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ABSTRACT

The contamination of soil by metals from dairy wastewater (DWW) has been evaluated in Limpopo Province. The
pH, electrical conductivity (EC) and total dissolved solids (TDS) of DWW were measured in the field using a
portable Crison MM 40 multi meter, while the pH of soil was measured using a pH meter. The concentrations of Al,
Ca, Cu, Fe, K, Mg, Mn, Pb, Na, Zn and Al, Cu, Fe, K and Mn were measured in triplicate using Perkin Elmer 520
Atomic Absorption Spectrometry (AAS) for DWW and soil respectively. The results of DWW were compared with the
South African standards for wastewater (\W\W) discharge of the Department of Water Affairs (DWA). The results of
DWW and soil were compared to evaluate the probable effects of the disposal of dairy wastewater onto soil. pH
ranges of 6.36 - 8.18 and 7.08 - 8.52 were observed for DWW and soil respectively and were within the set guideline
of DWA. EC and TDS of DWW ranged from 193-593 mS'm and 1293.10-3973.10 mg/L respectively and were higher
than the recommended guideline. The study revealed a high concentration of Al (0.13-0.44 mg/L), Fe (0.16-1.14
mg/L) Cu (0.05-0.10 mg/L), Na (66.50-520.90 mg/L), K (5.10-122.40 mg/L), and Mn (0.04-0.47 mg/L) in DWW and
Al (4770-142182 mg/kg), Fe (1052-3910mg/kg), K (2544-4596mg/kg), Cu (520-5000mg/kg) and Mn (219-4332
mg/kg) in soil respectively. DWW in Limpopo Province is of poor quality and should not be discharged into the
environment without proper treatment.
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INTRODUCTION

Dairy farming is one of the main industries in Liogm Province of South Africa. Dairy activities bega the
Province in 1979. It is one of the leading foodustlies in the province, growing with the latesthieology. At
present, one of the dairy companies in Limpopo ine®/is recognized as the biggest goat’'s milk facto South
Africa and produces 700 litres to 3500 litres oat® milk per day; of this, 70% is used for the gotion of fresh
goat’'s milk and 30% for the production of goat'sebe and other products [1]. In addition, it praduecariety of
dairy products from dairy cows predominately soldarious supermarkets in Limpopo Province.

Dairy industry consumes approximately 4.5 millioAwater per annum in over 150 dairies in South Afrit5% to
95% of the water intake volume is discharged asieit (Water Research Commission[2]. Dairies aspaasible
for discharging large quantities of effluent argsfinom either the process itself and/or cleaniracpsses [2]. DWW
is currently disposed of mainly through land apgiicn and irrigation of pastures with little or poe-treatment.
This could have adverse impact on the animalsféeat on the pastures and possible contaminatigroiendwater.

Water is largely used in dairy processes togethtr some chemicals which often add to the genaratiblarge
volume of wastewater. DWW has become a controMessibject in recent years, which increasingly pntsea
considerable threat to the environment [3]. Thiigely due to poor containment of wastes, disphaf untreated
dairy washings and surface run off of slurriesdwiing application to land; causing the most pollntby dairy
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farming than any other agricultural sources comiiidé. Larger dairy factories dispose their efflu@rio municipal
sewers, though cases of disposal into sea and lansnef land irrigation do occur. In contrast, semaltiairy
factories dispose their effluent basically throdgyhd application and irrigation. Such practiceseppstential threats
to surface and groundwater contamination [2].

Trace elements in dairy effluent can reach coneginotis that have adverse impacts on the dairy ptaxusystem
and also on the environment. Trace elements likpen zinc and other heavy metals such as cadmamenic,
chromium, mercury and some organic contaminantsocanr in dairy effluent. When contaminant leveissbil
become excessive, there is potential for negathEacts on the productivity of the soil and the emvinent, and the
risk of plant and animal uptake to levels that pase a threat to the health of livestock and hunjas@. This
study was undertaken to investigate the possibitacaination of soils by trace metals from DWW.

Study area

Limpopo province (Figurel) is the fifth largest pirice of South Africa situated in the Northern magiThe area is
characterised by Savannahs, or open grasslandgeomeistern part of the province, while the north subtropical
zone containing plains scattered with baobab trébes. average temperatures range from 17° to 27A e
summer and from 4° to 20° C in the winter. Averagaual rainfall totals about 300 mm with most ofaiting in
the summer months.
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Figure 1: Map of Study Area
MATERIALSAND METHODS

Sampling

DWW samples were randomly collected from six diéfar sites following the bottle submersion methotie T
sampling bottles were washed thoroughly and driedr go sampling. They were rinsed several timethvihe
DWW to be collected before collecting 1000 mL freach of the sites. The samples were preserved3with of
55% concentrated
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nitric acid and were subsequently transported ¢outhiversity in a cooler box with ice cubes anédatefrigerated
below 4C. The pH, EC and TDS were measured in the fielldgus Crison MM 40 multi meter. The instrument was
calibrated according to the manufacturer’s guidsihefore measurement.

Soil samples were randomly collected at the top maifile (0-15 cm), with a clean spade from sewampling
points around the dairy farm. The collected samplere left to dry at room temperature for approxahaa week.
Large soil clods were crushed to facilitate themyyprocess and later sieved with a 2 mm sieve.

pH of soil samples was determined using a 1:2veafiér ratio. 10 g of 2 mm sieved air-dried samplese weighed
into a conical flask and 20 énof distilled de-ionized water was added. The mixtwas stirred for about 30
minutes. Then the sample suspensions were allowsthhd for 30 minutes undisturbed. The electrddie pH
meter was then inserted into the settled susper@idnthe pH of soil measured. Before use, the mittmwas
calibrated with standard buffers of pH solution§ 4and 9.

Preparation of calibration standards

The calibration standards for total metal detertmawere prepared from 1000 mg/L stock solutiosgg the
dilution formula. The calibration standard concatitms for Al, Mn, Cu, Zn, Fe and Pb, were 0.5 md/Lmg/L, 2
mg/L, 5 mg/L and 10 mg/L; while that of Na, Ca, Mgwere of 5 mg/L, 10 mg/L, 20 mg/L, 50 mg/L, 10@#n
and 250 mg/L.

Digestion of DWW

3 mL of 55% of concentrated nitric acid was adde80 mL wastewater sample in a 250 mL conical flagk a 10
mL pipette. The mixture was heated on a hot stbad¢on model MPC 30) in a fume cupboard until cliesnes
was formed from the solution which was then allow@dool. The mixture was filtered using Whatman INfilter
paper into a 100 mL conical flask and made up tckméth distilled water[7].

Digestion of soil samples

The method developed by the United States Envirommhérotection Agency (USEPA) for heavy metalsails,
sediments and sludge was employed in the preparafithe samples for analysis: 5.0 g of the samygls weighed
into a 250 criconical flask. 10 crhof 1:1 HNQ, was added, and the slurry was mixed and coverédamvatch
glass and heated on a water bath for 2 hours. digfest was allowed to cool and 5 tof conc. HNQ was added
with continued heating for additional 1 hour on tater bath. The last step was repeated untibxiwation of the
sample by nitric acid was completed. The sampleallasved to cool again and 2 émf de-ionized HO along with

3 cnt of 30% HO, were added with the beaker covered; the sampleheated on water bath to start the peroxide
reaction. A continuous addition of 30%® in 1 nT increments was done, followed by gentle heatintl un
reaction with peroxide became minimal (or effenesse subsided). 5 érof conc. HCI along with 10 chof de-
ionized HO was added and refluxed for an additional 30 reisuThe sample was allowed to cool and filtered
through a Whatman filter paper into a 50%crolumetric flask. The conical flask and filtergea were rinsed with
small volumes of 1:100 HCI, and the filtrate mageto 100 mL volume with distilled water. The prepésample
was analysed for the various metals concentraiiotigplicate using a Perkin Elmer 520 flame atoradsorption
spectrophotometer[8].

RESULTSAND DISCUSSION

Physicochemical characterization of DWW

The pH values of DWW and Soil ranged from 6.36.tt88&nd 7.08 - 8.51, respectively. These pH valelksvithin
the recommended guidelines of the South Africandbmpent of Water Affairs for wastewater dischar@g [The
pH in DWW varied from slightly acidic to alkaline most of the sites investigated. The acidic natdriae DWW
may be due to the breakdown of milk lactose intidaacid and could also be due to acidic chemisaltsh as
phosphoric, nitric and hydrochloric acids used &teaning purposes. While the use of detergents lzasic
sanitizers could be responsible for the observkdliak pH values. pH of soil is regarded as itsnany property
that controls every chemical and biological proesssccurring in it [10]. Some sites showed pH vslbigher than
the Canadian Soil Quality Standard of 6-8 [11]. Mébdns behave differently at different pH. Crogsially show a
very poor response to yield in a pH range <4.5.[p#] is one of soil characteristics that affect #iusorption and
bioavailability of heavy metals [13].

Electrical conductivity is an indicator of the anmbwf dissolved salts in water and usually use@gtmate the
amount of total dissolved solids rather than memguieach dissolved constituent separately [14-ET

concentration greater than 150 mS/m indicates thsemce of high concentration of calcium, sodiuragnesium,
total hardness, chloride and sulphate which may megative impacts on aquatic organisms if dispagedsurface
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water. The EC and TDS varied from 193-593 mS/m B2@13.1-39731 mg/L respectively (Table 1). Average E
(321.67 mS/m) was higher than the DWA standard 250<mS/m [9]. This could be due to increase in
concentrations of sodium and potassium ions aps@nd detergents used for the cleaning of facguypment.

Total metal concentration in DWW

The concentration of zinc and copper within thessiaried from 0.07-0.15 mg/L and 0.05-0.1 mg/lspestively

(Table 1). The average concentration of Zn waseathreshold value of DWA of 0.1 mg/L [9]. The centration

of Cu for each site exceeded the DWA guideline @afi0.01 mg/L. Zn and Cu are usually introduagd DWW

as an added ingredient to livestock feeds, so gseaeent diseases and aid digestion. However, dsiogzn only
absorb 5-15% of the metals they ingest while thfritg is excreted in manure [16]. Steinfeld [18ported that the
remaining 85% of the metals are released and abdartio the soil. Zinc and Cu contaminated soil pase

problem to plants since they can absorb some ofnttals as they build up in the soil. This coulsbdead to poor
plant growth and eventually poison grazing animaigch ingest the soil while grazing [17].

Pb concentration varied between 0.01 - 0.04 mg/lth \an average concentration of 0.02+0.01 mg/L, civhi
exceeded DWA guideline of 0.01 mg/L [9]. Lead isan-essential and toxic metal when present irettacels in
environmental media [18] which easily accumulatedlifferent parts of plant. Exposure to Pb can bendative
over time and could have both acute and chroniic teffects on the animals that feed on the irriggi&ant which
provides a possible route to humans.

Aluminium concentration varied from 0.13 - 0.44 ing/ith an average concentration of 0.29 mg/L. Cutlsethere
is no DWA guideline value for Al in wastewater discge but in the future, the maximum effluent vabeuld not
exceed 0.03 mg/L [9]; the concentration of Al fodnmim this study is higher than the future guidelin

Table 1: Mean concentrations of some physicochemical parameters of DWW

DWA [9]
w1 w2 w3 w4 W5 3 Average quideline
pH 7.86 8.18 6.65 7.02 6.36 6.86 7.16 6.00-9.50
TDS(mg/L)  3088.70 3973.10 1407.00 1447.20 1293.10 72110 2155.17 1200
EC (mS/m) 461.00 593.00 210.00 216.00 193.00 257.00 321.67 <250
Fe (mg/l)  0.16:0.00  0.44:0.00 114002 059200 0.72:0.02  0.90:0.03  0.6620.01 0.30
Mg(mg/L) 149.80+1.12 158.00£3.58 10.73:0.14  19.8050 11.18+0.20 84.48+0.97  72.331.13 100.00
Pb(mg/L)  0.03+0.02  0.01#0.01  0.02+0.01  0.04+0.010.02 £0.02 bdl 0.02+0.01 0.01
Zn(mg/L)  0.15:0.01  0.07:0.02  0.07+0.00  0.08+0.01 1180.02 bdl 0.10£0.01 0.10
K(mg/l) 6704003  5100.02 16.50:0.05 19.60+0.0517.20.01 122.40+0.23  31.25+0.07 -
Na(mg/l) 444.50:0.63 520.90+1.16 186.30+0.38 1560689 180.10+0.18 66.5020.17  258.13+0.52 200.00
Ca(mg/ll)  60.21#1.75 22.520.33  9.64:0.24  40.9320.1 8.050.12 107.40:2.32  41.46+0.82 100.00
Mn(mg/ll)  0.20+0.00  0.04+0.00  0.09+0.20  0.70:+0.01 0.05+0.00 047001  0.26+0.04 0.10
Al(mg/L) ~ 0.24#0.00  0.34+0.00  0.22+0.00  0.44+0.10 130.00  0.34%0.10  0.29+0.10 0.03
Cu(mg/l)  0.10:1.12  0.08+0.00  0.05:0.00  0.10+0.00 .0980.00  0.05:0.00  0.08+0.19 0.01

bdl: below detection limit, -: not available, W1-W6: Sample

Al is a non-essential element and its activitylisgependent. It is not bioavailable for uptake etral and alkaline
pH but becomes bioavailable at low pH. ThereforgoXicity is unlikely to occur to plants when iratgd with this
water owing to the slight acidic and alkaline nataf the DWW and Soil.

High concentrations of magnesium were determineditm 1 (149.8 mg/L) and site 2 (158 mg/L), respety.
These values were higher than the DWA standardevaful 00 mg/L. The concentrations of Mg in othempling
sites complied with the DWA standard[9]. The highesel of calcium was found to be 107.40 mg/L dnel least
8.05 mg/L in site 6 and site 5, respectively. Qaltiin plants is present in ionic form though itnist readily
absorbed due to competition from other ions sudk‘aand Md*. Deficiency of Ca results in root-rot infection]19
Calcium is required for cell elongation and ceNisiion. It also helps delay leaf senescence andsskiown or
prevents leaf and fruit fall (abscission)[19].

The highest concentration of Fe was observed if3site.14 mg/L), which was higher than DWA guidelioe0.3
mg/L (Table 1). This high concentration could beaagsult of its leaching from sewer pipes. Al$® presence of
iron may be responsible for the brownish-red colmiuthe water when allowed to stay for a long tif2@]. Soluble
iron and iron-loving bacteria can cause blockagepipes, drippers and sprinklers which can damaggpenent
such as pressure gauges. In the farm, DWW fron@sisesprayed to suppress dust along the road.cbmsibutes
to discolouration of leaves and reduces the effigyeof transpiration and photosynthesis.
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Low concentration of Fe (0.2 mg/L) can stimulateohé slime deposits[21]. These slimes are stiaky ean attach
themselves to irrigation pipes, causing blockag@é$. [Heavy iron deposits can make pasture unpdéatalstock. If
eaten, they cause dairy cattle to scour and camgrito drop in milk production [22]. Iron deposite vegetables,
fruit and ornamental plants make them difficulstl because of their stained appearance.

Average manganese concentration of 0.26 mg/L wésrrdaed and was higher than DWA (0.1 mg/L) and the
Malaysian standards for the discharge of sewagdrahdtrial effluents (0.2 mg/L)[23]. The highesincentration

of Mn (0.7 mg/L)was determined at site 4. This eais higher than the Malaysian standard by a diffee of 0.5
mg/L and exceeded it by 250%. Manganese is knowarto coatings on pipes at a concentration aboRer@®y/L,
which may slough off as a black precipitate [24].

The concentrations of potassium varied from 5.10Lnad site 2 to 122.40 mg/L at site 6, respectivélygh K
values determined in the DWW could be due to hidlux of potassium into water used in milk industoy various
works. Slurry is majorly composed of liquid manuwehich is discharged into site 6. Potassium forrag pf the
nutrient content (N-P-K) in manure, which could denajor contributor to the high value K determirsddsite 6.
Another source could be due to the microbial acdatimn of anaerobic nutrient rich bacteria withitess because
DWW was left for a long period of time without ttegent. Also high K levels indicate poor waste mamagnt
practices in the farm.

Na concentration was found to be the highest ofhel metals investigated (Table 1). The highestentrations
were found to be 444.5 mg/L and 520.90 mg/L assltand 2, respectively. The average concentrafi@¢?58.13
mg/L) was above the DWA standard of 200mg/L. Thghhgoncentration found could be due to sodium hxide
which is often used as a chemical for the remo¥dhis and proteins from milk lines and other scef& Another
contributing factor could be that the farm usestsnts containing high levels of sodium hypochieriwhich is
used as a strong oxidant or bleach for sanitisiqngpenent [26].

The computed data indicates that DWW has a relgtivigh content of sodium compared to potassiunmcheits
use for irrigation will result in the soil becomirsgrongly sodic. High concentration of sodium inl auses soil
dispersion, clay platelet and aggregate swelling[2fiis occurs when the forces that bind clay pbet together are
disrupted when very many large sodium ions comevden them. Furthermore, when this separation octies
clay particles expand, causing swelling and sapeision. Sodium induced dispersion causes redua@#rhtion,
reduced hydraulic conductivity, and surface crgsfRv].

Hence, high sodium content reduces porosity anckases the risk of poor movement of water through $his

can lead to chemicals in the effluent reachinghtt@ader environment [27]. This could have beenaesible for
the high values of EC and TDS observed. Since W&\Dis used to irrigate land, it is adequate to wlaie the risk
associated with its application. Dairy effluent witgt levels can be assessed by calculating sodidsorption ratio
(SAR), which is a measure of the amount of sodiuesgnt in the effluent relative to calcium and resjom [28].
The moderate risk of applying wastewater to lansushbe less than 3 mg/L[29]. The average SAR vedcutated
by using the formula in equation 1 and gives anwedent of 3.97 mg/L, which was higher than theomamended
guidelines for the safe use of waste water inati@n. The use of this water for irrigation as segthin the farm
could pose serious harm to soil flora and fauna.

Total metal content in Soail

The total average metal content of the soil samfillswed the sequence AI>K>Cu>Fe>Mn (Figure 2)| tie
metals investigated are considered essential fomtgrowth except Al. These elements are usuathpdiniced in
soluble forms by intensive use of agrochemicals.
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Figure 2: Trace metals concentrationsin Soil

Hence they can be absorbed by crops or transfénwadsoil to other agro ecosystems components aacurface
and groundwater [30]. Trace metal guidelines inicadfural soils vary between countries due to backgd
concentration and the nature of crops that arévetdd.

Generally, Fe and Mn are not usually consideredasmgaminants to plants. They are crucial in planttition as
they are essential crop micronutrients. Therefarepluble forms of Fe and Mn in calcareous soila cause
deficiencies such as ferric chlorosis [31]. The meancentration of Fe (2272 mg/kg) was lower tharsé obtained
from similar studies. Millian et al. [32] reportesh average concentration of 20787 mg/kg while Canjp8] and
Mico et al. [34] reported 34000 mg/kg and 15274 kggkspectively (Figure 3). Similarly, the mean cemtration
of manganese from this study (850 mg/kg) was highan those reported by Millian et al. [32]; 382 /kuy

Campos, [33]; 533 mg/kg, Marian et al. [34]; 263/kggand Mico et al. [34]; 320 mg/kg (Figure 4).
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Figure 3: Compar ative aver age Fe concentration in agricultural soils

Total iron and manganese are not good indicatotisedf availability to plants. Iron is mainly pregen precipitated
forms, such as oxides and hydroxides, in soils.sTthe high availability of these elements in sailutd depend on
the soil characteristics, such as the type ofwgitilin the area, the pH and type of crop that i¢ivated. In soils, the
background manganese concentration ranges fromo2800 mg/kg [31] but its availability increases pid
decreases. Mn toxicity is common in acid soils dflpelow 5.5. Manganese deficiency result in damajredtture
of the chloroplasts of plants and decrease in hetgsynthesis and chlorophyll amounts [36].
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A high aluminium concentration of 8222 mg/kg wasrfd in this study. Wastewater effluent has beerioafed as
a major anthropogenic route of the accumulatior\loih terrestrial environment[37]. Aluminium toxigi is not a
matter of concern as it is not likely to signifitlgrbio-accumulate along the food chain. Howevengw present in
relatively high concentration in acidic soils,stusually considered as the most important grointhihg factor for

plants [38].

The concentration of copper (3434 mg/kg) was highan those reported by Millan et al. [32]; 39 ng/lCampos
[33] and Marin et al. [35]; 29 mg/kg and Mico eff34]; 21.6 mg/kg, respectively (Figure 5). The maf copper
content of agricultural soils varies between 5 @onag/kg and the maximum permissible limit is 100/kgg[39].
The average concentration of copper from this stexiyeeded the reference value for agriculturalssioilsome
European countries. It also exceeded the CanadidQ8ality Guidelines for the Protection of Envirmental and
Human Health of 60 mg/kg [40].

The baseline value for copper in South African saiiges from 2.96-117 mg/kg [10]. This shows thagation
with DWW could be the possible source of copperamination. When copper accumulate in the soil a/éng
period, it could reduce food quality and quantignce a high load of copper in the soil reduceduhetioning of
soil biota resulting in reduced microbial activiti].
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Figure5: Compar ative aver age Cu concentration in agricultural soils
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Potassium is a macro element that is found on @lgui@l soils, it is not usually reported in mosidies as it is not
considered to be a metal of environmental concEeligh accumulation of potassium exceeding the mdi@bo
requirements is possible in plants and it is eatsiken up and absorbed in plants although the eptakisually
affected by the absorption of nitrate ions [19]. &lpotassium uptake in forages exceeds acceptattemtrations,
there can be a significant impact on cattle’s tmedrhis can occur as a result of high applicatibpatassium rich
manure or potassium fertilizers high above plarmuiements [42]. With increased potassium concéotra
calcium and magnesium uptake in cow’s digestivettia affected. This imbalance often leads to mhaglth
complications in dairy cows including mild feveslging problems and displaced abomasum[42].

High soil potassium levels can inhibit magnesiunakp by pasture, potentially resulting in hypomag@enia in
grazing stock. Like sodium, potassium has a hidimigf for clay minerals and being a monovalent ibias the
potential to cause clay swelling and dispersionis dan lead to reduced infiltration due to losssoil structural
stability [43-44] and hence lead to reduced laratipctivity. Excess K concentration may interferéhwarop uptake
of other nutrients and also decreases soil hydrawinductivity and permeability, and increase soddibility [45].

Pratt [46] reported that potassium concentratiorshégh in livestock manures and may become donhisaluble
cation in manured soils.

From this study, K concentration ranged from 25885mg/kg and the highest was found at site 6 whieowest

at site 2. High potassium in soil is often an iadic of improper handling of the quantity of mangemerated [42].
According to Carrow et al. [47], the desired valigr potassium in soil should be less than 110 mg/kg
Consequently, from this study the concentratidmigher than this maximum acceptable concentration.

CONCLUSION

The concentration of trace metals was higher ihteah in wastewater. This is consistent as theevester is used
to irrigate crops on the farm and could have acdated over a period of time. The presence of a \egn
concentration of Cu is worrisome as it is easilgabed by plants and enters the food chain whenalsieat these
metal rich plants. Most of the parameters investidavere present in higher than acceptable coraténir The
DWW is of poor quality and not suitable for irrigat. It must be treated properly before use orhdisge into the
natural environment.
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