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Abstract: This study, was conducted to evaluate the uptake of heavy metal from the soil by root vegetables and their translocation within different plant 
parts.  The analysis was conducted using inductive coupled plasma optical emission spectroscopy after nitric acid digestion with microwave assisted 
method. Sweet potato roots had high uptake of heavy metals with arsenic (22.2 µg g

-1
), cadmium (19.2 µg g

-1
) and lead (21.6 µg g

-1
) compared to other 

vegetables studied, however carrot roots had higher chromium uptake of 30.8 µg g
-1
. The total concentrations of the toxic metals (arsenic, cadmium, 

cobalt, chromium, lead) were found to be higher than permissible limits in soil and edible parts. All nutritious metals (cupper, iron, manganese, nickel, 
zinc) were detectable in all samples and within permissible limits. Zinc concentration ranged between 20.9 to 40.7 µg g

-1
 in edible parts of all vegetables 

studied, with the highest concentration in sweet potatoes and lowest in potatoes. Among all heavy metals studied, cadmium showed high 
bioaccumulation factor rate which was highest in carrots (0.97) and lowest in sweet potatoes (0.61). Iron showed the lowest bioaccumulation factor rate 
<0.01 in all root vegetables studied. The presence of these metals in vegetables reveals their potential consumption by humans and thus health effects, 
thus their continuous assessment is of importance, also prevention measures need to be considered. 
 
Index Terms: Heavy metals, Soil, Root vegetables, Permissible limits, Translocation, Toxicity, Uptake.   

———————————————————— 

 

1 INTRODUCTION 

Root vegetables in human diet are significant ingredients that 
contains essential macro and micro nutrients with health 
benefits produced as underground crops. In KwaZulu Natal, 
amadumbe (Colocasia esculenta) are tuber crops produced as 
underground corm, potatoes (Solanum tuberosum) are 
produced as stem tubers, sweet potatoes (Ipomoea batatas) 
and carrots (Daucus carota) are produced as storage roots [1]. 
The micronutrients such as Zn, Cu, Mn, Ni, Fe, Co and Mo are 
essential for plant growth however, while others such as Cd, 
Pb, Cr and Co have unknown biological function. The crops 
and environment are highly contaminated by hazardous heavy 
metals as they are non-biodegradable with long biological half-
lives and their persistence nature which makes heavy metals 
toxic to the consumer [2].  The growing cases of the 
environment and human food contaminated by heavy metals 
has become a serious concern in the agricultural sector. These 
metals reach food chain through various biochemical process 
and ultimately biomagnified in various trophic levels and 
eventually causes toxicological effects [3]. Ingestion of heavy 
metals contaminated vegetables results in serious chronic 
accumulation of heavy metals causing a decrease in 
immunological defences, intrauterine growth retardation, 
impaired psycho-social behaviour, disabilities associated with 
malnutrition, and a high prevalence of upper gastrointestinal 
cancer in the human body. Natural and anthropogenic 
activities are typical pathways that contaminate soil and crops. 
Natural occurrence of heavy metals in the environment is due 
to natural pedo-geochemical background [4].  
 
 
 
 
 
 
 
 
 
 
 
 

Anthropogenic activities release biologically available forms of 
heavy metals into the environment [5]. Agricultural sector in 
one of the significant anthropogenic activities contributor 
including addition of fertilizers, sewage sludge, manures, and 
pesticides increasing the soil metal concentration and 
consequent plant uptake. Both organic (depending on the 
parent material) and inorganic/ chemical fertilizers are major 
sources of heavy metals [6], as well other agrochemicals such 
as manures, pesticides, herbicides, fungicides, sewage sludge 
and waste water allowing bioaccumulation of heavy metals 
and other chemical residues in agricultural soils [7]. Plant roots 
is a major absorbent of these toxic elements through 
absorption from contaminated soils [8]. Primarily, they are 
absorbed in the apoplast of the roots and transmitted further 
into other parts of the plant cells. Their translocation takes 
place in different parts of the plant through various pathways 
and result in reduction in growth by altering the physiological, 
biochemical and metabolic activities of the plants [9]. Ingestion 
and inhalation are two ways in which the heavy metals enter 
the human body. The absorption of heavy metals through 
consumption of vegetables is reported a global problem. The 
health risk related with higher heavy metals levels found in 
human food chain has become the government and public are 
becoming greatly concern about [4].  ul Islam et al. [5] 
indicated that half of the mean ingestion of heavy metals is of 
plant origin. Thus, bioaccumulation of heavy metals in 
agricultural crops pose a direct threat to human health [5].  In 
this study, the heavy metal content of agricultural soil and root 
vegetables was determined and compared to maximum 
residue limits set by World Health Organization (WHO) and 
Food and Agricultural Organization (FAO). The outcome of this 
study is expected to develop awareness among the public of 
Jozini on the safety of consuming crops produced in this area. 
 

2. MATERIAL AND METHODS 

 
2.1. Chemicals and Materials 
All reagents used were of analytical grade. Deionised water 
was used for preparing the solutions and dilutions. Stock 
solutions of metals (1000 mg/L) were purchased from (Sigma-
Aldrich St. Louis, US) and prepared from their nitrate salts.  
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Polyethylene bags were purchased from Prestige (KwaZulu 
Natal, South Africa).  
 
2.2 Study area and collection of samples 
The samples were collected from Makhathini research station 
is the Department of Agriculture and Rural Department 
research station. It is based in Jozini village located in 
KwaZulu Natal Province in South Africa. Based on Global 
Positioning System (GPS), the exact geographical location is 
represented by co-ordinates (-27.417123, 32.156989). During 
wet season daily temperatures differs between 21°C and 38°C 
and in dry season between 10°C and 28°C. The precipitation 
on averaged is approximately 569 mm annually. The prevalent 
wind direction is north to northeast and in summer the average 
wind speed is 11.3 km h

-1
 and 8.2 km h

-1 
in winter. There is a 

lot agriculture taking place in Makhathini area and maize being 
the dominant crop. Conventional agriculture is still practiced 
for research purposes which is the possible source of heavy 
metals to the soil in the site of interest. Root vegetables and 
corresponding soil samples were collected from research 
farms. Soil samples were sampled from 0-15 cm surface layer 
in the same vegetable sampling location. Stainless-steel 
digging fork was used to sample root vegetables. Samples 
were stored in polyethylene bags for transport. 
 
2.3 Sample pre-treatment and digestion 
Soil samples were dried at room temperature for 48 hours, 
powdered and pass through 200 mesh size (<74 mm) sieve. 
Root vegetables were peeled and separated into roots, peels, 
edible, stem and leaves. Vegetables parts were washed with 
deionized until free from soil particles. Samples were then 
freeze-dried for 3 days and kept at 4°C until analysis were 
conducted. Soil and vegetables parts digestion was conducted 
with a microwave acid-assisted system. A 0.5 g (DW) was 
mixed with 10 mL 55% HNO3 in a Teflon vessel. A microwave 
system with a power output of 1200 W was used to heat the 
vessels. The microwave system temperature programming 
was as follows: The first step, 2 minutes heating from room 
temperature to 170°C; the second stage, 3.30 minutes heating 
to 180°C; and the third stage, 9.30 minutes held at 180°C. A 
clear solution was then transferred to 50 mL, after digestion 
and made up to volume with deionised water. A 10 mL of 55% 
percent HNO3 blank was used as a control. 
 
2.4 Elemental analysis using ICP-OES 
For metal analysis, a Varian 720-ES Inductively Coupled 
Plasma-Optical Emission Spectroscopy (ICP-OES) equipment 
(Varian Inc, Palo Alto, CA, USA) was used. The ICP-OES 
analyzes many elements and has a wide linear calibration 
range. The following were the operating conditions for the ICP-
OES technique: The RF power was 1.0 kW, the viewing 
geometry was axial, the argon plasma gas flow was 15.0 L 
min

-1
, the auxiliary gas flow was 1.50 L min

-1
, the nebulizer gas 

flow was 0.75 L min
-1

, and the replicate reading time was 9.0 
s. All of the analyses were carried out in duplicate. 
 

2.5 Validation of the analytical method 
The method was validated based on linearity (R

2
), limits of 

detection (LOD), limit of quantification (LOQ) and percentage 
recoveries. The linearity was examined by analysing the 
mixture of the metals at concentrations ranging from 0 -100 
mg L

-1
. The LOD and LOQ were calculated 3.3 and 10 x (SD 

of intercept/slope), respectively. The recoveries of the method 
were assessed using samples spiked at 10 mg L

-1
 with the 

metals of interest. 
 
2.6 Statistical analysis 
The Statistical Package for Social Science (SPSS version 25.0 
SPSS Inc, Chicago, IL, USA) was used for the analysis 
concentrations (µg g

-1
) of ten heavy metals. The mean values 

and standard deviations of the four root vegetables samples 
were calculated for all replicate measurements. The significant 
differences in heavy metals across root vegetables were 
determined using Kruskal Wallis non-parametric test. Upon the 
identification of the significant difference, The Mann-Whitney U 
test was employed to determine the specific differences. 
Significance was measured at the 5% level throughout. 
 

3 RESULTS AND DISCUSSION 

 
3.1 Validation of the analytical method 
The method was validated based on linearity, LOD, LOQ and 
%recoveries. The method showed good linearity in the 
concentration range assessed with the R

2
 values ranging from 

0.9989-1.000. The LOD ranged from 1.03x10
-3

 – 5.72x10
-2

 µg 
g

-1
, while the LOQ ranged from 0.01 – 0.5 g g

-1
 (Table 1).  The 

obtained LOD and LOQ results are low and they are all below 
the permissible limits for all the heavy metals analysed 
indicating good sensitivity of this method. The recovery tests 
results ranged from 90 – 113% which indicates high accuracy 
of the method (Table 2). These findings prove that this 
analytical method can be effectively used for continuous 
monitoring of these metals in the vegetables. 
 

TABLE 1: LOQ, LOD AND COEFFICIENT OF 
DETERMINATION (R

2
) FOR THE HEAVY METALS. 

 

Metals 
LOQ 
(µg g

-1
) 

LOD 
(µg g

-1
) 

R
2
 

As 0.3 1.03 x 10
-3

 0.9997 
Cd 0.02 2.92 x 10

-3
 0.9994 

Co 0.5 4.0 x 10
-2

 1.0000 
Cr 0.5 3.1 x 10

-2
 1.0000 

Cu 0.02 1.8 x10
-2
 0.9999 

Fe 0.05 2.13 x10
-2

 0.9992 
Mn 0.02 3.59 x10

-2
 0.9996 

Ni 0.5 1.02 x 10
-2

 0.9989 
Pb 0.01 5.72 x10

-2
 0.9989 

Zn 0.3 3.28 x 10
-2

 0.9999 
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TABLE 2: RECOVERY (%) OF AMADUMBE, POTATOES, SWEET POTATOES AND CARROT PLANT PARTS AND SOIL 

SAMPLES. 
 

 Recovery (%) 

Metals Amadumbe Potatoes 

 Soil roots stem skin edible leaves soil roots stem skin edible leaves 

As 100 110 92 94 96 99 95 99 91 95 94 99 

Cd 98 100 94 99 102 99 100 98 93 92 94 90 

Co 93 100 105 93 97 96 100 94 91 99 100 98 

Cr 100 100 105 94 98 100 100 102 95 91 95 101 

Cu 111 100 102 94 98 99 101 95 100 101 97 100 

Fe 95 93 91 93 95 99 96 100 102 100 97 100 

Mn 92 98 91 93 100 100 102 107 92 99 91 113 

Ni 99 94 100 99 102 100 92 100 101 103 100 94 

Pb 97 92 93 99 100 101 100 99 93 91 96 100 

Zn 101 100 94 96 100 100 96 90 93 91 112 98 

Metals Sweet potato Carrot 

As 112 93 92 97 98 100 109 105 113 96 91 101 

Cd 102 111 109 93 94 90 98 89 91 99 97 100 

Co 103 99 90 98 99 91 100 101 94 101 90 101 

Cr 98 99 90 100 101 109 97 93 91 99 119 99 

Cu 97 107 100 101 90 93 91 107 100 92 103 94 

Fe 97 101 99 90 98 106 89 91 90 110 100 92 

Mn 100 91 90 98 93 103 99 85 95 99 100 90 

Ni 97 101 98 90 93 91 99 101 100 100 104 99 

Pb 92 93 94 111 104 95 103 100 96 90 88 92 

Zn 95 91 91 109 91 95 96 91 99 100 95 92 

 
3.2 Concentration of heavy metals in soils 
Table 3 and 4 show detection levels of heavy metals 
contaminants in soil and translocation in four different parts of 
root vegetables. Higher concentrations of metals were 
observed in soil compared to different parts of the vegetables. 
Sweet potato soil had high As levels (30.3 µg g

-1
) while 

amadumbe (22.5 µg g
-1

) showed the least levels. However, As 
levels detected in all soil samples were higher that the MRL for 
soils. The Cd and Cr concentrations in all soil samples were 
above the allowable limits, while, Pb concentration in all soil 
samples was lower than MRL and its contents showed not to 
be statistically different in the vegetables (P<0.05).  The As, 
Cd, Cr and Pb are non-threshold toxins and exert toxic effect  
to soil and consumer at very low concentrations. They are 
regarded as the most problematic heavy metals and as toxic 
heavy metals [10]. Presence of these toxic heavy metals in soil 
medium could emanate from the continuous use of 
synthesized fertilizer and agrochemicals. They are used for 
greater crop yield and to supply both macronutrients and 
micronutrients however, they may have heavy metals in their 
composition in addition to the desirable elements [11].  
Moreover, studies show that some of the formulators of 
micronutrients and pesticides imports industrial waste from 
developed countries and using it as raw material for fertilizers 
and agrochemicals production [12, 13]. Sweet potatoes had 
high Ni concentration (41.5 µg g

-1
) where as amadumbe and 

carrot yielded lower concentration (24.5 µg g
-1

) and the MRL 
allowable for Ni in soil is 50 µg g

-1
. Study by Moyo et al. [14] 

reported 87.1 µg g
-1

 Ni in soil samples. Malan et al. [4] 
reported lower Ni concentration in both in winter (1.71 µg g

-1
) 

and in summer (3.13 µg g
-1

). All essential heavy metals 
detected in soil samples were below MRL. Sweet potatoes soil 
yielded high Zn content (200.9 µg g

-1
) while amadumbe soil 

yielded the lower content of 45.9 µg g
-1

. Amadumbe and carrot 
yielded high Mn content (275.3 µg g

-1
) while sweet potatoes 

yielded lower content of 121.5 µg g
-1

. Different absorption rate 

and intensity of heavy metals in soil is influenced by the 
physicochemical properties of the sampling site [15, 16]. Fe 
and Mn have high MRL in soil due to their importance for crops 
growth. Potatoes had high Fe content followed by amadumbe, 
sweet potatoes then carrots of 15649.9, 12022.0, 8591.4 and 
9552.8 µg g

-1
, respectively. This could be due to their critical 

role in metabolic processes such as DNA synthesis, 
respiration, and photosynthesis [17].  Mn is an essential 
cofactor for the oxygen-evolving complex (OEC) of the 
photosynthetic machinery, catalyzing the water-splitting 
reaction in photosystem II (PSII) [18]. 
 
3.3 Concentrations of metals in edible parts of root 
vegetables 
Sweet potato roots showed high uptake of toxic heavy metals 
with As (22.2 µg g

-1
), Cd (19.2 µg g

-1
) and Pb (21.6 µg g

-1
) 

compared to other vegetables studied, however carrot roots 
had higher Cr uptake of 30.8 µg g

-1
. Statistical analysis 

indicated that there is no significant difference in toxic heavy 
metals roots contents from all root vegetables (P<0.05). The 
high rate of the soil-root transfer in sweet potato may be due 
high mobility of the heavy metals in this crop [19]. Carrot stem 
showed high content of As (21.8 µg g

-1
), whereas amadumbe 

and carrot yielded high Cd content of 18.9 µg g
-1
. Carrot stem 

showed 26.7 µg g
-1

 Cr and sweet potato stem yielded 28.6 µg 
g

-1
. Toxic heavy metals in edible were higher than permissible 

levels this is due to their toxicity to the consumer, hence, 
narrow permissible concentrations. It was observed that 
translocation of heavy metals concentration differs in different 
crop tissues, and similar findings have been reported in 
literature [20]. In all four different vegetables studied, it was 
observed that vegetables skin have higher concentrations 
compared to the edible parts. This is due to skin or peels bio-
sorption properties [21] reducing heavy metals absorption by 
the edible part. Similar findings were observed by [22]. All 
nutritious heavy metals studied were detected in all 
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parameters studied. Zn concentration ranged between 20.9 to 
40.7 µg g

-1
 which were all not significantly different (P < 0.05) 

in edible parts of all vegetables studied, with sweet potatoes 
being the highest potato the lowest.  It was observed that 
sweet potato stem had high Zn.  Fe concentrations ranged 
between 53.9 to 307.7 µg g

-1
, with carrots being the lowest 

and amadumbe being the highest. Highest detected nutritious 
heavy metal was Fe in vegetable leaves compared to other 
parts. According to FAO/WHO [23, 24], it was observed that 
Co, Cu, Fe, Mn, Ni and Zn contents detected in vegetables 
parts were below permissible levels and hence these 
vegetables are safe for human consumption. The As 
concentrations ranged from 4.5 to 13.9 µg g

-1
 in the edible part 

with the highest concentration in sweet potato and lowest in 
potato. Cd concentrations ranged from 11.1 to 17.6 µg g

-1
 in 

edible part, with the highest concentration in potatoes and 
lowest in sweet potatoes. Cr concentrations ranged between 
11.4 to 16.8 µg g

-1 
in the edible part with the lowest in sweet 

potatoes and highest in carrots. Pb concentrations ranged 
from 9.5 to 19.6 µg g

-1
 in the edible part with the lowest 

concentration in potatoes and highest in sweet potatoes. 
According to FAO/WHO [23, 24], the concentrations of toxic 
heavy metals were higher than the allowable levels indicating 
that the vegetables may have health effect to the consumer. 
Even though these vegetables have higher concentrations of 
toxic heavy metals, they also showed higher amounts of 
nutrition and health promoting compounds [25]. 
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TABLE 3: CONCENTRATIONS OF METALS IN AMADUMBE AND POTATOES VEGETABLES 

 

Metal
s 

*
MPL (µg g

-1
 dry 

weight)  
Concentration (µg g

-1
 dry weight) 

  Soil 
Veget
ables 

Amadumbe Potatoes 

   Soil  roots stem skin edible leaves soil roots stem skin edible leaves 

As 20 - 22.5±0.5 16.6±1.1 10.4±3.2 14.5±0.4  11.8±1.1 21.7±1.6 25.8±0.8 15.4±5.4 12.7± 3.1 8.3±0.4 4.5±2.5 10.5±6.2 

Cd 3 0.10 19.1±2.5 18.8±1.7 18.9±0.3 18.5±2.5 16.4±0.7 18.9±2.6 19.8±0.0 18.7±0.5 19.0±1.9 19.0±2.8 17.6±1.9 18.5±2.2 

Co 50 50 22.8±3.0 19.4±0.9 19.5±2.8 19.4±1.8 9.8±0.1 10.4±1.1 19.8±4.5 18.4±1.0 19.1±5.3 19.5±2.4 11.5±1.9 19.4±2.7 

Cr 100 - 117.4±3.3 16.7±0.3 15.7±2.5 16.7±2.0 11.7±1.4 16.7±1.8 105.9±0.0 20.7±0.1 16.7±0.3 19.7±0.1 16.7±2.1 18.8±0.9 

Cu 100 73 42.9±1.4 13.3±1.0 3.9±3.5 3.31±0.5 1.4±1.2 0.5±3.2 32.6±2.3 10.6±2.7 7.9±2.5 7.7±3.6 5.3±1.9 8.5±2.6 

Fe 50000 425 12022.9±6.4 434.9±5.4 20.2±0.6 45.7±1.7 20.5±0.0 307.7±4.1 15649.6±6.5 582.8±3.8 46.2±2.9 36.6±2.5 20.2±1.0 289.8±0.0 

Mn 2000 500 275.5±2.5 24.7±1.0 21.7±0.5 26.7±1.4 8.9±6.3 25.4±2.7 179.4±1.1 22.5±2.6 21.6±3.5 23.7±0.1 14.7±0.9 20.9±1.5 

Ni 50 67 24.5±3.0 11.4±1.6 14.2±2.6 14.5±4.6 10.3±0.4 13.5±0.1 30.4±2.6 21.5±2.7 18.5±1.6 25.5±3.1 14.5±3.5 24.5±0.3 

Pb 100 0.30 21.6±2.6 11.9±0.1 11.3±0.2 13.5±1.2 10.6±4.1 11.6±0.0 32.6±0.5 18.6±1.3 17.4±2.9 11.6±1.8 9.5±3.2 10.4±1.0 

Zn 300 100 45.9±1.3 20.9±3.6 19.5±1.3 20.9±1.1 15.9±2.6 25.9±1.9 56.4±3.5 42.3±0.5 44.5±0.2 32.3±3.6 20.9±1.8 32.3±1.4 

P-
value 

  0.015 0.024  
0.012

  

0.021

  
0.031 0.023 0.024 0.043 0.018 0.022 0.014 0.033 

 

Table 4: Concentrations of metals in sweet potatoes and carrots vegetables 
 

Metals 
*
MPL (µg g

-1
 dry 

weight) 
Concentration (µg g

-1
 dry weight) 

 Soil 
Vegeta

bles 
 Sweet potato  Carrot  

   Soil roots stem skin edible leaves soil roots stem skin edible leaves 

As 20 - 30.3±1.4 27.7±1.8 16.7±3.6 16.5±0.2 13.9±0.5 15.3±3.5 23.5±1.3 13.5±2.6 21.8±3.6 19.4±1.3 9.2±1.1 16.9±1.9 

Cd 3 0.10 18.9±1.0 19.2±3.2 17.1±1.8 19.9±2.9 11.1±1.3 14.9±0.5 19.0±0.2 18.0±4.1 18.8±0.1 19.8±2.6 15.0±1.2 18.9±0.6 

Co 50 50 19.5±0.3 19.5±3.5 9.8±3.1 19.5±1.6 15.8±2.7 11.4±2.6 20.4±2.6 19.6±0.4 17.5±1.6 18.5±3.0 16.9±4.6 19.5±0.1 

Cr 100 - 100.6±1.5 18.7±0.9 16.8±0.1 16.7±3.5 11.4±2.6 17.7±1.1 103.3±05 30.8±6.3 26.7±1.0 21.7±2.5 16.8±1.7 26.7±2.7 

Cu 100 73 26.6±1.0 9.4±1.9 5.0±2.5 7.8±2.9 10.7±3.8 5.6±6.5 48.7±0.6 8.4±0.0 7.7±5.5 8.1±1.4 4.1±0.5 7.7±4.1 

Fe 50000 425 8591.4±2.6 211.8±2.1 20.5±3.6 60.7±2.5 20.5±2.7 151.4±2.3 9552.8±3.5 228.4±1.2 53.9±1.0 60.5±6.4 20.5±2.0 53.9±3.2 

Mn 2000 500 121.5±0.9 32.7±1.9 35.7±0.1 39.7±0.3 20.7±0.1 40.1±0.0 275.3±2.5 121.7±1.2 71.7±0.3 41.7±1.4 21.7±1.5 31.7±1.8 

Ni 50 67 41.5±2.7 10.5±1.9 14.5±2.4 16.4±5.3 12.5±1.0 23.5±4.5 24.5±3.8 20.5±1.4 18.5±0.9 16.5±3.3 14.5±2.5 20.5±1.1 

Pb 100 0.30 46.5±2.3 21.6±1.0 28.6±2.8 22.6±1.9 19.6±0.5 26.6±0.0 28.6±0.3 20.6±0.1 18.46±1.7 
19.46±2.

5 
11.6±20 18.6±2.6 

Zn 300 100 200.9±6.2 134.9±2.5 60.9±0.4 65.9±3.1 40.9±5.4 30.9±0.8 120.9±3.2 109.9±1.1 30.99±1.1 
42.99±0.

5 
20.9±0.4 30.9±1.6 

P-value   0.025 0.041 0.020 0.014 0.017 0.032 0.042 0.038 0.028 0.020 0.040 0.032 
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3.4 Bioaccumulation of heavy metals in root vegetables 
Table 5 represents the bioaccumulation factor that can be 
utilized to estimate the capacity of studied root vegetables to 
uptake heavy metals from the surrounding environment. The 
BF was calculated using the: 
 
Bioaccumulation factor (BF) =Cplant/Csoil             (1) 
 
Where Cplant and Csoil are the heavy metal concentrations (µg g

-

1
 dry weight) in plant and soil, respectively. 

 
Root vegetables with BF greater than one are suitable for 

phytoextraction of heavy metals [26]. Among all heavy metals 
studied, Cd showed higher BF rate, carrots yield high rate of 
0.97, while the lowest was sweet potatoes (0.61). The lowest 
BF<0.01 was observed in Fe in all root vegetables studied. In 
this study all root vegetables had BF<1. Crops considered as 
hyperaccumulator have ability to tolerate the metals and 
transfer them from roots to above ground parts of the crop 
species [27]. On the basis of BF values, amadumbe, sweet 
potatoes, carrots and potatoes cannot be considered as 
hyperaccumulators as these root vegetables had a BF <1 for 
the studied heavy metals. 

 
 

TABLE 5: BIOACCUMULATION FACTORS OF ROOT VEGETABLES FROM A SMALL SCALE 
FARM 

 

Sample 
name 

As Cd Co Cr Cu Fe Mn Ni Pb Zn 

Amadumbe 0.52 0.85 0.43 0.10 0.03 0.001 0.03 0.42 0.48 0.34 

Sweet 
potatoes 

0.46 0.61 0.77 0.11 0.39 0.002 0.17 0.30 0.24 0.20 

Potatoes 0.17 0.92 0.57 0.15 0.16 0.001 0.08 0.47 0.29 0.37 

Carrots 0.39 0.78 0.81 0.16 0.08 0.02 0.07 0.59 0.40 0.17 

 
 

4. CONCLUSIONS 

The obtained low LOD and LOQ with high %recoveries 
indicated good sensitivity and accuracy of the method. Toxic 
metals were found in higher concentrations than permissible 
limits in soil and edible parts while nutritious metals were all 
within limits. The concentrations in all vegetables showed to 
depend on the concentrations of the heavy metal in the soils in 
which the plants were grown. Fe was easily mobilized from 
soils to plants and tended to accumulate in the plant roots and 
leaves. The observed concentrations suggest possible human 
health effect upon consumption of these root vegetables. 
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