season. This continuous adjust-
ment contributed to the fact that the mean actual COD was
close to the target COD required for the different treatments for
each of the 4 seasons (Fig. 2). This means that the actual total
COD in the water applied was similar to the ideal situation, i.e.,
if the actual COD in the diluted winery wastewater had been
exactly the same as the target for each irrigation.

Before the field work commenced, one of the major con-
cerns was the efficiency of the mixing process in the tanks,
i.e., during filling. On 12 April 2010, the variation in COD was
measured as the irrigation progressed. The duration of the irri-
gations varied between 4.5 h and 5.5 h. Hence, water samples
were collected 1 h, 2.5 h and 5 h after the irrigations started.
Water was sampled in triplicate only at the T4 and T9 tanks.
Analyses of the water showed that the COD levels remained
reasonably constant as the irrigation progressed, irrespective
of the COD concentration (Fig. 4). Furthermore, it indicated
that the COD concentrations in the diluted wastewater within
the tanks were fairly homogeneous, and that effective mixing
occurred while the tanks were being filled.

CONCLUSIONS

The relatively simple mix and distribution facility allowed dilu-
tion of large volumes of winery wastewater to a range of COD
levels required for irrigating grapevines in a field trial. After
initial practical problems and sources of error were eliminated,
accuracy in terms of treatment application of the target COD
concentrations was acceptable. Measuring COD concentrations
while the irrigation water was being pumped from the tanks
confirmed that the concentrations of diluted winery waste-
water within the tanks were homogeneous, and that effective
mixing had taken place while the tanks were being filled. By
adjusting the COD level for the next irrigation according to the
total COD applied via the preceding irrigations in a particular
season, close agreement was obtained between the mean actual
COD and the target values. When doing COD measurements,
results will be more reliable if the oxidation time is standard-
ised at 2 h, irrespective of the level of COD in the water. The
effect of irrigation with winery wastewater on the soil and
grapevines will be reported in subsequent articles.
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Temporal variation in chemical oxygen demand (COD) in diluted
winery wastewater pumped from the mixing tanks for the irrigation of
grapevines of 2 respective treatments, i.e., T4 & T9. Vertical bars indicate
standard deviation.
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