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Abstract 
Diffuse pollutant losses containing phosphorus (P), 

nitrogen (N) and suspended solids (SS) can occur when 

agricultural wastes are applied to soil. This study 

aimed to mitigate P, N and SS losses in runoff from 

grassed soils, onto which three types of agricultural 

wastes, dairy slurry, pig slurry and dairy soiled water 

(DSW), were applied by combining amendments of 

either zeolite and poly-aluminum chloride (PAC) with 

dairy and pig slurries, or zeolite and alum with DSW.  
 

1. Introduction 
The contribution of diffuse nutrient losses from 

agricultural sources is considered to be the main source 

of eutrophication in many European rivers and lakes 

[1]. The programme of measures (POM) to achieve ‘at 

least’ good ecological status for all water bodies by 

2015 (EU Water Framework Directive) are 

implemented through the European Union (Good 

Agricultural Practice for Protection of Waters) 

Regulations 2014 (SI No. 31 of 2014), which limits the 

amounts of livestock manure that can be applied to 

land. These limits, together with elevated soil test 

phosphorus (STP) concentrations following repeated 

applications of organic and inorganic fertilizers, may 

reduce available lands for spreading agricultural 

wastewaters and increase the risk of incidental and 

chronic loss of P, N and SS from soils, particularly in 

critical source areas (CSAs). The objectives of this 

study were to investigate if zeolite, in combination with 

PAC for dairy and pig slurries and alum for dairy soiled 

water (DSW), was effective in reducing event losses of 

P, N and SS from grassed soil in a laboratory scale 

rainfall simulation study. 

 

2. Materials and Methods 
Dairy slurry, pig slurry and DSW samples were 

collected from Teagasc Research Centre, Moorepark, 

Fermoy, Co. Cork and stored at 10°C prior to testing. 

The physicochemical properties of the Turkish zeolite 

used were established and its ability to remove N 

(measured as ammonium (NH4-N)) and P (measured as 

dissolved reactive phosphorus (DRP)) from the three 

types of wastewater was investigated using a multi-

point Langmuir isotherm. The optimum combination of 

zeolite and chemical amendment that produced the best 

reductions of NH4-N concentrations and water 

extractable phosphorus (WEP) from the wastewaters 

were established using bench-scale studies and were 

used for the experimental rainfall simulations. Four 

treatments were investigated: (1) control soil (2) 

agricultural wastes (3) dairy and pig slurries amended 

with PAC; DSW amended with alum, and (4) dairy and 

pig slurries amended with zeolite and PAC; DSW 

amended with zeolite and alum.  Laboratory runoff 

boxes, packed with intact grassed soil cores, were 

placed at a slope of 10% in a rainfall simulator and 

subjected to three consecutive daily simulated rainfall 

events, each of 30 min duration, at an intensity of 10 

mm h
-1

. Surface runoff, collected at 5-min intervals, 

was analysed for a range of water quality parameters. 

 

3. Results and Discussion 
Zeolite, combined with either alum or poly-aluminium 

chloride (PAC), reduced incidental losses in total 

phosphorus by 87% (dairy slurry), 81% (pig slurry) and 

50% (DSW), and compared to unamended slurries, and 

reduced losses in total nitrogen by 56% (dairy slurry) 

and 45% (pig slurry and DSW). Use of combined 

amendments reduced SS in runoff by 73% and 44% for 

dairy and pig slurries, and 25% for DSW compared to 

unamended controls. The average FWMC of particulate 

phosphorus (PP) in runoff was highly correlated with 

corresponding SS concentrations for dairy slurry (R
2
 = 

0.92) and to a lesser extent for pig slurry (R
2
 = 0.64) 

and DSW (R
2
 = 0.50). 

 

4. Conclusions 
Use of combined zeolite and PAC/alum amendments to 

reduce P, N and SS in runoff was most effective for 

dairy slurry followed by pig slurry and least effective 

for DSW. PAC/alum had the greatest impact on P and 

SS removals for all wastes, while zeolite had the 

greatest impact on N removal. Use of dual amendments 

at the applied rates did not adversely impact their 

individual P, N and SS removal capacities, and their 

application may be most beneficial in targeted areas 

where there is high risk of incidental losses in runoff. 
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