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The elemental composition and possible sources of metals in phosphate chemical fertilizers used in
Ghana were determined. The fertilizers used in this include Rock Phosphate (RP), Triple Super Phosphate
(TSP), Mono Ammonium Phosphate (MAP), Diammonium Phosphate (DAP), and NPKs in varying
proportions. Analysis of these metals of interest was carried out with Flame Atomic Absorption
spectrometer (FAAS). Metals such as Cr, Co, Cu, Cd, Mg, Mn, Pb and Zn were possibly generated by the
dry milling process of phosphate rocks in the fertilizer manufacturing factories. The chemical reactions
within the factories probably participated in the metal loads. Triple Super Phosphate (TSP) had relatively
high levels of metals in the fertilizers.
Keywords: Phosphate, Rock, Fertilizer, Metal

INTRODUCTION
Phosphorus is one of the most essential plant nutrients; its
deficiency in soils severely affects the growth of crops
production. Soils deficient in phosphorus can be amended
with phosphate-containing fertilizers produced from
phosphate rocks. Cadmium and other heavy metals, as
well as radionuclide contaminants are present in
phosphate rocks. Different quantities of these elements are
transferred into phosphorous fertilizers. The heavy metals
in phosphate fertilizers depend on the phosphate ore from
which the fertilizer was produced and the chemical
processing of the ore.
Since the 1950s, the application of plant nutrients,
including phosphate fertilizers, has increased substantially.
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More than 30 million metric tons of phosphate fertilizers are
annually consumed worldwide, which increase crop
production and land reclamation (Lambert et al., 2007).
The long-continued application of phosphate fertilizers
can redistribute and elevate uranium and toxic heavy
metals, such as As, Cd and Pb, in soil profiles and
consequently their transfer to the food chain, mainly in acid
soils. It can also raise these elements concentrations in
irrigation runoff/drainage waters (da Conceicao and
Bonotto, 2006).
Heavy metals occur naturally in all soils in minute
quantities, but can accumulate in agricultural soils from
various sources, such as fertilizers, organic supplements,
atmospheric deposition and urban and industrial activities.
Some of these metals are essential nutrients for plants and
animals. However, sufficiently high concentrations can
become toxic and constitute serious health problems
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Table 1. Analytical characteristics of AAS 240FS

Metal

lamp
(nA)

Cd
Co
Cr
Mn
Cu
Zn
Pb
Mg

4
7
7
5
4
5
5
4

current

wavelength
(nm)

slit
width(nm)

fuel /gas

oxidant

working
(ug/ml)

228.8
240.7
357.9
279.5
324.7
213.9
217.0
285.2

0.5
0.2
0.2
0.2
0.5
1.0
1.0
0.5

acetylene
acetylene
acetylene
acetylene
acetylene
acetylene
acetylene
acetylene

air
air
air
air
air
air
air
air

0.02-3
0.05-15
0.06-15
0.02-5
0.03-10
0.01-2
0.1-30
0.003-1

whenever they enter into the human food chain (Oliver,
1997). Kongshaug et al. (1992) gave a comprehensive
account of some heavy metal concentrations found in
various phosphate rock deposits. It is known that these
heavy metals, present as impurities in phosphate rocks,
are transferred to the fertilizers during processing.
As trace elements, Cu, Mn and Zn are essential to
maintain the metabolism of the human body. However, at
higher concentrations they can lead to poisoning. Heavy
metals are dangerous because they tend to bioaccumulate. Accumulation of heavy metals in soil has
potential to restrict the soil function, cause toxicity to
plants, and contaminate the food chain. Heavy metals are
associated with a myriad of adverse health effects,
including allergic reactions (e.g. Cr), neurotoxicity (e.g. Pb),
anemia, stomach and intestinal irritation (e.g. Cu), and
cancer (e.g. Cr-VI) (Goyer, 1996). Increased concern about
the contamination of soil and water resources with heavy
metals has been shown in recent years. Adverse health
effects consequent upon consumption of contaminated
feeds have also received much attention (Singh, 1991;
1994). Analysis of fertilizers commercially marketed in
India, Italy, Australia, New Zealand, England and USA
indicated that all phosphate fertilizers contained significant
and varying amounts of heavy metals (Williams and David,
1973; Arora et al., 1975; Pezzarossa et al., 1990).
In Ghana, fertilizer use is on the increase, mainly to
restore soil fertility in order to increase agricultural
productivity. However, this does not come without adverse
effect of inorganic fertilizer application. The aim of this work
is to determine composition and possible sources of metals
in the phosphate inorganic fertilizer used in Ghana.
MATERIALS AND METHODS
Samples of some of the various types of phosphate
fertilizers, commonly used by Ghanaian farmers, were
obtained. These include: Rock Phosphate (RPL), Triple
Super Phosphate (TSP), Mono Ammonium Phosphate

range

(MAP), Diammonium Phosphate (DAP), and NPK in
varying proportions.
The samples were ground into powdered form using a
mortar grinder (FRISCH Pulverisette 2) and dried in an
oven (Memmert) at 104 ºC. An amount of 0.50g of each
dried powdered sample was taken and digested with the
combined solutions of 6ml of 65% HNO3 and 2.5 ml of 37%
H2SO4 in a microwave oven (ETHOS 900 Microwave
Labstation). The chemicals used were analytical grade
chemicals obtained from Sigma Aldrich. Reagent blanks
and standards were subjected to the same digestion
procedure as the samples. The solutions obtained after
digestion were each diluted to 20 ml with de-ionized water.
The concentrations of the elements; Cd, Co Cr, Cu, Mg,
Mn, Pb and Zn were then determined by flame atomic
absorption spectrometry (FAAS) using Varian AAS
240FS.The analytical conditions for the operation of the
AAS equipment are shown in Table 1.
RESULTS AND DISCUSSION
The analytical results obtained for elemental analysis of
nine phosphatic fertilizer samples are summarized in Table
2.
Total concentration of Cr was measured in this work. The
highest level of total Cr (i.e. 23.52 µg/g) was found in RPL
whilst the lowest of 0.36 µg/g was in NPK 21:10:10. The
concentration of elements in the other remaining samples,
µg/g, was of the order; RP > TSP > PKA > PKL > NPK
23.10. 5 > MAP > NPK 15.15.15 > DAP > NPK 21:10:10.
Chromium concentration measured in this work falls within
ranges reported in similar work under taken in other
countries (Table 3). The toxicity of chromium (Cr) to plants
or animals depends on its oxidation state. Chromium
(III),for instance, is an essential nutrient that helps the body
consume sugar, protein, and fat while Cr (VI) is considered
to be a carcinogen. Information about oxidation states
must, therefore, be known to make conclusions on toxicity
or health benefit.
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Table 2. Concentration (in µg/g) of some toxic and potentially toxic elements in phosphate fertilizers

Sample ID
DAP

Cr
(µg/g)
0.56

Pb
(µg/g)
<0.001

Cd
(µg/g)
0.88

MAP

4.66

<0.001

0.62

TSP

10.54

1.92

PKA

8.88

Zn
(µg/g)
0.88

Mn
(µg/g)
45.04

Mg
(µg/g)
<0.001

Co
(µg/g)
1.52

Cu
(µg/g)
3.4

8.12

1.58

1.11

3.82

2.62

22.53

1.72

12.52

91.18

1.52

2.16

5.8

127.36

<0.001

0.64

8.12

2.6

1.25

2.76

4.04

28.29

PKL

7.28

<0.001

0.88

8

2.36

1.31

3.36

3.84

27.03

RPL
NPK-15.15.15

23.52

<0.001

1.72

16.6

58.76

0.84

3.28

17.08

121.8

0.62

<0.001

0.68

0.44

16.8

<0.001

0.7

2.06

21.3

NPK- 21.10.10

0.36

<0.001

<0.002

0.36

10.28

0.44

<0.005

2.8

NPK-23.10.5

7.08

<0.001

2.36

0.38

4.52

2.08

0.32

2.36

14.24
19.1

The concentration of lead in TSP was 1.92µg/g. The rest
of the samples had concentrations below detection limit
(0.001µg/g). During the manufacturing process of
phosphate fertilizers, the application of sulphuric acid either
separates Pb in phosphogypsum or immobilizes it as
insoluble lead sulfate (C.J. Rosen 2002).The concentration
of lead in TSP cannot be said to be alarming with regard to
plant nutrition owing to the fact that plants do not take-up
Pb below 300µg/g in soil.
From the analysis, the concentration of Cd in NPK21:10:10 was below the detection limit of 0.002µg/g.
However, NPK-23:10:5 recorded the highest concentration
of 2.36µg/g with MAP recording the lowest concentration of
0.62µg/g. Cadmium is a health issue, its content in food
has to be controlled and limited.
The concentration of Zn, in µg/g, in the phosphatecontaining fertilizer samples in increasing order was; NPK
21:10:10 (0.36) < NPK 23.10. 5 (0.38) < NPK
15.15.15(0.68) < DAP (0.88) < PKL (8.00) < PKA = MAP
(8.12) <TSP (12.52) < RPL (16.60). According to Pantelica
et al 1997, a concentration range of 25–200 µg/g for zinc is
considered as adequate for most field-grown crops.
The analysis shows that the levels of Cu in phosphatic
fertilizer samples were highest in RPL (i.e 17.08 µg/g) and
lowest in NPK 15.15.15 (i.e 2.06 µg/g).Copper is a
micronutrient and is required in very small quantities for the
proper growth of plants. Its content in plants must be at
least above 3µg/g for their proper growth while the
maximum normal concentration of Cu in plant must be
below 50 µg/g (Pantelica et al, 1997). The concentration of
Cu determined in the various samples ranges between
2.06µg/g for NPK 15.15.15 and 17.08µg/g for RPL. The
concentrations of Mn in the samples were profound in TSP,
DAP NPK 15.15.15 and NPK 21.10.10 (> 50% of analyzed

Metal load
(µg/g)
52.28

trace metal composition of the samples). Manganese is
known to be a basic macronutrient for plants. The
concentration range of <0.001-2.08 µg/g recorded for Mg
was far lower than that of 12240 µg/g recorded in Brazil by
K. Edgell in 1988.
The increasing order of Co concentration (in µg/g) in the
various phosphatic fertilizers were NPK 23:10:5(0.32) <
NPK 23:10:5(0.70) < DAP (1.52) < TSP (2.16) < PKA
(2.76) < RPL (3.28) <PKL (3.36) < MAP (3.82). This
indicates that MAP recorded the highest concentration of
Co whereas the lowest was observed in NPK 23:10:5.
Cobalt showed varying concentrations among the nine
phosphate-containing fertilizers. The concentration of Co in
NPK 21:10:10 was however below detection limit
(0.005µg/g).
The load of elements in fertilizers varies depending on
the geographic location of the phosphate rocks from which
the fertilizers were manufactured. The metal load in this
case is simple arithmetic addition of the concentration of
elements analyzed in the study. The TSP had the highest
load (127.36µg/g) with Mn and Cr contributing 72% and 8%
respectively (Figure 1). It was only TSP that had 1.92µg/g
of lead; the rest had levels below detection limit. Generally
the NPKs contained relatively lower levels of metals though
cadmium level in NPK 23.10.5 was highest (2.36µg/g).The
staggering concentration of metals in the samples indicate
that source of elements in the fertilizers is phosphate rocks
from which they were manufactured. It is in record that
phosphate rocks from Togo contain high levels of cadmium
and so likely that fertilizer processed from such mineral
would have high levels if good separation methods were
not employed.
Most of the metals determined in the fertilizers are
micronutrient for plant nutrition. The levels of the elements
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Figure 1. Metal composition in phosphate fertilizer samples from Ghana (NPK-1, NPK-2, and NPK-3
3 are NPK 15.15.15, NPK 21:10:10, and NPK 23.10. 5
respectively).

Table 3. Concentration (µg/g)
g/g) of some metals in phosphate fertilizers in some countries

Country
Brazil
Egypt

Cr
70.5

Pb
44.5

Cd
4

Zn
299
13.2

Mn

Mg
12240

Co

Israel

56

Morocco

291

7

Nigeria
North Africa

28
105

Russia

23.3

Saudi
Arabia
Syria

176

88

136

269

0.4

Tunisia

161

515

0.67

Togo

75

143

149

1.2

USA

142

403

2235

0.44

385

372

0.37

30

345

0.48

6

60

59
420

3

0.1

19

12

11

in the phosphate fertilizers were within limits required for
most field crops. However, one cannot say their application
to crops will not cause devastating effects to plant growth.
This is because the mineral composition of the soils on
which the fertilizers will be applied is not known. Analysis
of fertilizers commercially marketed in India, Italy,
Australia, New Zealand, England and USA in
indicated that
all Phosphate fertilizers contained significant and varying
amounts of heavy metals (Williams and David, 1973; Arora

Cu
97

5716

22

19.8
45
2.05

30
130

23

Reference
Edgell (1988)
Abdel-Haleem et
al (2001)
Pantelica et al
(1997)
Pantelica et al
(1997)
Edgell (1988)
Kongshaug et al
(1992)
Pantelica et al
(1997)
Kongshaug et al
(1992)
Pantelica et al
(1997)
Pantelica et al
(1997)
Edgell (1988)
Conceicao et al
(2006)

et al., 1975; Pezzarossa et al.,
al 1990). The elemental
concentration range as reported in similar works in other
countries is also
lso shown in Table 3.Application
3.
of these
fertilizers on such soils may aggravate the situation and
cause
se deleterious effects to plants.
Fertilizers are water soluble and easily get contaminated
with surface water, groundwater and food. Levels of metals
determined in the fertilizer samples (Table 2) exceeded
maximum limits of WHO (2004) guideline for potable
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water. This suggests that fertilizers are potential sources of
pollutants in water resources. Kaka et.al (2012), Kortatsi
(2003), Pelig-Ba (1991, 2009) reported high levels of some
trace metals in groundwater attributable to, among others,
agricultural
activities
such
as
fertilizer
and
pesticide/herbicide applications.
The heavy metals in the phosphate fertilizers were not
intended for and hence their presence is a nuisance.
The level of the metals in the fertilizers raises concern for
also investigating presence of naturally occurring
radioactive materials in these phosphate fertilizers. Martin
el al. (1999), Al-Masri et al. (2004), Mourad et al.
(2009)show that radioactive matter may concentrate in
phosphogypsum; a by-product emanating from the fertilizer
production reactions.
CONCLUSION
This study aimed at determining the composition and
possible sources of metals in the phosphate inorganic
fertilizer used in Ghana. When compared to other studies,
the inorganic chemical analysis of the sampled fertilizers
showed moderate levels of metals. Elements such as Cr,
Co, Cu, Cd, Mg, Mn, Pb and Zn were possibly generated
by the dry milling process of phosphate rocks in the
factories from which the fertilizers were manufactured. The
chemical processes within the factory probably participated
in the metal loads. Triple Super Phosphate (TSP) had high
levels of metals in the fertilizers whilst the NPKs generally
had low metal loads. The metals in the fertilizers are
impurities since they were not intended for though their
concentrations were below maximum limits required for
most field crops. The fertilizers are water soluble and
therefore are potential sources of metallic pollutants in
water resources. We recommend measurement of
radioactive materials in these phosphate fertilizers which
are sold on markets in Ghana.
ACKNOWLEDGEMENT
The authors wish to acknowledge the management of
Nuclear Chemistry and Environmental Research Centre,
National Nuclear Research Institute, Ghana Atomic Energy
Commission for making available the equipment and
materials for the analysis. We express our profound
gratitude to Mr. Nash .O. Bentil and Mr. G. Crabb for
assisting in the laboratory analysis of the samples. We also
appreciate the eternal devotion kept by our spouses.
REFERENCES
Abdel-Haleem AS, Sroor A, El-Bahi SM, Zohny E (2001). Heavy metals
and rare earth elements in phosphate fertilizer components using

instrumental neutron activation analysis, Appl. Radiat. Isotopes 55,
569–573.
Alfsen KH, Bye T, Glomsrod S, Wiig H (1997). Soil degradation and
economic development in Ghana. Environment and Development
Economics, 2, 119-143
Arora CL Nayyar VK, Randhawa NS (1975). Notes on Secondary and
Microelement Contents of Fertilizers and Manures. Indian J. Agric. Sci.
45: 80 – 85.
Conceicaõ FT, DM (2006). Bonotto, Radionuclides, heavy metals and
fluorine incidence at Tapira phosphate rocks, Brazil, and their industrial
byproducts, Environ.Pollut. 139, 232–243.
Edgell K (1998). USEPA Method Study 37-SW-846 Method 3050, Acid
digestion of sediments, sludges and soils, EPA, 1988 Contract No. 6803-3254.
Goyer RA (1996). Toxic Effects of Metals, in: C.D. Klaassen (Ed.),
Casarett&Doull's Toxicology: Basic science of poisons, McGraw-Hill,
New.
Hurst FJ (1989). The Recovery of Uranium from Phosphoric acid, IAEA,
Vienna, and IAEA- TECDOC: 553.
Kaka EA, Akiti TT, Nartey VK Ahialey EK, Anim A, Sarfo DK (2012). Trace
element constraints on the origin and evolution of groundwater from
southwestern periphery of the Volta Lake, Ghana.Elixir Geoscience 49
9752-9760
Kongshaug G, Bockman OC, Kaarstad O, Morka H (1992). Inputs of
Trace Element to Soils and Plants. In: Proceedings of Chemical
Climatology and Geomedical Problems. Norsk Hydro, Oslo, Norway.
Kortatsi BK (2003). Acidification of Groundwater and its implication on
Rural Water Supply in the Ankobra Basin, Ghana.West Africa J. Appl.
Ecol. Vol.4 pp 35-47.
Larson BA (1993). Fertilizers to Support Agricultural Development in SubSaharan Africa: What is Needed and Why? Center for Economic Policy
Studies, Winrock International Institute for Agricultural Development,
Mimeo,Washington, D.C., USA
Ministry of Agriculture, Food and Rural Affairs (OMAFRA) (2002). Cereals:
Fertility, Ministry of Agriculture, Food and Rural Affairs, Queen's Printer
for Ontario, Ontario, Canada, March 2002.
Ogunleye PO, Mayaki MC, Amapu IY (2002). Radioactivity and heavy
metal composition of Nigerian phosphate rocks: possible environmental
implications, J. Environ. Radioact. 62, 39–48.
Oliver MA (1997). Soil and Human Health: A Review: European Journal
of Soil Science 48:573-592.
Oliver MA (1997). Soil and human health: a review. European Journal of
Soil Science48:573-592.
Pantelica AI, Salagean MN, Georgescu II, Pincovshi ET (1997). INAA of
some phosphate used in fertilizer industries, J. Radioanal. Nucl. Chem.
216, 261–264.
Pelig-Ba KB (1996). Trace Elements in Groundwater from some
Crystalline Rocks in the Upper Regions of Ghana. Water, Air, and Soil
Pollution 103: 71–89.
Pelig-Ba KB, Biney CA, Antwi LA (1991). Trace Metal Concentrations in
Borehole Waters from the Upper Regions and the Accra Plains of
Ghana. Water, Air, and Soil Pollution 59: 333-345.
Pezzarossa BF, Malorgio F, Lubrano L, Tognoni F, Petruzzeli G (1990).
Phosphatic Fertilizers as Sources of Heavy Metals in Protected
Cultivation. Communication in Soil Science and Plant Analysis 21: 7.
Rosen CJ (2002). Lead in the Home Garden and Urban Soil Environment,
Communication and Educational Technology Services, University of
Minnesota Extension, USA,.
Singh BR (1991). Unwanted Components of Commercial Fertilizers and
their Agricultural effects. The Fertilizer Society, London, UK.pp 28.
Singh BR (1994). Trace Element Availability to Plants in Agricultural Soils,
with Special Emphasis on Fertilizer Inputs.Environmental Review
2:133-146.
Williams CH, David DJ (1973). The Effect of Superphosphate on the
Cadmium Content of Soils and Plants, Aust. J. Res. 11, 43-56.

Ahialey et al. 157

Xu Z, Burke WJ, Jayne TS, Govereh J (2009). Do input subsidy programs
“crowd in” or “crowd out”commercial market development? Modeling
fertilizer demand in a two-channel marketing system. Agric. Econ., 40,
79-94

Zapata F, Roy RN (2004). Use of Phosphate Rocks for Sustainable
Agriculture, FAO land and Water Development Division, Rome. WHO
(2004)

