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Abstract Analysis of heavy metals in top soil samples
from Nzoia sugarcane farms in Western Kenya found
elevated levels of heavy metals in the soils with mean
concentrations (mg kg~' dry weight) of 142.38, 59.12,
73.35, 116.27, 409.84 (dry season) and 144.22, 50.29,
72.14, 158.81, 368.83 (wet season) for Cr, Pb, Cu, Zn and
Fe, respectively, compared with a control soil sample from
an adjacent field where fertilizers are not applied having
mean concentrations of 117.27, 61.87, 63.68, 123.49,
282.93 (dry season) 108.00, 50.68, 66.10, 114.23, 167.01
(wet season), respectively. The heavy metal loads in the
sugarcane farms were above international standards. The
levels of the same metals in the fertilizers used in the
sugarcane farms were within acceptable international
standards. A risk assessment of the continued use of
phosphate fertilizer (DAP) in the farms based on a 50-year
period, did not exceed international threshold. The soil pH
values (6.18 dry season and 5.66 wet season) were low
compared to the control (7.46 dry season and 7.10 wet
season) a situation that could accelerate heavy metal sol-
ubility and mobility in the farm soil. Lowering of soil pH
was attributed mainly to fertilizer application and partly to
increased organic matter content as shown by the high
mean total organic carbon content values of 8.63% (dry
season) and 8.43 (wet season) in comparison with a control
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soil meant total organic carbon content value of 4.76% (dry
season) and 5.02 (wet season).

Keywords Heavy metals - Fertilizer impact - Sugarcane
farms - Nzoia - Kenya

Mortvedt (1995) has reported that fertilizers and biosolids,
mixtures of scum and sludge, contain heavy metals that
accumulate in soil with repeated fertilizer application.
Heavy metals in fertilizers and other soil inputs are there-
fore a big threat to the sustainability of farming practices
and to the ecology of the local environment. The bioac-
cumulation and bio-concentration of toxic heavy metal
residues in the food chain can put terrestrial consumers
including humans and birds at risk (Wang 1987; Gough
and Herring 1993; Driscoll et al. 1994; Ongley 1996;
Sekhar et al. 2003). The risks of heavy metal accumulation
through agricultural activities and problems posed by
heavy metals in fertilizers and other soil inputs have
therefore increasingly drawn the attention of farmers,
environmental organizations, consumers, and public poli-
cymakers worldwide (USEPA 1999; Lawrence and Brian
2002; Oliver 2004; Pekey et al. 2004).

The physicochemical processes taking place within the
soil environment, including soil erosion, leaching, plant
uptake and volatilization, are the primary determinants of
the transport and fate of heavy metals emanating from
fertilizers and related products (Alloway 1995a). Although
heavy metals are not susceptible to chemical degradation
like organic contaminants, chemical conditions in the soil
are important secondary determinants of transport and fate
of both anthropogenic and naturally-occurring heavy met-
als (Duinker et al. 1982; Alloway 1995b; Ford et al. 2001).
The four various physico-chemical interactions between
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metals and the solid phase of the soil matrix, soil water, and
air within and above the soil which include specific
adsorption, co-precipitation, cation exchange, and organic-
ligand complexation, respectively, depend on a variety of
chemical reactions. These chemical reactions include
covalent bonding with soil matrix and metal-anion
exchange on the soil surface as well as formation of water
insoluble precipitates from metal cations and anions such
as carbonates, sulfides and/or phosphates (Stevenson 1979;
Duinker et al. 1982; Alloway 1995b; Ford et al. 2001).

The organic carbon fraction has a significant influence
on heavy metal transport and, anthropogenic heavy metals
such as Pb, Cu, Zn and Cr are strongly correlated with
organic carbon (Chen and Stevenson 1979; Xue 2008). The
soil pH is also an important secondary determinant of
heavy metal transport and fate at the application sites, with
their ionization, water solubility and mobility increasing at
low soil pH (Alloway 1995b; Moody and Aitken 1997).
Tonization of metals increases at low pH thereby increasing
their water solubility and mobility. Hydroxonium ions
displace most other cations on negative surface charges
which results in the reduction of metal adsorption through
cation exchange and organic complexation (White 1987,
Ford et al. 2001). In addition Duinker et al. (1982) found
that the use of commercial fertilizers affects soil chemistry,
specifically by lowering the soil pH hence increasing heavy
metal solubility and mobility.

This study was aimed at determining heavy metal con-
centrations, total organic carbon (TOC) and pH in soil in
Nzoia Nucleus estate sugarcane farms in Kenya where
inorganic fertilizers are used extensively and the impact of
fertilizers on soil with respect to heavy metal concentration
levels, soil and water pH as well as seasonal variations on
these parameters. The study area was the Nucleus Estate
sugarcane farms of Nzoia Sugar Company Limited (lying
between 34° 50'49"E-35° 35'41”E longitudes and 0°
4'55'"N-0° 20'11"'S latitudes) which is located in Bungoma
District, Western Province. The company premises occupy
a total surface area of 4,629 Ha (hectares) and the factory
serves over 30,000 out-grower farmers within Bungoma,
Kakamega and Lugari Districts in Kenya. The Nucleus
Estate farms which are owned by the sugar company and
cover a total area of 4,000 Ha, supplies 20% of sugarcane
requirement for the refined sugar processing company. The
rest of the cane requirement is met by private out-grower
farmers. The Nucleus Estate farms have many water canals
which run across the farms and discharge waste water into
River Kuywa which flows through the farms before joining
River Nzoia and the waste water coming from the farms is
of significant concern to the local communities which
depend on river water. Currently, the area under cane within
the Nucleus Estate farms is 3,500 Ha with an average plant
crop yield of 124 TCH (Tones of Cane per Hectare) and a

Ratoon crop yield of 93 TCH. The Nucleus Estate farms
have black nitrosol soils that are deep and well drained
(DDP 1994) and intensive sugarcane farming is done with
fertilizers including Di-ammonium Phosphates (DAP) and
urea being applied during the onset of the long rains at the
rate of 3.4 50-kg bags/Ha DAP and 3.6 50-kg bags/Ha Urea
per year, respectively. Most of the rainfall is received dur-
ing the long rain season which is from March to May while
the short rains season is from September to November and
the average annual temperature ranges from 15°C minimum
to 30°C maximum (DDP 1994; DDP 2002). The control site
was at Kanduyi District Education Board Primary School
football pitch which lies within the same geographical
region as Nzoia Sugar Company and also has black nitrosol
soils that are deep and well drained (DDP 1994).

Materials and Methods

A complete randomized block design was used in sampling
of the fertilizers whereby three 100 g replicates from each
of the 50 bags sampled at random in one store of the
Department of Agronomy, Nzoia Sugar Factory were col-
lected in plastic bags and transported to the laboratory in
Maseno University for analysis. A similar complete ran-
domized design was also used to sample three 100 g rep-
licates of top soil samples from each sampling point
(Fig. 1) using a PVC pipe of 1.5 cm diameter, inserted up
to 20 cm into the soil. The soil samples were transported in
black plastic bags to the laboratory for analysis. The same
procedure was replicated at the control site in a football
pitch of Kanduyi District Education Board Primary School.
All the samples were air dried and crushed with a pestle
and mortar, sieved through a 45 pm mesh and kept in clean
plastic containers before acid digestion. The moisture
contents of the soil samples were determined.

Aqua ragia digestion method was used to extract total
heavy metals present in samples and the extract analyzed
for heavy metals (Pb, Cr, Cu, and Zn) using a Shimadzu
AA-6200 Atomic Absorption Spectrophotometer. Stron-
tium chloride (1.5 mg mL_l) was used to remove inter-
ference in absorbance of the specific metal by other metals
at the same wavelength and to improve efficiency by pre-
venting unnecessary ionization of the ions. For the soil pH,
a method adopted from Rhodes (1982) was used: 50 mL of
de-ionized water was added to 20 g of crushed soil sample.
The mixture was stirred well for 10 min and allowed to
stand for 30 min before stirring again for 2 min. The pH
was then measured using a pH meter (3071 Jenway). A
method, as described by Okalebo et al. (2002), was used to
determine total organic carbon of soil samples. In this
method 10 g of well mixed air dried soil sample was heated
in an oven for 3 h at 105°C in a crucible and the difference
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Fig. 1 A layout of Nzoia sugar
company nucleus estate farms
and the sampling points.
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in weights noted as the moisture content. The sample, in a
cricuble, was then placed in a Vulcan A-550 muffle furnace
and the temperature raised slowly from 100, 200, to 550°C,
respectively, and then maintained at 550°C for 8 h. The
grayish white ash sample was removed and cooled in a
desiccators and then weighed. The difference in weight
between the moisture free sample and the ash represented
the total organic carbon of the sample.

Recovery studies were done for each metal to ascertain
the accuracy of the extraction procedures by taking ana-
lytical grade potassium dichromate, lead nitrate, copper
sulphate, zinc nitrate and iron nitrate, respectively, to make
a 10,000 ppm stock solution for spiking samples. Twenty
1 g acid-washed soil and fertilizer samples were each
spiked with 10 pL of the stock solution and mixed well.
The spiked samples were digested together with some
blanks of the respective samples and solvents used in the
extraction process and the digests were analysed by AAS.
Various concentrations of the analytical reagent of each
metal were analyzed by the AAS and a calibration curve
for each standard metal drawn. Each of the digested sam-
ples was then analyzed for each metal by the AAS and
extrapolation using the respective calibration curve.

@ Springer

The means and ranges of the data collected were
determined in this study. Confidence limits of 5% were
applied to test the significance of the analytical results.
Analysis of variance (ANOVA) (p < 0.05) (two factor
experiment for soil and one factor for fertilizers) and stu-
dents T-test (p < 0.05) were used to check the variations.
Statistical analysis was performed using MSTATC.

Results and Discussion

The analytical method found mean % recovery values for
Cr, Pb, Cu, Zn and Fe of 93, 89, 94, 88 and 84, respectively,
with detection limits of 0.001, 0.001, 0.003, 0.008 and
0.01 ng mL™", respectively. The wet weight:dry weight
ratios were 1.015 &+ 0.014 and 1.029 £ 0.009, for the farm
soil and control soil samples, respectively. The results of the
heavy metal concentrations, soil pH and TOC are shown in
Tables 1,2, 3,4, 5, 6 and 7. The soils of Nzoia Sugar belt in
Kenya are not “clean” with reference to standard back-
ground values of countries such as Netherlands, Taiwan and
Dutch (Chen et al. 1996, 1999; Zueng-Sang 2000)
(Table 5). However, no background values for soils in
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Table 1 Heavy metal loads (mean 4 SD mg kg~ ' of dry weight), pH and TOC in soil samples from farms within Nzoia Nucleus estate farms

Site pH dry pH wet TOC % dry  TOC% wet Cr Cr wet Pb dry Pb wet

Plot 9053 6.62 £ 0.25 532 +£0.16 624 +£026 734022 113.99 +40.29 14695 £ 11.77 56.08 &£ 2.24 55.59 &+ 4.18
Plot 8071 6.08 £ 0.07 5.78 £0.32 728 £026 824 £0.11 11459 £22.65 86.52 £ 11.68 5321 £321 5132 +3.41
Plot 243 6.34 £ 0.07 597 £0.06 6.60 £036 635+ 037 15232 +£ 1455 13029 £096  55.00 £ 4.94 49.99 &+ 1.60
Plot 125 6254+ 0.22 564 +£035 935+£036 517+0.16 162.19 +36.09 161.58 +3.16 63.41 =256 51.60 + 1.88
Plot 616 627 £0.56 6.16 = 0.57 10.89 £0.52 11.27 £0.25 15793 £27.52 179.92 +£20.09 63.39 & 7.29 52.05 £ 2.97
Plot 429  6.15+0.16 5.63 £0.78 10.67 £ 1.04 10.28 £0.26 167.82 £ 18.67 14595 4+ 13.87 71.09 &+ 1.60 36.18 + 4.69
Plot 413 554 +£0.31 5.10+£0.18 940+ 036 1038 £0.11 127.82 £ 75.62 15835 £ 3145 51.66 £ 1.90 55.32 £ 5.90
Seasonal  6.18 £ 0.39 5.66 £ 049  8.63 £ 187 843 £2.18 142.38 +£39.03 144.22 +31.47 59.12 £ 7.42 50.29 & 7.05
Table 2 Heavy metal loads (mean & SD mg kg~ dry weight) in soil from farms within Nzoia Nucleus estate farms

Site Cu dry Cu wet Zn dry Zn wet Fe dry Fe wet

Plot 9053 37.68 £ 1.65 51.55 £ 7.84 120.32 £+ 1.80 119.95 £+ 4.07 304.61 £+ 6.09 225.05 £+ 25.60
Plot 8071 83.36 &+ 1391 83.33 £ 6.06 134.39 + 6.94 186.34 + 6.96 33471 + 31.50 250.27 £+ 9.81
Plot 243 75.96 £+ 13.08 90.62 £ 5.46 132.02 £ 2.98 154.86 £+ 6.29 213.63 £+ 6.29 320.24 £ 26.30
Plot 125 71.08 £ 10.12 81.45 £ 2.11 116.11 £ 5.13 152.45 £+ 27.33 424.05 + 25.21 404.87 + 6.40
Plot 616 93.52 £ 5.61 75.33 £ 8.58 104.34 £+ 7.08 182.65 + 8.80 533.49 £+ 35.13 263.12 £+ 39.92
Plot 429 84.51 £ 10.54 57.09 £ 29.70 110.71 £ 11.41 161.38 £+ 10.55 684.81 £+ 76.82 467.73 + 16.28
Plot 413 67.31 £ 1.99 65.64 £ 7.68 96.02 + 35.64 154.05 £+ 21.02 373.59 £+ 108.00 650.52 + 43.59
Seasonal 73.35 £+ 18.83 72.14 £ 17.50 116.27 + 18.17 158.81 £ 24.23 409.84 + 155.87 368.83 £+ 146.15

Dry denotes dry season, wet denotes wet season

Table 3 Heavy metal loads (mean & SD mg kg™ of dry weight), pH and TOC in soils from a control site within Nzoia sugar belt zone

SITE TOC % dry TOC % wet pH dry pH wet Cr dry Cr wet Pb dry Pb wet

1. 417 £020 631 +£0.10 7.41 £0.01 7.22+0.11 105.08 £ 5.06 90.61 &+ 15.78 48.72 £ 1.51 47.52 £ 2.61
2. 518 £021 440 £0.12 7.50+£0.01 7.08 £ 0.07 122.24 + 14.68 118.20 & 5.03  75.14 4+ 47.58 47.52 + 2.01
3. 492 +£0.08 434 +£035 7.46+0.05 7.00 £0.06 12450 +4.34 115.18 £4.00 61.75 £ 1.57 56.99 &+ 3.96
Season average 4.76 £ 048 5.02 +0.99 7.46 +£0.05 7.10£0.12 117.27 £12.23 108.00 £ 15.63 61.87 £ 26.42 50.68 £ 5.39
The distance between the sites was approximately 200 m

Dry denotes dry season, wet denotes wet season

Table 4 Heavy metal loads (mean + mg kg~ ' of dry weight) in soils from a control site within Nzoia sugar belt zone

SITE Cu dry Cu wet Zn dry Zn wet Fe dry Fe wet

1. 71.70 &+ 7.37 67.45 + 6.17 124.65 &+ 3.00 97.12 &+ 3.08 251.65 + 7.97 22527 £+ 31.32
2. 67.60 & 4.09 60.32 £+ 4.81 131.60 & 4.11 115.52 + 6.92 336.88 &+ 35.37 160.38 & 26.54
3. 51.75 £ 3.12 70.54 + 2.97 114.22 4+ 3.55 130.05 & 30.87 260.26 % 10.08 115.38 &+ 30.34
Season average 63.68 + 10.17 66.10 £+ 6.17 123.49 £+ 8.19 11423 +21.38 282.93 + 44.78 167.01 £ 54.23

dry denotes dry season, wet denotes wet season

Kenya have been developed hence the necessity to do so in
order to have compatible background values with regional
characteristics in Kenya. Hence, by adopting those stan-
dards, the soils in our studied area were ‘not clean’. How-
ever, soils in the Nucleus Estate farms had a higher
concentration of heavy metals than soils from the control

site (Tables 1-4). This was an indication that fertilizer
use in the farms had a negative impact on the environment
due to elevated concentration levels of heavy metals in the
soil.

Analysis of fertilizers used in the farms revealed that
they are contaminated with the studied heavy metals
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Table 5 Data obtained from this study in comparison with other international standards on heavy metals in soils (mg kg™ of dry soil)

Heavy Control® Nucleus® Normal Critical soil Reference values in Reference values in Reference Values for

Metals soil (Kenya) soil (Kenya) range in total concs.®  Neths. soil standards® Taiwan soils® Dutch soil standard®
soils®

Chromium 142%144°  117%108°  5-1,500 75-100 100%/250%* 100974008 100"/380"

Copper  73Y72° 64%/66° 2-250 60-125 50%/500% 1202008 36"/1901

Lead 599/50° 629/51° 2-300 100-400 200%/500%* 50%5008 85"/530

Zinc 116%158°  1249114°  1-900 70-400 50%/150%* 3515008 140"/720!

Iron 409%368°  283%167° ND ND ND ND ND

ND Not determined

* This study (number of examined samples 42), ¢ this study dry season value, ® this study wet season value, * Alloway 1995a, ® Alloway 1995a;
the critical soil total concentration® is the range of values above which toxicity is considered to be possible, © (Chen et al. 1996, 1999; Zueng-
Sang 2000). * Tentative soil quality standards for the Netherlands, ** reference value for good soil quality,  Taiwan’s standard values for
assessment of soil quality, & the upper limit of the background concentration, " natural level, | Clean-up level

Table 6 Heavy metal loads in fertilizers used in the farms of Nzoia Nucleus estate farms (mean + SD mg kg™ dry weight) in comparison with

international standards

Cr Pb Cu Zn Fe
UREA* 5.170 61.380 36.980 32.050 4,536.947
DAP* 13.407 247.117 49.070 57.947 3,113.48
USEPA" standard NG 300 1,500 2,800 NG
Canadian® standard NG 500 NG 1,850 NG
RCRE® Suggested Limits for Sewage Sludge 1,200 300 1,500 2,800 NG

Key

NG Not given in the literature

4 This study 2010 Kenya (number of examined samples 150)
° USEPA 1999

¢ The soil profile 2006

RCRE Rutgers cooperative research and extension

though not above international standards (Tables 3, 4).
Risk assessment analysis (Table 7) of DAP fertilizer used
in the farms within the Nzoia Nucleus Estate for 50 years
(in Kg/ha) in comparison with international standards
(USEPA 1999) revealed that fertilizer application did not
pose a threat to the farms. However, of great concern, was
the pH difference in the two farms because during the wet
season Nzoia Nucleus Estate farms soil pH dropped to
approximately 5.66 from 6.18 (Tables 1, 2) while the
control site soil maintained an almost constant soil pH
value i.e. 7.10 (wet season) and 7.46 (dry season)
(Tables 3, 4). The low soil pH values aid in solubility and
mobility of heavy metals in soils (Alloway 1995b) even the
naturally occurring ones. A part from fertilizers playing a
great role in pH reduction (Duinker et al.1982), the soil
organic matter represented by the total organic carbon
content in soil could also contribute to lowering of the soil
pH, although to a lesser extent, in the present study
(Tables 1-4). A similar observation has been made in other
studies (Chen and Lee 1995; Xue 2008). The total organic
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content level was high in the farms as compared to the
control soils due to agricultural activities, especially agri-
cultural residues such as bio-solids. Alloway (1995a) has
also reported similar high TOC values in farms as result of
agricultural activities. In this study, a formula was used to
calculate the risk of DAP fertilizer application in the
Nucleus Estate farms. The USEPA formula for risk assess-
ment used is: Kg/Hectare = (ppm metal/1,000,000) x
%Ph x Application Rate of the Fertilizer x 0.454 kg/
Ib x 2.47 Ac/hectare x 50 years (USEPA 1999). The
results obtained by using this formula are given in Table 7
where they are compared with other international standards.

In conclusion, we found heavy metal loads in soil
samples taken from Nzoia Sugar Company Nucleus Estate
farms to be above international background levels hence
there is need to determine, in more detail, levels of toxic
heavy metals in such farms in Kenya where there is heavy
usage of fertilizers and to determine the impact of fertilizer
use on the farm soil and on water bodies downstream. In
this study, the heavy metal concentration levels in the farm
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Table 7 Risk based analysis of DAP fertilizer used in the farms of Nzoia Nucleus estate for 50 years (in Kg Ha ') in comparison with

international standards

Heavy Metal Risk based USEPA® AAPFCO° OSDA? CDFA®
assessment load® standard standard standard standard

Cr. 0.128 0.6 NG NG NG

Cu. 0.4677 NG NG NG NG

Pb. 2.355 2.8 463 340 61

Zn. 0.552 NG 2,900 NG 420

Fe. 29.676 NG NG NG NG

Formula: Kg/Hectare = (ppm metal/1,000,000) x %Ph x Application Rate Fertilizer x 0.454 kg/Ib x 2.47 Ac/hectare x 50 years (USEPA

1999)

Key

NG Not given in the literature

9%Ph percent phosphate in the fertilizer, Ac accumulation

* This study 2010 Kenya (number of examined samples 150)
" USEPA 1999

¢ The Association of American Plant Food Control Officials
9 Oregon standards

¢ California Code of Regulations section 2302 and 2303

soil samples were higher than in control showing the
impact of fertilizer use on the elevated levels of the heavy
metals analysed. Similar findings have been reported in
other countries in farms including sugarcane farms where
contamination with heavy metals as a result of fertilizer use
and biosolids have impacted negatively on streams down-
stream (Schroeder et al. 1996; Lawrence and Brian 2002;
Sekhar et al. 2003; Oliver 2004; Pekey et al. 2004). In this
study, it was also found that the use of fertilizers affects the
soil chemistry by lowering of the soil pH which in turn can
aid in heavy metal solubility and subsequent mobility from
the soil matrix. Our results indicate the need for continuous
environmental monitoring in similar agricultural systems
where intensive fertilizer application is practiced for miti-
gation purposes.
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