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Abstract: Brewing industry in Peru has increased markedly during the last eight years, subsequently increasing the 

production of solid and liquid organic wastes. Due to its organic nature, most of those wastes can be used in agriculture as 

sources of organic matter for soil. A pot experiment was set up to evaluate the effect of fractionated application of brewery 

wastewater (BW) at increasing levels (0.125, 0.25, 0.5 and 1.0 L kg-1) on physical and chemical properties of two different-

textured soils: Sandy Loam and Fine Sand, collected from the central coast of Peru. Pots were irrigated with BW was applied 

twice a week during eight weeks and then soils were incubated for two months. Soil pH, electrical conductivity, bulk density, 

water holding capacity and the contents of total and labile organic carbon, total nitrogen and lead were evaluated. Bulk 

density was not affected by BW application in any soil but water holding capacity was increased both in Sandy Loam and 

Fine Sand. Soil pH gradually decreased as the rate of application of BW increased but the electrical conductivity was not 

affected by application rate. Total organic carbon and total nitrogen contents in the Sandy Loam soil were significantly 

increased by the application of 0.5 and 1.0 L kg-1 while labile organic carbon was increased by 1.0 L kg-1. In the Fine Sand 

the content of total organic carbon was significantly increased by the application of 0.5 and 1.0 L kg-1. Total nitrogen and 

active organic carbon contents were increased by all rates higher than 0.125 L kg-1. The relative increase in total carbon was 

higher for the Fine Sand than for the Sandy Loam. The application of BW did not affect Pb content on the soils. Our results 

showed that the use of brewery wastewater as organic source can be suitable for arid soils of the Peruvian coast. 
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1. ITRODUCTIO 

 

The production per capita of beer in Peru has 

increased from 20 L in 2000 to approximately 41 L in 

2008 (La República, 2009). This fact has generated 

concern as brewing industries are characterized by 

high indices of water use and waste, and generate 

solid residues and effluents during different stages 

(Fillaudeau et al., 2006). Some effluents can be highly 

polluting as they may contain ethanol (Pant et al., 

2007) and can not be directly discharged into rivers or 

land (Nandy et al., 2002) but they are also rich in 

organic carbon and contain variable levels of nitrogen, 

phosphorus, potassium and micronutrients (Mohana et 

al., 2009) and thus can become useful. Effluents from 

breweries and distilleries have been extensively tested 

as sources of organic matter for the soil and nutrients 

for crops (Ajmal and Khan, 1984; Pathak et al., 1999; 

Ramana et al., 2002a, 2002c; Hati et al., 2007) and as 

chemical amendments for sodium affected soils 

(Kaushik et al., 2005). 

The application of effluents to the soil usually 

decreases bulk density and increases porosity and 

water holding capacity (Pathak et al., 1999; Hati et al., 

2007). Effects on soil pH can vary from decrease 

(Ajmal and Khan, 1984) to slight increases (Hati et al., 

2007). Several beneficial effects of the application of 

wastewaters and effluents have been reported, 

including significant increases in the contents of 

organic carbon (Pathak et al., 1999; Kaushik et al., 

2005; Hati et al., 2007), available nitrogen, 

phosphorus (Ajmal and Khan, 1984) and potassium 

(Hati et al., 2007) in the soil. Increases in growth and 

yield have been reported for groundnut (Ramana et al., 

2002a) and maize (Ramana et al., 2002c). On the other 

hand, continuous application of brewery and distillery 

effluents can increase soil electrical conductivity and 

the level of sodium (Pathak et al., 1999; Hati et al., 

2007) and high rates of application have shown to 

affect seed germination in several crops (Ajmal and 

Khan, 1984; Ramana et al., 2002b).  

As external experiences need to be validated under 

local conditions, a pot experiment was set to evaluate 

the quality of a brewery effluent as source of organic 

matter and nutrients for two soils from the arid coast 

of Peru. 

 

2. MATERIAL AD METHODS 

2.1. Wastewater and Soil Collection 
The wastewater tested corresponded to an effluent 

generated at the fermentation tank bottom and was 

obtained from an industrial brewery situated in Lima, 

Peru. Some chemical characteristics of the effluent are 

shown in Table 1.  

Two Entisols from the central coastal area of Peru: 

an alluvial pale brown soil (Typic Ustifluvents) and an 

eolic pale yellowish brown sand (Typic 

Torripsamments), were collected from the furrow 

slices (0 – 20 cm) of two close farms. After collection, 
 

Table 1. Chemical characterization of the brewery effluent 

pH 3.44 – 5.50 

EC (dS m
-1
) 0.65 – 0.77 

Total organic C (g L
-1
) 3.05 

Total N (mg L
-1
) 280.0 

Total P (mg L
-1
) 28.2 

Total K (mg L
-1
) 80.8 

Ca (mg L
-1
) 76.8 

Mg (mg L
-1
) 18.4 

Na (mg L
-1
) 32.4 

Fe (mg L
-1
) 4.08 

Pb (mg L
-1
) 0.52 
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the soils were air-dried, sieved through a 2 mm mesh, 

mixed thoroughly and sampled for chemical analysis 

(Table 2). Both soils were filled in plastic pots (4 kg 

pot
-1
) and moistened to approximately 20% of soil 

volume. 

2.2. Pot Experiment 

Brewery effluent was applied at rates of 0.00, 

0.125, 0.25, 0.50 and 1.00 L kg
-1
 of soil, equivalent to 

0, 35, 70, 140 and 280 mg N kg
-1
 of soil. Wastewater 

application was divided in 16 portions (twice a week 

during eight weeks), and the application volume was 

uniformized with water avoiding percolation in the 

pots. After completing the applications, the pots were 

incubated in a greenhouse with no active climatic 

control. Air temperature ranged within 23 °C (day) to 

17 °C (night). Pots were irrigated when needed with 

lead-free tap water. 

2.3. Soils Analysis 

After the incubation period, soil in the pots was 

sampled, air-dried, ground and sieved through a 2 mm 

mesh. Soil pH was measured in a 1:1 (soil: water) 

suspension (Thomas, 1996) and electrical conductivity 

(EC) in the saturated paste extract (Richards, 1954). 

The content of total organic carbon was measured by 

sulphuric acid-potassium dichromate digestion 

(method of Walkey and Black), and 

spectrocolorimetry (Nelson and Sommers, 1996). 

Active organic carbon was measured by potassium 

permanganate digestion (Blair et al., 1995) according 

to the method modified by Weil et al. (2003). 

Nitrogen content was analyzed by Kjeldahl method 

(Bremner, 1996). Total Pb was extracted by open 

vessel digestion in aqua regia and measured by atomic 

absorption spectrometry (Pansu and Gautheyrou, 

2006). 

After sampling, the pots were heavily irrigated and 

allowed to drain for 72 h. Soil bulk density and water 

holding capacity were measured by the methods of the 

cylinder and gravimetry, respectively. 

2.4. Statistical Analysis 

Treatments were distributed in a complete 

randomized design with ten replicates. The effects of 

brewery effluent on soil physical properties and on the 

contents of C, N and Pb were tested using analysis of 

variance, and the means were compared by using the 

Duncan’s multiple range test (p<0.05). Data were 

analyzed using R software (R Development Core 

Team, 2009). 

 

3. RESULTS AD DISCUSSIO 

3.1. Soil Physical and Chemical Characteristics 

Initial bulk densities were similar between both 

experimental soils. The use of brewery effluent did 

not affect bulk density in the alluvial soil, but slightly 

increased that for the eolic sand (Table 3). The 

application of 0.5 L kg
-1
 resulted in a significant 

increase of sand bulk density compared with the 

control and with the dose of 0.125 L kg
-1
 (p<0.05), but 

was not different form the other doses. The increase of 

bulk density in the sand can be related with the 

presence of suspended silt-like silica particles in the 

brewery effluent (not shown in the analysis), which 

can partially occupy air pores resulting in reduced 

porosity. This effect was not observed in the alluvial 

soil, as most of suspended particles remained in the 

surface after brewery effluent application. 

Brewery wastewater increased water holding 

capacity (WHC) in both soils. In the alluvial soil, 

WHC increases gradually as the dose of brewery 

effluent increased. The rate of 1.0 L kg
-1
 resulted in 

the highest WHC, but all rates between 0.25 and 1.0 L 

kg
-1
 were significantly higher than the control. In the 

eolic sand, all rates applied were similar and 

significantly higher than the control. The increase in 

WHC ranged from 23.6 to 33.9%. 

The incubation period slightly increased the pH in the 

untreated soils. This effect can be related to the 

equilibrium within the soil solution and the 

exchangeable cations (Curtin y Smillie, 1995). Soil 

and sand pH were significantly reduced by the 

application of brewery effluent. In the alluvial soil, the 

rate of 1.0 L kg
-1
 resulted in significantly lower pH 

compared with the other treatments. Sand pH 

decreased gradually as the rate of application 

increased. All rates between 0.25 and 1.0 L kg
-1
 

resulted in significantly lower pH than the control. 

The rate of 1.0 L kg
-1
 was lower than 0.5 L kg

-1
 and 

this was lower than 0.25 L kg
-1
. Both soil and sand pH 

were similar when 1.0 L kg
-1
 was applied. The gradual 

decrease in soil pH using brewery effluent has been 

found previously (Ajmal and Khan, 1984; Kütük et 

al., 2003) and can be related to the production of 

organic acids due to the fermentation of sugars and the 

mineralization of N contained in the effluent (Erdem 

and Ok, 2002). Soil electrical conductivity (EC) was 

not significantly affected by the application of 

wastewater although slight decreases were appreciated 

in both soils. 

3.2. Soil Carbon and itrogen Contents 

The application of BW significantly increased the 

contents of total organic carbon, labile organic carbon 

and total nitrogen (p<0.05), both in the alluvial soil 

and in the eolic sand (Table 4). The relative increases 

were correlated with the amount of BW applied in 

both soils and were higher for sand due to the very 

low content of organic matter. The rates of 0.5 and 1.0 

L kg
-1
 were significantly different than control for 

total organic carbon in both soils and for total nitrogen 

in the alluvial sandy loam. The rate of 1.0 L kg
-1
 was 

also different than control in this soil for labile carbon. 

Under the eolic sand, all rates within 0.25 to 1.0 L kg
-1
 

were significantly different than control for the 

contents of labile carbon and total nitrogen. In the 

alluvial soil, the relative increases observed for total 

organic carbon were higher than those for labile 

carbon. The opposite was observed for the eolic sand, 

indicating that microbial activity was higher in the 

first, and sugars and other low molecular weight 

compounds were more easily metabolized in it. 
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Table 2. Physical and chemicals characteristics of soils used in the experiment 

Characteristics Alluvial soil Eolic sand 

Sand (%) 62 96 

Silt (%) 30   2 

Clay (%)   8   2 

Texture class Sandy Loam Sand 

pH 7.19 7.70 

EC (dS m
-1
) 2.55 2.39 

CaCO3 (%) 2.40 2.28 

Organic matter (%) 2.0 0.2 

Total N (mg kg
-1
) 1200 100 

Available P (mg kg
-1
) 1.0 0.3 

Available K (mg kg
-1
) 326 131 

CEC (cmol kg
-1
) 12.00 2.72 

Exchangeable Ca 9.05 1.69 

Exchangeable Mg 1.70 0.48 

Exchangeable K 0.96 0.21 

Exchangeable Na 0.29 0.34 

Total Pb (mg kg
-1
) 102.87 4.60 

 

 

3.3. Soil Lead Contents 

The content of Pb in the soils was not affected by 

the application of the effluent tested (Table 4). The 

higher Pb content in the alluvial soil can be related to 

the higher contents of silt and clay and to the pollution 

associated to proximity to urban area of Lima. The 

contents of cadmium (Cd) and chromium (Cr) in the 

wastewater were below the detection limits of AAS, 

indicating low risk of heavy metals accumulation, 

although long-term monitoring is recommendable. 

 

4. COCLUSIO 

Application of brewery wastewater and solid 

residues generated by brewing industries to 

agricultural soils is not a common practice in Peru, but 

results shown in the present work indicate that 

continuous application of brewery wastewater can 

improve soil physical and chemical characteristics and 

increase the contents of organic carbon and nitrogen. 

Beneficial effects on soil quality are more evident in 

poorly developed soils sandy soils. The application of 

brewery wastewaters can supply nitrogen, phosphorus 

and other nutrients for crops, although mineralization 

could take some months to increase their availability 

for plants. The wastewater tested in this experiment 

showed low content of Pb, indicating that can be used 

for agriculture with low environmental risk although 

further research is required to evaluate the cumulative 

effects in long-term application experiments. 

 

 

Table 3. Effect of application of brewery wastewater on physical and chemical characteristics of two soils 

BD WHC pH EC Application of BW 

 (L kg
-1
) (g cm

-3
) (%)  (dS m

-1
) 

  Soil   

0.00 1.48 a 19.69 c 7.66 a 3.47 a 

0.125 1.46 a 21.58 bc 7.65 a 3.01 a 

0.25 1.44 a 22.81 ab 7.60 a 2.78 a 

0.50 1.46 a 23.06 ab 7.58 a 3.16 a 

1.00 1.44 a 24.61 a 7.46 b 3.22 a 

  Sand   

0.00 1.44 b  8.72 b 8.01 a 1.57 a 

0.125 1.45 b 10.91 a 7.97 ab 1.26 ab 

0.25 1.46 ab 10.78 a 7.85 b 1.04 b 

0.50 1.49 a 11.18 a 7.61 c 1.16 ab 

1.00 1.46 ab 11.67 a 7.46 d 1.07 b 

Values are means of ten replicates; treatment means within a column followed by the same letter are not significantly 

different at P<0.05, according to Duncan’s grouping. BD = bulk density, WHC = water holding capacity. EC = electrical 

conductivity 
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Table 4. Effect of application of brewery wastewater on the contents of total organic carbon, labile organic carbon, total 

nitrogen and lead of two soils 

Organic C  

Total Labile 
N Pb Application of BW  

(L kg
-1
) 

(g kg
-1
) (mg kg

-1
) (mg kg

-1
) 

  Soil   

0.00 11.25 c 504.44 b 1250.0 b 121.98 a 

0.125 11.08 c 500.68 b 1225.0 b 119.35 a 

0.25 11.95 bc 529.36 ab 1325.0 ab 124.87 a 

0.50 12.73 ab 538.14 ab 1475.0 a 123.20 a 

1.00 13.58 a 551.79 a 1500.0 a 126.44 a 

  Sand   

0.00 1.35 c 24.07 d 100.0 c 4.40 a 

0.125 1.75 bc 44.09 cd 125.0 c 5.07 a 

0.25 1.83 bc 65.92 c 225.0 b 4.43 a 

0.50 2.45ab 113.20 b 225.0 b 4.09 a 

1.00 2.85 a 141.86 a 325.0 a 5.45 a 

Values are means of ten replicates; treatment means within a column followed by the same letter are not significantly 

different at P<0.05, according to Duncan’s grouping 
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