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Abstract

Vegetables of Amaranthus Spinosus Linn species, commonly grown along urban motorways, were sampled in three different
locations along motorways in Ile Ife, Nigeria. The washed and unwashed leaves, stems and roots portions of the vegetable
samples as well as the soil samples from each site were separated for independent analysis. All samples were digested using
analytical grade acids and subsequently analysed using Total Reflection X-ray Fluorescence (TXRF) technique. Elements
identified mainly in the samples are K. Ca, Ti, Mn, Fe, Cu, Zn, Br, Rb, Sr and Pb. Enrichment factors and soil-to-plant transfer
ratios (TR ) of the metals for each vegetable sample were determined. The enrichment factors reveal that anthropogenic
contributions increased the levels of some elements: Cr, Mn, Br, Sr and Pb, in the vegetable samples.
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1. Introduction

Macronutrients and micronutrients required for plant
growth are derived from the soil. These macronutrients in-
clude Ca, K, Mg and Fe. The micronutrients which are also
known as the minor or trace elements include Mn, Zn, and
Cu (Delaune ef al., 1986). Nutritional elements widely
required by human body structure and functions are de-
rived essentially from the plants consumed as food.
Amaranthus Spinosus Linn vegetable is widely consumed
in the western part of Nigeria because of its nutrients com-
position, cheapness and availability. These nutritional ele-
ments are Ca, K, Fe, Cu, Mn, and Zn. Calcium and K oc-
cur in the greatest quantity in all parts of the plant. Magne-
sium and Ca play important roles in the glycolytic activi-
ties in cells (Chu-Fang, 1996). Magnesium occurs in teeth
and bones and acts as a cofactor to certain enzymes. Iron is
essential to haemoglobin formation and is part of cytochrome
molecule (Hay, 1984). Of the essential elements, Cu, Mn
and Zn are required in minute traces only (Hay, 1984).
Copper deficiency leads to anaemia since Fe cannot be used
without it. Manganese is an activator of enzymes and Zn is
associated with proper growth of hair (Chu-Fang, 1996). It
is also very important to mention that some elements such
as As, Br and Pb are known to be toxic to human bio-sys-
tem if they exceed the threshold limit (Baker, 1983). Al-
though it has been discovered that high proportion of in-
gested toxic elements are excreted, the populace still face
serious health risk from vegetable poisoning as large por-
tions of the consumed vegetables are grown on contami-
nated plots along motorway within the city (Loppi e al.,
1998).

Naturally, only very small concentrations of these elements,
particularly, Pb are present in soils and plants, but as a re-
sult of anthropogenic activities the concentrations of these
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elements in plant increase (Chu-Fang, 1996). Swaine (1955)
estimated the average content of lead in the Earth’s crust to
be 16 ppm and gave a range of total lead in agricultural
soils of 2 to 200 ppm. Connor (1961) found a range of 16 to
710 ppm lead in some surface soils from New Jersey, Penn-
sylvania, and Maryland.

Obviously when the soil is impacted, the plant will also be
impacted but the level of impaction of the plant from the
soil depends on the soluble portion of the pollutants. It has
been observed that the accumulation of heavy metals in
plants depends upon many factors. These are the availabil-
ity of the elements in soluble form to the plants, the charac-
teristics of the plants- species, age, state of health, type of
reproduction, etc; and other such parameters as tempera-
ture, available moisture, substratum characteristics, etc.
(Conti and Cecchetti, 2001). Plant uptake of pollutant from
soil will be better related to soluble than to total pollutant in
soils. Concentrations of the pollutants in plants also de-
pend on the part of the plant being analyzed.

Studies made of transplanted Evernia prunastri highlighted
the fact that the capacity for Pb accumulation after trans-
planting. It was found that the relationship between the con-
centration after the transplanting of Evernia prunastri and the
initial concentration value is 10.2 in France, 3.7 for Germany
and 4.4 for the city of Rome, Italy (Bartoli et al., 1994; Moriarty,
1999). In Italy, different biomonitoring studies carried out
using lichens have shown that Pb is still very widespread in
spite of the introduction of lead-free petrol. This indicates
that high levels of this metal are still released (and/or re-
suspended) by vehicle traffic (Cardarelli e al., 1993; Conti,
1996; Deruelle, 1996). Vehicular traffic seems to be the
main source of atmospheric Cr, Cu, and Pb in the central
Italian sites (Monaci er al., 1997). Some elements — Cd,
Cu, Cr, Ni, Pb and Zn detected in the analysis of roadside

45



OWOADE et al.

soils, vegetation and crops were found to have elevated con-
centrations attributable to traffic pollution (Ndiokwere,
1984). It has been reported that a considerable fraction of
Pb particles are deposited on the soil and crops within a
few hundred feet of the highways and that contact between
Pb and the crops occurs both above and below ground. It
was also reported that barley plants grown on soils treated
with up to 800 ppm lead indicated less than 3 ppm in leaves
but almost 800 ppm in the roots after analysis. (Schuck and
Locke, 1970). They also reported as high as 890 ppm of
lead in the roots of lemon cuttings grown in solution cul-
ture. whereas less than 3 ppm was found in the leaves. This
means that automotive lead particulates exists mostly as a sim-
ple topical coating on vegetation and that the highest Pb con-
centrations are associated with those portions of the plant which
have the greatest surface to volume ratio, e.g., leaves.

In this work, the urban grown Amaranthus Spinosus Linn
vegetable is considered because of its availability and fre-
quency of consumption among the food-stuff make-up of
most people in the area. The trace elements in washed and
unwashed Amaranthus Spinosus Linn vegetables, soil and
water (used for wetting the vegetables) samples are pre-
sented. Elemental concentrations of the vegetable, soil and
water samples were compared to know the source of in-
creased level of some elements in the vegetable samples.

2. Materials and Methods
2.1 Site Location

This work was carried out in Lle-Ife, southwestern Nigeria.
The vegetable plots on swampy lands are along motorways
at about 10 and 100 meters from the motorways. Three
sampling sites (which are totally free from tree cover) were
chosen with samples collected randomly at the sites. Sam-
ple 1 means the samples from Site 1, etc.

2.2 Sampling
(a) Vegetables

The vegetable samples were randomly uprooted within an
area of about 10m x 10m at each of the selected sites. Each
sample was regarded as a composite sample. In the labora-
tory, the vegetables were grouped into two with one part
washed and the other unwashed. The samples in each of
the two groups were separated into leaves, stems and roots.
The washing was carried out using double distilled water
and all samples were dried at 60°C for 48 hours. The dried
vegetable materials were homogenized in a 5% nitric acid-
conditioned mortar and pestle.

Digestion of the vegetable samples was carried out accord-
ing to Ogner et al. (1991). Sub-samples of 200mg were
weighed into a 125ml Teflon bomb and 4ml of a 3:1 mix-
ture of ultra-pure HNO, and H,0,added. The Teflon bombs
were then heated ina microwave oven at 300W, 450W and
600W, for 7 min. at each level. The solution was thenanalyzed
after cooling.

(b) Soils

Ten samples of soils of approximately 50g were taken at
cach site. All vegetation, coarse rock fragments and roots

were removed manually. The samples were dried and passed
through a 2-mm sieve to remove stones prior to digestion.
Each soil sample was homogenized and grounded with
mortar and pestle. It was then digested as described above.

(c) Water

Irrigation water samples were collected from each of the
sampling sites. The appropriate sample container was pre-
pared in advance for actual sample collection for the analytes
of interest. Water samples were collected directly into the
containers from the stream in accordance with Quality As-
surance Project Plan (QAPP) and Field Safety Plan (FSP)
(USEPA, 1992). Three sub-samples of 1.0 ml were pre-
pared, after thorough shaking, from each of the water sam-
ples and immediately analysed for the heavy metals.

2.3 Sample Analysis

A 5ul aliquot of each of the samples, with Gallium as inter-
nal standard, was pipetted on to a quarlz sample carrier
and dried using an infrared lamp. The dried samples were
analyzed using a total reflection X-ray fluorescence
spectrometer. The samples were irradiated with X-rays from
a Mo-secondary target source operated at 40 kV and 20
mA. Fluorescence X-rays from the irradiated sample was
collected and sorted using an X-ray spectrometer consist-
ing of a Si(Li) detector, GENIE2K inspector hardware and
GENIE2K software running on a PC. Each sample was
analysed thrice and the spectra obtained were quantified
using the QXAS software package. The data sets presented
are the averages of the three measurements in respect of the
spectra analyses and the averages for the soil and vegetable
samples from a particular site.

2.4 Statistical Analysis

The soil-to-plant transfer ratio (TRs_p) and the enrichment
factor (EF) can be used as means of inferring the relation-
ship between the soil and the vegetables. The TR_, defined
as the ratio of the concentrations of element X in vegetable
and soil samples, is given by:

(C X )\’.’.‘g
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where C_is the concentration of element x. The EF is the
quotient of the ratio of the concentration of element x to the
concentration of reference element fin the vegetable sam-
ple to the same ratio in the reference soil. It is expressed as:
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where C_and C, are the concentrations of element x and
reference element fin vegetable and reference soil samples.

EF =
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Table 1: Average elemental concentration (g 2) of unwashed and washed vegetable samples

Sampling Site

1 (10 m from the motoryay)

ROOT STEM LEAF
Elements |Unwashed | Washed |Unwashed| Washed |[Unwashed| Washed
K 457643 | 366016 | 455548 | 41031.2 | 322807 | 312245
Ca 10219.7 7483.0 10214.7 9857 4 LGS 199N NES362 2
] 160.7 92.5 843 37.0 1411 73.0
Cii 35.0 14.0 74 8 37.4 118.8 17.8
Mn 939 30.7 30.5 29.6 921.6 81.1
Fe 2010.5 3159 1085.5 366.3 1361.6 8049
Cu 202 19.6 14.3 14.0 25.1 244
Zn 49.5 41.7 41.7 40.5 78.5 54.6
Br 10.4 6.7 253 24.7 20.9 17.0
Rb 98.0 77.6 359 333 57.9 41.8
Sr 124.6 94.8 1156 105.5 1850 128.0
Pb )T 31.6 2709 101225 138.7 AR

Sampling Site 2 (100 m from the motorway)

ROOT STEM LEAF
Elcments | Unwashed | Washed | Unwashed | Washed | Unwashed | Washed
K 203259 [19016.9 462233 | 40005.9 380203 | 241948
Ca 7077.6 | 6502.2 104747 9853.3 154471 | 14586.4
Ti 92.9 47.2 399 16.9 55.6 41.2
Cr Tl 60.7 2.0 R 104.1 252
Mn 36.4 28.1 214 15.8 54.3 42.8
Fe 1440.6 801.2 4577 306.2 744 .1 silkoky
Cu 13.7 1532 112 85 259 21.6
Zn 45.3 412 403 353 87.6 779
Br 4.5 302 7.2 Rl 1201 6.3
Rb 31.0 28.8 22 62.2 7l 38.7
Sr 67.0 66.2 106.9 99,2 87.8 704
Pb 138.8 126.2 78.6 58.1 50.7 48.3

Sampling Site 3 (10 m from the motorway)

ROOT STEM LEAF
Elements | Unwashed | Washed | Unwashed | Washed | Unwashed | Washed
K 394174 |38228.3 381884 | 35765.1 26850.3 | 210213
Ca 9436.6 | 8830.6 109727 | 9601.6 21811.7 | 217176
Ti 1954 87.6 443 257 120.6 37.0
Gr 43.9 40.5 354 28.4 28.0 14.0
Mn 43.7 38.9 14.8 11.4 16.6 36.2
Ee 2493.1 | 12989 434.6 374.2 1068.3 592.0
Cu 17.6 (6 13.9 6.6 25.5 285
Zn 71.8 68.8 64.4 59.3 1149 94,1
Br 52 4.3 4.4 3.4 5.0 4.3
Rb 85.9 81.5 68.2 D2 84.0 72.1
Sr 84.3 82.9 91.2 86.8 122.0 116.5
Pb 49.6 45.7 39.2 Sl 54.5 SIS,
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Table 2: Elemental enrichment factor of the vegetable samples Table §: Average elemental concentration (pg/g)
of water samples
Sampling Site 1 Sample-1 | Sample-2 | Sample-3
Cr My | Br | & [ B K 1285 6005|3299
Leal 137 66| 35178] 266| 6222 Ca 666.6 1711 417
Stem 36 | 47| 101078 432 29287 i 13 19.9 2
Root et f - ] 1089.6 15.5 136.6 Mn 154 184 163
Sampling Site 2 Fe 89.8 1096 1012
Cr vin Br Sr Pb Ni 6.5 6.4 0.0
Leaf sk [0 G [ kO R T Cu 8.2 49 1.8
Stem 1844 | 55| 63227| 888 13747 n 147 10.5 128
Root 72.1 3.5 10144 21.2 | 1070.6 In 3004 5259 2094
Ba 36.9 62.0 4.0
Sampling Site 3
7 Mn Br Sr Ph
Lear D120 S8 17652 476 | 3565 Table 6: Soil-to-plant transfer ratio for washed parts of
Stem 619 26| 20082] 5.1 5147 Amaranthus vegetable
Rool 259 26 81| 143 | 2087
Sanple-1 Ti Cr Mn Sr Pb
Leaf | 001 =1 004] 092] 020
Siem | 0.01 = 001] 075]| 048
Root | 0.02 -] 002] 068| 006
Sample-2
Table 3: Elemental enrichment factor of soil samples Leal | 001 007] o3| v3s| 009
¢ ST R AT S Y
Site 1 : 1 51 162 Root [ 001 | 015 002] 036| 022
Site 2 A T Sample-3
Site 3 08T 12 142 is2s Leaf | 00Lf 004 003 072] 002
Sem| 001] 009] 001] 054| 002
Root | 0.02] 012 003 051 002

Table 4: Average clemental concentration g )
ol soil samples

Sample-1 | Sample-2 | Sample-3

K 35170 4654 4 57749
Ca 8414 4 0446.9 115572
Ti 3600.1 34119 4106.5
Cr 0.0 409.0 329.0
Mn 21224 1706.3 1132.2
Fe 46436 .9 36271.4 446144

Ni 3 38.3 0.0
Cu 50.1 30.5 293
Zn 281.6 213.9 390.2
Rb 443 48.3 83.5
St 139.9 184.7 1619
Ba 2808.6 1296.1 2542.6

Pb 3642 560.9 21375
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It is agreed in principle that if the value of TR__ is greater
than 0.9, the vegetables possessed high uptake ability for
the element from sources other than soil or indicate that the
soil is not the only source of contribution of the element
(Jenne, 1968). It is to be noted, however, that large propor-
tions of the pollutants are washed to the soil from the at-
mosphere and get leached to various levels of the soil pro-
file.

3. Results and Discussion

In Table 1, the average elemental concentrations of twelve
major, minor and trace elements in Amaranthus Spinosus
Linn (green variant) for both washed and unwashed sam-
ples from each of the sample sites are reported. For
lithophilic elements like Ti, Mn and Fe, elemental concen-
trations were higher for the unwashed samples than the
washed samples. The difference in elemental concentra-
tions between the washed and the unwashed samples are
however minimal for Cu, Zn, Br, Rb Sr and Pb. This calls
for serious concern in view of the immediate toxic nature of
these heavy metals at high concentrations, apart from the
long time accumulation effects. It was observed that Br, Sr
and Pb were highly enriched and Cr and Mn moderately
enriched, taking EF > 5 as indication of possible anthropo-
genic influence (Tables 2 and 3). The vegetable plots are
strongly impacted from wind and automobiles related re-
entrained particulates that settle soon after re-entrainment
as a result of their closeness to highways since. Plots far
from highways or totally outside urban centers would be
less impacted especially from automotive related sources.
It is interesting to note from Tables 4 and 5 that Ba was
detected in soil samples and In and Ba in water samples but
the two elements were not detected in the vegetable sam-
ples. It could therefore be stated that the uptake level for
these elements is low. The soil-to-plant transfer ratio, TRs_p,
(Table 6) showed that the elements Ti, Cr, Mn and Sr were
majorly taken up from the soil. The observed increased lev-
els of Cu, Zn, Br and Pb detected in the leaves as compared
to the stem and root parts of the vegetable samples could be
attributed to strong contributions from surface contamina-
tions from anthropogenic sources especially road traffic.
This is because of the closeness of the sampling sites to the
motorways and the established fact of the said elements
being source finger-print elements for road traffic (Monaci
et al., 1997).

4. Conclusion

This study has shown that contamination of vegetables grown
within urban centers could be significant. Though research
has shown that high proportions of ingested toxic elements
are excreted, the populace still face serious health risks from
food poisoning in respect of heavy metals like Pb, Cu, Zn
and Cr. This is because of the almost daily consumption of
this food item leading to accumulation of such toxic metals
over time. The cultivation of such food items in urban centers
should be discouraged in view of its contamination from
anthropogenic sources. It has been observed that thorough
washing removes a lot of the lithophilic elemental contami-

nants so that clean cooking habits at homes should be em-
phasized.
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