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Abstract. Lately, organic farming has become a big part of the economy, and its importance is 

constantly growing. Since the organic farming is subject to a number of restrictions, not all agricultural 

inputs used in conventional agriculture can be used. Focusing on environment and human health 

protection, a number of inputs have been studied for acceptance in organic farming. Some of the most 

used inputs are ashes, composts, certain mineral fertilizers and manure. In order to be used as soil 

amendments, these inputs should meet a series of standards regarding the content on different elements 

or substances, to be sure that they are not harmful to health or to environment. Besides pesticides, 

antibiotics, dioxins and other substances, heavy metals are one of the most common contaminants in these 

inputs. Their quantitative analysis and correlation with current legislation should be one of the key 

factors in approving their use. These inputs are obtained from materials used in various industries and 

subject to different treatments such: combustion at 700-1000oC in the case of ashes, slow fermentation in 

the case of compost and manure or chemical synthesis for some fertilizers accepted in organic farming. 

This diversity leads to different methods of analysis, depending on the type of sample. Thus, analysis of 

certain inputs may require additional steps in the analysis protocol. For some heavy metals, there may be 

differences from the standard procedure, also. It should be mentioned that each method has its own 

limitations, and each class of instrumentation had a specific precision that depends of manufacturers. The 

accuracy of obtained result is strongly related to chemist’s decision in choosing proper and most suitable 

analysis method. This paper presents a list of methods used for heavy metals analysis in different 

matrices, found in recent studies. For the analytical metods of these elements, the sample preparation is 

an important step, which consists in sample conversion into a liquid form by various means. The methods 

for dissolving samples  are also presented as they are described by the studies.  
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INTRODUCTION 

Different analytical methods can be used for determination of heavy metals, each with 

its advantages and disadvantages. Before the actual analysis, some common steps are required 

for a succesfull determination. Among them, sampling, sample handling and sample 

preparation play a significant role (Baltic Marine Environment Protection Commission, 2018). 

Given that the amounts of heavy metals in inputs can be divided into ‘total’ and 

‘available’(which is the fraction that can be absorbed by plants), the sample may suffer some 

extraction procedures.  

Although the total concentrations of heavy metals offer incomplete information about 

potentially plant-available fractions, they provide a helpful indicator that shows if a sample has 

high or low concentrations. This provide information if the analyzed sample is contaminated 

and had a possible risk of toxicity (Alloway, 2013).  

 As the last stage before analysis, the sample preparation differs depending on the used 

method. Usually, the most of analytical methods require the samples as aqueous solution which 

ensures complete availability of the analytes. Acid digestion is often used to bring the sample 
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to the desired form. Microwave-assisted digestion offers a less-time consuming procedure, 

with a lot of advantages (Zeiner et al., 2007).  

Regarding the analytical methods, there are different methods that can be applied. The 

most used are Atomic Absorption Spectroscopy (AAS), Flame Emission Spectroscopy (FES), 

UV/VIS Spectroscopy, Inductively Coupled Plasma Mass Spectrometry (ICP-MS), Inductively 

Coupled Plasma Optical Emission Spectrometry (ICP-OES), X-ray Fluorescence Spectrometry 

(XRF). Each method has its advantages, and can be successfully applied in determining heavy 

metals concentrations. Because of this, the found studies used a varied methodology,even 

combining more technologies. 

 

MATERIAL AND METHODS 

This paper aims to review the methods applied for determination of heavy metals for 

some of the most used inputs in both organic and conventional agriculture: ashes, composts, 

fertilizers and manure. Since there are no regulations regarding both the sample preparation 

and heavy metal determination for this type of samples, each study uses its own version 

derived from standard methodology of different matrixes (soil, wood, organic matter, etc.). An 

overview of these methods is presented below. 

 

Heavy metals analysis of ashes 

Ash is the result of combustions, most often produced by the wood and coal fired 

power plants. Ash has been used in many applications as cement industry, concrete or 

agriculture. Still, the utilization rate of ash in agriculture is very low (Phan et al., 2018).  

These combustions produce many solid wastes such as fly ash, bottom ash, boiler slag 

and flue gas (Prem Kishor et al., 2010). Both fly ash and bottom ash were studied as soil 

amendments. It has been observed an increase of mineral elements in the upper horizon of soil, 

both for useful elements (Mandre et al., 2006), but also for contaminants (Kishor et al., 2010, 

Okmanis et al., 2015). 

Depending on the combustion temperature, the concentration of heavy metals in ashes 

may differ. In high capacity furnaces, the temperature is higher, on the one hand, which can 

volatilize some elements like Hg, Cd and Pb (Ibrahim et al. 2018; Pasanen et al., 2001) , but on 

the other, at the temperatures over 700°C begin the fusion of small particles, which forms 

coarse ash fraction that should not be used as soil fertilizer (Okmanis et al. 2015).  

Depending on analysis method, ash samples may undergo a digestion (solubilization) 

procedure, to enhance the availability of mineral elements. This step is usually accomplished 

using aqua regia (HNO3:HCl = 1:3, v/v) and  sometimes, HF is added to improve digestions. 

After digestion procedure, the samples can be analyzed using ICP-MS, ICP-OES or FAAS 

(Flame Atomic Absorption Spectrometry) methods.  

Alternatively, HDXRF (High Definition XRF) method can be used without digestion. 

The methods, the analyzed elements and other particularities of the methods used in recent 

studies for ashes samples are presented below (Table 1). 
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Table 1 

Methods used for heavy metal analysis of ashes 
Ash sample type Method Analyzed 

elements 

Sample 

preparation/Digestion 

(As described in study 

methodology) 

Source 

Briquettes from paper 

and cardboard waste 

ICP-MS As, Cd, Hg, Pb, 

Mn 

ISO 16968 Ibrahim et al., 2018 

Wood-based ashes FAAS (LVS 

ISO 11047) 

Cd, Cr, Cu, Ni, 

Pb, Zn 

N/A Okmanis et al., 2015 

Wood-burning 

generated ashes 

ICP-OES Cu, Ni, Zn, Pb, 

Mn 

HF and HClO4 acid 

digestion 

Sinaj et al., 2015 

Wood combustion in 

home fireplaces 

ICP-OES Cd, Pb, Zn, Cu, 

Mn, Ni, Cr 

N/A Symanowicz et al., 2018 

Agricultural residues 

ashes 

ICP-MS Mn, Zn, Cu, Ni, 

Cr, As, Pb, Cd, 

Co, Mo 

H2O2/HNO3/HF 

mixture  

(ISO EN 15297) 

Wang et al., 2011 

Bottom and fly ashes 
from municipal solid 

waste 

ICP-MS Pb, Cd, Zn, Cu, 
Mn 

65% HNO3, 35% HCl, 
40% HF 

 
 Yu et al., 2013  

Agricultural residues, 
forestry, and agri-food 

processing plants, 

energy crops 

HDXRF Cr, Mn, Fe, Ni, 
Cu, Zn, As, Pb 

EN ISO 14780 Zajac et al., 2018 

Forestry biomass, 
energy, agricultural 

residues 

XRF Cd, Cr, Cu, Ni, 
Cu, Pb, Zn, Fe 

N/A Zajac et al., 2019 

 

Heavy metals analysis of composts 

Compost is defined as an organic fertilizer obtained by decomposition of crop 

residues, animal manure and other organic matters found around the farm. It represents one of 

the main organic matter inputs in agriculture (FAO, 2010). 

Using compost as soil treatment can be beneficial from several points of view: to 

improve physical properties (erosion resistance, water infiltration), to increase soil fertility and 

soil biodiversity, to fix carbon in the soil. The importance of these properties was pointed out 

by European Commission its Communication “Towards a Thematic Strategy for Soil 

Protection” (COM (2002) 179).   

The most important benefit of using compost is the increase in soil organic matter 

(Erhart et al, 2010). The dynamics of heavy metal soil pollution is influenced by both soil 

properties and by the type of the compost. Thereby, a positive correlation was established 

between soil organic matter and total concentration of heavy metal, and also a negative 

correlation between soil organic matter and available heavy metals (Federal Ministry of 

Agriculture, Forestry, Environment and Water Management, Austria and European 

Communities, 2003).  

Regarding environmental issues related to heavy metals in composts, only the soluble 

forms are relevant. European Commission emphasised the risk of analysis based only on total 

heavy metals. Yet, there is no commonly agreed methodology at the moment.  Considering this 

aspect, almost all studies regarding heavy metal content of compost were focused by total 

amount of these contaminants. Consequently, specific methods were used for this type of 

determination: ICP-MS, ICP-OES, CV-AAS (Cold Vapour - AAS) (for Hg determination) or 

FAAS. The table below (Table 2) shows a series of studies on heavy metal determinations in 

compost and the used methods. 
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Table 2 

Methods used for heavy metal analysis of composts 
Sample type Method Analyzed 

elements 

Sample 

preparation/Digestion 

(As described in study 

methodology) 

Source 

Mature compost from 

organic fraction of 

municipal waste 

ICP-OES Ni, Pb, Cd, Cr Mineralization in aqua 

regia 

Becher et al., 2018 

Composted sewage 
sludge with the 

addition of straw and 

wood chips 

FAAS  Cd, Pb, Cu, Zn, 
Cr, Ni, Mo, Co, 

Fe, Mn 

Aqua regia (36% HCl and 
65% HNO3) 

Bożym et al., 2015 

Compost from Solid 

Waste Recycling and 

Composting Plant 

ICP-MS Cu, Ni, Zn, Pb, 

Zn, Cd 

Step 1: 1:1 water and 

HNO3 

Step 2: 5 mL H2O2, 5 mL 
HCl, 5 mL water 

Elmaslar-Özbaş et 

al., 2012 

compost from sewage 

sludge from 

municipal sewage 
treatment plant 

ICP-OES Cu, Cr, Cd, Ni, 

Pb 

N/A IGNATOWICZ 

and BREÑKO, 

2011 CV-AAS Hg N/A 

Compost from 

organic residues 

ICP-OES Cd, Co, Cr, Cu, 

Ni, Pb, Zn 

5 mL HCl Kupper et al., 2014 

Compost from fish 
waste, seaweed and 

pine bark, 1:1:3 

ICP-OES Pb, Cd, Cu, Ni, 
Cr 

Digestion with HNO3  López-Mosquera  
et al., 2011 

Compost from fish 
waste 80% and pine 

bark 20% 

FAAS Cr, Ni, Cu, Zn, 
Pb, Cd 

Microwave digestion with 
HNO3 (MARS-5 

microwave oven 

Operation Manual) 

Radziemska et al., 
2018 

Compost originating 

from organic waste 

FAAS Zn, Pb Microwave digestion with 

HNO3 

Zennaro et al., 2005 

 

 

Heavy metals analysis of various fertilizers 

Conventional agriculture uses large amounts of fertilizers to grow crops. Among 

them, a high proportion consists of synthetic fertilizers. Unfortunately, almost all of them 

cannot be used in organic farming (IFOAM, 2019). As an alternative for them, a series of 

natural minerals are used as soil amendments or fertilizers, like biochar (Glaser et al., 2015), 

magnesium minerals (Jasinskas et al., 2017), rock phosphate (Ditta et al., 2018), apatite 

minerals and others. Since the composition of these natural fertilizers consists on similar 

substances as mineral fertilizers, the same method for heavy metal analysis can be used. As 

example, rock phosphate is one of essential source for the production of chemical fertilizers 

and although it is a natural resource, it contains high values of heavy metals (Faridullah et al., 

2017), even uranium and thorium (Azzi et al., 2017). Accordingly, it is widely known that 

cadmium occurs naturally in phosphate rocks and its concentration can vary widely between 

countries and more than that within deposits in the same country. It has been reported cadmium 

levels that ranges between 1 and 150 mg/kg for sedimentary deposits (Roberts, 2014).  

As well as other agricultural inputs, the same methods for heavy metal determination 

are used, with some variations: ICP-MS, ICP-OES, XRF or FAAS. Since there are no specific 

method for digestion of each type of fertilizer, each study uses a different way to perform this 

step. Many of them apply the protocols for soils, sludge or sediment samples, as presented in 

the Table 3. 
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Table 3 

Methods used for heavy metal analysis of fertilizers 
Sample type Method Analyzed 

elements 

Sample 

preparation/Digestion 

(As described in study 

methodology) 

Source 

Commercial phosphate 

fertilizers 

XRF Sb, Pd, Ag, Mo, 

Nb, Zr, Bi, Mn 

N/A Azzi et al., 2017 

AAS Cd, Zn, Pb, Fe, 

Cu 

HCl:HNO3 = 3:1 (v/v) 

Microwave digestion 

Fertilizers marketed in 

northeastern Brazil 

ICP-OES Cd, Ni, Pb, Cr MAPA (Brasil, 2006) da Silva et al., 

2014 Cd, Ni, Pb, Cr USEPA 3051A 

Cd, Ni, Pb, Cr USEPA 3052 

Two types of fertilizer,   

marine sediment 

ICP-OES Cd, Cr, Co, Cu, 

Pb, Mn, Ni, V, 

Zn 

HCl + HNO3 Brigden et al., 

2002 

CVG ICP-

AES 

Hg, As N/A 

Mineral fertilizers 

from different 
enterprises 

ICP-OES Cd, Pb, Ni, Cu, 

Cr, Zn 

HNO3 + redistilled hot 

water, 1:1 

Gambus & 

Wieczorek, 2011 

AAS Hg N/A 

Urea, calcium 
superphosphate, iron 

sulphate, copper 

sulphate 

AAS Cu, Ni, Pb, Zn, 
Fe , Mn 

HNO3 + HClO4 Gimeno-Garcia et 
al., 1996 

GF-AAS Cd, Co HNO3 + HClO4 

Phosphate ore, 
manufactured 

phosphate products, N-

P-K blends, organic 
fertilizers, and 

micronutrient materials 

ICP-OES As, Pb, Cd, Co,  
Ni, Cr, Mo, Se 

digestion with HNO3  
 Kane & Hall, 

2006 

NPK fertilizers FAAS Pb, Cd, Cu, Mn N/A Milinović et al., 
2008 

Marketed  fertilizers 

 

AAS Pb, Cd, Ni, Co, 

Cr 

 

AoAc digestion Modaihsh et al., 

1999 

Granules of Zn 

fertilizer from fertilizer 

companies 

FAAS Cd, Pb, Cr N/A Nacke et al., 2013 

Commercial fertilizers AAS Mn, Cu, Zn, Pb, 
Ni, Co, Cr 

HCl + HNO3, 1:1 
Microwave digestion 

Ogabiela et al., 
2009 

P-containing fertilizers ICP-OES Cd, Cr, Pb HNO3 + HCl, 3:1 

Microwave digestion 

Vieira da Silva et 

al., 2017 

HG-AAS As, Hg N/A 

 

Heavy metals analysis of manure 

Animal manure represents a natural source of nutrients needed for plant growth, 

especially  N, K, P. They are a suitable alternative of commercial fertilizer and also can be 

succesfully used in organic farming (Adesoye et al., 2017).  

Animal manure is used for a long time in agriculture, as his benefits improving the 

soil fertility and organic matter content is known. However, this actions leads in serious 

environmental problems (nitrate and phosphate contamination of waters) or metal 

contamination of soils, as manure is rich of heavy metals (Zhang et al., 2012). 
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For instance, when animal manure is used, Cu and Zn tend to reach excessive values 

in soils. Therefore, high quality manure should match quality standards established by any 

country (European Union, 2004). 

The concentration of heavy metals in manure can vary considerably  depending on 

multiple factors such as the age of the animal, type of ration, housing type and waste 

management practices.  

Usually, the high concentration of metals in animal feed have often resulted in higher 

concentration in the manure (Bolan et al., 2004). After composting the manure, the metals 

seems to be in more stable forms and can consequently be considered unavailable for plant 

uptake. A much lower percentage of heavy metals  was found in bioavailable fractions, after 

fermentation (Ahmed et al., 2007). Yet, a study revealed that  after the anaerobic digestion of 

pig manure the bioavailability of Zn was increased (Fard et al. 2011).  

Generally, the majority of heavy metals cations react with organic molecules to form 

chelates, that are not soluble, the metals being tightly bound. These metals  are not available to 

plants, but they could be slowly released through decomposition process (Urunmatsoma et al., 

2010) and finally, endanger environment. Therefore, the analysis of the total content of heavy 

metals is a good practice.  

Regarding the methods used for total heavy metal content in manure,  the reported 

studies revealed that the AAS method is widely used, together with ICP-OES or ICP-MS.  For 

Hg determination, Atomic Fluorescence Spectrometry (AFS) was used, as well. Table 4 

contain the methods used for heavy metal determinations in some recent studies. 

 
Table 4 

Methods used for heavy metal analysis of manure 

Sample type Method 
Analyzed 

elements 

Sample 

preparation/Digestion 

(As described in study 

methodology) 

Source 

Manure samples from 

domestic animals 
FAAS 

Mn, Cd, Zn, 

Pb, Ni, Cu 

aqua regia 

HNO3:HCl = 3:1 (v/v) 
Adesoye et al., 2014 

Manure samples after 

composting process of 0, 

40,80  and 120 days 

AAS 
Zn, Cu, Cr, Ni 
, Pb, Cd 

Sequential extraction 
procedure 

Gul  et al., 2015 

Poultry manures, sewage 

sludge compost 

ICP-OES 

 
Cd, Cu 

Two-step decomposition; 
dry ashing/ HNO3 and HF/ 

aqua regia 

Hanč et al., 2008 

Composted cow manure 
and poultry litter + plant 

residues 

AAS 
Pb, Ni, Zn, Cu, 

Cd 
N/A Haroon et al., 2019 

Five types of manures AAS Ni, Pb, Cd, Hg 
Modified versions of 
sequential extraction 

procedure 

Irshad et al., 2013 

Animal manure collected 

from a composting facility 
AAS 

Cu, Zn, Mn, 

Fe, Cd, Pb 

Determination of water-

soluble heavy metals 
Irshad et al., 2014 

Poultry and livestock feeds 
and manures 

ICP-AAS 

Zn, Cu, Pb, 

Cd, Cr, Ni, Ba, 

Co, Mo, Mn, 
Sr, Ti 

HNO3 + HClO4 
Cang et al., 2004 

HG-AFS As, Hg HNO3 + H2SO4 + HClO4 

Animal manures collected 

from a pig farm 
FAAS Cu, Zn, Cd, Pb N/A Lupascu et al., 2009 
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Chicken manure ICP-OES 
Cr, Cu, Ni, Pb, 

Zn 

HNO3:HCl = 3:1 (v/v) 

Microwave digestion 

Ravindran et al., 

2017 

Mature animal manure FAAS 
Cd, Co, Cr, 
Cu, 

Mn, Ni, Pb, Zn 

EPA-3050B Sungur et al., 2017 

Faeces, urine, and manure 

slurry from different 
livestock animals 

FAAS 

GFAAS 

Ni, Cu, Zn, Fe, 

Mn 
HNO3 digestion 

Svane & Karring, 

2019 

Composted animal manure 

AAS 
Fe, Mn, Zn, 

Cu 
Aqua regia digestion 

Vukobratović & 

Vukobratović, 2017 
ICP-OES 

Ni, Mo, Cr, 

Cd, Co, Pb 
Aqua regia digestion 

Swine manure ICP-MS 
Zn, Cu, Cr, 
Cd, Pb, Ni, As, 

Se 

N/A Wang et al., 2017 

Animal manure compost 

ICP-MS 
Zn, Cu, As, Cr, 

Cd, Ni, Pb, Co 
HNO3-HClO4 digestion 

Yang et al., 2017 AFS Hg HCl-HNO3 digestion 

ICP-MS - 

HPLC 
As H3PO4 treatment 

Animal feeds and manures 
AAS 

Cu, Zn, As, Cr, 

Cd, Pb HNO3 and H2O2 digestion Zhang et al., 2012 

AFS Hg 

 

CONCLUSIONS 

Accurate monitoring of metal concentrations in inputs used for ecological agriculture 

is an important action which aim is to minimize health hazards resulting from consumption of 

contaminated agricultural food products. Therefore, it is essential to have a general 

understanding of the main analytical methods which could be properly selected for input 

characterization.  

This paper provides an overview of the most used and sensitive analytical methods 

used for heavy metal quantification. As agricultural inputs are of various types, from different 

sources and heavy metal concentration from sample lie within a large range, the selection of 

the most reliable and accurate method is an important step which is always connected with 

chemist’s knowledge and skills. 

Because European legislation do not impose some specific methodology for heavy 

metal analysis in agricultural inputs, each country uses various protocols for these 

determinations. Also, there are no specific range for all metal concentrations, leaving everyone 

to set their own limits for most of them.  

The methodology for heavy metal analysis is not so varied, and two methods are most 

often used for these determinations: AAS and ICP (-MS or -OES), for all types of reviewed 

inputs. Sample preparation, on the other hand is quite different form one user to another. 

 

ACKNOWLEDGMENTS 

This paper is financially supported by project ADER 1.4.4. Identification, evaluation, 

testing, development and validation of analysis methods of nutrients and contaminants from 

inputs usable in organic agriculture and it is consistent with research directions and guidelines 

specified by Ministry of Agriculture and Rural Development in aforementioned project. 

 

 

 



Research Journal of Agricultural Science, 52 (1), 2020 

155 

 

BIBLIOGRAPHY 
ADESOYE, A.M., ADEKOLA, F.M., OLUKOMAIYA, K.O.,OLUKOMAIYA, O.O., IWUCHUKWU, P.U., 2014,  

Evaluation of physical properties and heavy metal composition of manure of some 

domestic animals. International Journal of Innovation and Scientific Research, 9(2), 

293-296. 

ALLOWAY, B.J., 2013, Heavy Metals in Soils. Trace Metals and Metalloids in Soilsand their 

Bioavailability, Springer Science+Business Media, Dordrecht. 

AHMED, M., IDRIS, A.S., OMAR, R.S., 2007, Physico-chemical characterization of compost of the industrial 

tannery sludge. J. Eng. Sci. Tech. 2, 81–94. 

AZZI, V., EL SAMRANI, A., LARTIGES, B., KOBEISSI, A., KANSO, A., KAZPARD, V., 2017, Trace Metals in 

Phosphate Fertilizers Used in Eastern Mediterranean Countries. CLEAN - Soil, Air, 

Water, Wiley, 45 (1), 1-30. 

BALTIC MARINE ENVIRONMENT PROTECTION COMMISSION, 2018, Guideline for the determination of heavy 

metals in sediment. https://helcom.fi/helcom-at-work/publications/, visited: 

20.03.2020. 

BECHER, M., SYMANOWICZ, B., JAREMKO, D., TRZCIŃSKA, E., 2018,Chemical composition of compost 

from municipal waste in the context of use as fertiliser. Acta Agroph., 25(3), 329-341. 

BOLAN, N.S., ADRIANO, D.C., MAHIMAIRAJ, A.S., 2004, Distribution and bioavailability of trace elements 

in livestock and poultry manure by-products. Crit. Rev. Environ. Sci. Technol., 34, 

291–338. 

BOŻYM, M., SIEMIĄTKOWSKI, G., 2018, Characterization of composted sewage sludge during the 

maturation process: a pilot scale study. Environmental Science and Pollution 

Research, 25, 34332–3434. 

BRIGDEN K., STRINGER R., SANTILLO D., 2002, Heavy metal and radionuclide contamination of fertilizer 

products and phosphogypsum waste produced by The Lebanese Chemical Company, 

Lebanon. Greenpeace Research Laboratories, Department of Biological Sciences, 

University of Exeter, UK. 

CANG, L., WANG, Y.J., ZHOU, D.M., HUA, D., 2004, Heavy metals pollution in poultry and livestock feeds 

and manures under intensive farming in Jiangsu Province, China. Journal of 

Environmental Sciences 16(3),371-4. 

DITTA, A., IMTIAZ, M., MEHMOOD, S., RIZWAN, M.S., MUBEEN, F., AZIZ, O., QIAN, Z., IJAZ, R., TU, S., 

2018, Rock phosphateenriched organic fertilizer with phosphate-solubilizing 

microorganisms improves nodulation, growth, and yield of legumes, Communications 

in Soil Science and Plant Analysis, 49(21), 2715-2725. 

ELMASLAR-ÖZBAŞ, E.,  BALKAYA, N., 2012, Extraction of heavy metals from compost using a mixture of 

Na2EDTA and Na2S2O5: column studies. Journal of Soil Science and Plant Nutrition, 

12 (3), 525-534. 

ERHART E., HARTL W., 2010, Compost Use in Organic Farming. Genetic Engineering, Biofertilisation, 

Soil Quality and Organic Farming., vol 4. Springer, Dordrecht. 

EUROPEAN COMMISSION, 2002, Communication “Towards a Thematic Strategy for Soil Protection” (COM 

(2002) 179). 

EUROPEAN UNION, Heavy metals and organic compounds from wastes used as organic fertilisers. Final 

Report, July 2004 

FAO, 2010, Preparation and use of compost. Technical Centre for Agricultural and Rural Cooperation 

(CTA). 

FARD, R.M., HEUZENROEDER, M.W., BARTON, M.D., 2011, Antimicrobial and heavy metal resistance in 

commensal enterococci isolated from pigs. Vet Microbiol., 148, 276–282 

FARIDULLAH, F., UMAR, M., ALAM, A., 2017, Assessment of heavy metals concentration in phosphate 

rock deposits, Hazara basin, Lesser Himalaya Pakistan. Geosci J, 21, 743–752. 

FEDERAL MINISTRY OF AGRICULTURE, FORESTRY, ENVIRONMENT AND WATER MANAGEMENT,2003, 

Austria, and European Communities,. Applying compost benefits and needs. Seminar 

Proceedings Brussels. 

 

https://helcom.fi/helcom-at-work/publications/


Research Journal of Agricultural Science, 52 (1), 2020 

156 

 

GAMBUS, F., WIECZOREK, J.,2012, Pollution of fertilizers with heavy metals. ECOL CHEM ENG A., 

19(4-5), 353-360. 

GIMENO-GARCIA, E.,  ANDREU, V.,  BOLUDA, R., 1996, Heavy metals incidence in the pplication of 

inorganic fertilizers and pesticides to rice farming soils. Environmental Pollution, 

92(1), 19-25. 

GLASER, B., WIEDNER, K., SEELIG, S., SCHMIDT, H.P., GERBER, H., 2015, Biochar organic fertilizers from 

natural resources as substitute for mineral fertilizers, Agronomy for Sustainable 

Development, 35, 667–678. 

GUL, S., NAZ, A., FAREED, I., KHAN, A., IRSHAD, M., 2015, Speciation of heavy metals during co-

composting of livestock manure. Polish Journal of Chemical Technology, 17(3), 19-

23. 

HANČ, A., TLUSTOŠ, P., SZÁKOVÁ, J., HABART, J., GONDEK, K., 2008, Direct and subsequent effect of 

compost and poultry manure on the bioavailability of cadmium and copper and their 

uptake by oat biomass. PLANT SOIL ENVIRON., 54(7), 271–278. 

HAROON, B., HASSAN, A., ABBASI, A.M., PING, A., YANG, S., IRSHAD, M., 2019, Effects of co-composted 

cow manure and poultry litter on the extractability and bioavailability of trace metals 

from the contaminated soil irrigated with wastewater. Journal of Water Reuse and 

Desalination,10 (1), 17–29 

IBRAHIM, H.G., OUIMINGA, S.K., YONLI, A., SANOGO, O., DAHO, T., KOULIDIATI, J., 2018, Study of 

Temperature Fields and Heavy Metal Content in the Ash and Flue Gas Produced by 

the Combustion of Briquettes Coming from Paper and Cardboard Waste, Recycling, 3 

(32), 1-11. 

IFOAM, https://www.ifoam.bio/en/faq-organic-agriculture, visited: 23.03.2020 

IGNATOWICZ, K., BREÑKO, T., 2011, Concentration of heavy metals in compost produced from municipal 

sewage sludge for natural reuse. Ecological Chemistry and Engineering. A,  18(9-10), 

1219-1226. 

IRSHAD, M., GUL, S., ENEJI, A.E., ANWARA, Z., ASHRAF, M., 2014,  Extraction of Heavy Metals from 

Manure and their Bioavailability to Spinach (Spinacia Oleracea L.) after Composting. 

Journal of Plant Nutrition, 37(10), 1661-1675. 

IRSHAD, M., MALIK, A.H., SHAUKAT, S., MUSHTAQ, S., ASHRAF, M., 2013, Characterization of Heavy 

Metals in Livestock Manures. Pol. J. Environ. Stud, 22(4), 1257-1262. 

JASINSKAS, A., MIELDAŽYS, R., PEKARSKAS, J., ČEKANAUSKAS, S., MACHALEK, A., SOUČEK, J., 2017,The 

assessment of organic and natural magnesium mineral fertilizers granulation and the 

determination of produced pellet properties. Conference Rural Development, 8, 158-

159. 

KANE, P.F., HALL, W.L.JR.,2006, Determination of arsenic, cadmium, cobalt, chromium, lead, 

molybdenum, nickel, and selenium in fertilizers by microwave digestion and 

inductively coupled plasma-optical emission spectrometry detection: collaborative 

study. J AOAC Int., 89(6), 1447-66. 

KISHOR, P., GHOSH, A.K., KUMAR, D., 2010, Use of Flyash in Agriculture: A Way to Improve Soil 

Fertility and its Productivity. Asian Journal of Agricultural Research, 4(1), 1-14. 

KUPPER, T., BÜRGE, D., BACHMANN, H.J., GÜSEWELL, S., MAYER, J., 2014,  Heavy metals in source-

separated compost and digestates. Waste Management, 34, 867–874. 

LÓPEZ-MOSQUERA, M.E., FERNÁNDEZ-LEMA, E., VILLARESA, R., CORRAL, R., ALONSO, B., 2011, 

Concepción Blanco. Composting fish waste and seaweed to produce a fertilizer for 

use in organic agriculture. Procedia Environmental Sciences, 9, 113 – 117. 

LUPASCU, N., CHIRILA, E., MUNTEANU, M., 2009, Heavy metal contaminants in organic fertilizers. Ovidius 

University Annals of Chemistry, 20(2), 232-234. 

MANDRE, M.,2006, Influence of wood ash on soil chemical composition and biochemical parameters of 

young Scots pine, Proc. Estonian Acad. Sci. Biol. Ecol., 55 (2), 91-107. 

MILINOVIĆ, J., LUKIĆ, V., NIKOLIĆ-MANDIĆ, S., STOJANOVIĆ, D., 2008, Concentrations of Heavy Metals in 

NPK Fertilizers Imported in Serbia. Pestic. Phytomed., 23, 195-200. 

 



Research Journal of Agricultural Science, 52 (1), 2020 

157 

 

MODAIHSH, A.S, AL-SEWAILEM, M.S., 1999, Heavy Metals Content of Commercial Inorganic Fertilizers 

Marketed in the Kingdom of Saudi Arabia. PRECISION AGRICULTURE,  9(1), 

1745-1754. 

NACKE, H., GONCALVES JR, A.C., SCHWANTES, D., NAVA,I.A.,  STREY, L., COELHOG.F., 2013, Availability 

of Heavy Metals (Cd, Pb, and Cr) in Agriculture from Commercial Fertilizers. Arch 

Environ Contam Toxicol,  64, 537–544. 

OGABIELA, E.E., PAUL,E.D., ADESINA,O.B., OKONKWO, E.M.,OGBONNA, J.O., AMANA, S.M., 2009,Heavy 

metal composition of commercial fertilizers from Zaria, Northern Nigeria. Global 

Journal of Pure and Applied Sciences, 15(1), 15 – 19. 

OKMANIS, M., LAZDIŅA, D., LAZDIŅŠ, A., 2015,  The Composition and Use Value of Tree Biomass Ash, 

Rural Sustainability Research,34(329) , 32-37. 

PASANEN, J., LOUEKARI, K., MALM, J., 2001, Cadmium in Wood Ash Used as Fertilizer in Forestry: Risks 

to the Environment and Human Health, PrintLink Oy Ab ,MINISTRY OF 

AGRICULTURE AND FORESTRY, Helsinki, Finland. 

PHAN, N.T., SENGSINGKHAM, T., PIMSIRI TIYAYON, P., MANEEINTR, K., 2019, Utilization of bottom ash for 

degraded soil improvement for sustainable technology.IOP Conference Series: Earth 

and Environmental Science, Vol. 268. 

RAVINDRAN, B.,MUPAMBWA, H.A., SILWANA, S., MNKENI, P.N.S., 2017, Assessment of nutrient quality, 

heavy metalsand phytotoxic properties of chicken manure on selected commercial 

vegetable crops. Heliyon, 3(12), 1-17. 

RADZIEMSKA, M., VAVERKOVÁ, M.D., ADAMCOVÁ, D., BRTNICKÝ, M., MAZUR, Z., 2018, Valorization of 

Fish Waste Compost as a Fertilizer for Agricultural Use. Waste and Biomass 

Valorization, 10, 2537–2545. 

ROBERTS, T., 2014, Cadmium and phosphorus fertilizers: The issues and the science. Procedia 

Engineering, 83, 52-59. 

DA SILVA, F.B.V., DO NASCIMENTO, C.W.A., RENATA, P., ARAÚJO, M., 2017, Environmental risk 

of trace elements in P-containing fertilizers marketed in Brazil. Journal of Soil 

Science and Plant Nutrition, 17 (3), 635-647. 

DA SILVA, Y.J.A.B., DO NASCIMENTO, C.W.A., BIONDI, C.M., PRESTON, W., 2014, Comparison of 

digestion methods to determine heavy metals in fertilizers. R. Bras. Ci. Solo, 38, 650-

655. 

SINAJ, S., MALTAS, A., KEBLI, H., TURPAULT, M.P., 2015, Wood ashes – A new fertilizer for agriculture. 

RAMIRAN 2015 – 16th International Conference, Rural-Urban Symbiosis. 

SUNGUR, A., SOYLAK, M., YILMAZ, S., OZCAN, H., 2016, Heavy metal mobility and potential availability 

in animal manure: using a sequential extraction procedure. J Mater Cycles Waste 

Manag, 18, 563–572. 

SVANE, S., KARRING, H., 2019, A comparison of the transition metal concentrations in the faeces, urine, 

and manure slurry from different livestock animals related to environmentally 

relevant microbial processes. Cogent Chemistry, 5, 1-18. 

SYMANOWICZ, B., BECHER, M., JAREMKO, D., SKWAREK, K., 2018, Possibilities for the Use of Wood 

Ashes in Agriculture. Journal of Ecological Engineering, 19, 191-196.  

URUNMATSOMA, S.O.P., IKHUORIA, E.U., OKIEIMEN, F.E., 2010, Chemical fractionation and heavy metal 

accumulation in maize (Zea mays L.) grown on chromated copper arsenate (CCA) 

contaminated soil amended with cow dung manure. Inter. J. Biotechnol. Mol. Biol. 

Res., 1(6), 65–73. 

VUKOBRATOVIĆ, M., VUKOBRATOVIĆ, Ž., 2014, Heavy Metals in Animal Manure and Effects of 

Composting on It. Acta horticulturae, 1034(1034), 591-597. 

WANG, G., SHEN, L., SHENG C., 2012, Characterization of Biomass Ashes from Power Plants Firing 

Agricultural Residues, Energy & Fuels 26 (1), 102-111. 

YANG, X., LI, Q., TANG, Z., ZHANG, W.,YU, G., SHEN, Q., ZHAO, F.J.,2017, Heavy metal concentrations 

and arsenic speciation in animal manure composts in China. Waste Management, 64, 

333-339. 

 



Research Journal of Agricultural Science, 52 (1), 2020 

158 

 

ZAJAC, G., SZYSZLAK-BARGŁOWICZ, J., GOŁEBIOWSKI, W., SZCZEPANIK, M., 2018, Chemical 

Characteristics of Biomass Ashes, EnergiesMDPI, Open Access Journal, 11(11), 1-15. 

ZAJAC, G., SZYSZLAK-BARGŁOWICZ, J., SZCZEPANIK, M., 2019,  Influence of Biomass Incineration 

Temperature on the Content of Selected Heavy Metals in the Ash Used for Fertilizing 

Purposes, Applied Sciences 9(9):1790. 

ZEINER, M., REZIĆ, I.R., STEFFAN, I., 2007, Analytical Methods for the Determination of Heavy Metals in 

the Textile Industry, Journal of Chemists and Chemical Engineers, 56(11), 587–595. 

ZENNARO, M., CRISTOFORI, F., FORMIGONI, D., FRIGNANI F., PAVONI, B., 2005,Heavy metal contamination 

in compost. a possible solution. Annali di Chimica, 95(3-4), 247-256. 

ZHANG, F., LI, Y., YANG, M., LI, W., 2012, Content of Heavy Metals in Animal Feeds and Manures from 

Farms of Different Scales in Northeast China. Int. J. Environ. Res. Public Health, 9, 

2658-2668. 

 

 


