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Abstract

BaiaMareisamining and metallurgical centrein North-west Romania producing lead and copper for over 150 years. Thelead smelter islocated in
Ferneziu district in arelative densely populated area. We collected 11 soil samples around the lead smelter and also 44 vegetable samples of 8
vegetable species commonly grown in gardensin Ferneziu district. The contents of trace elements (As, Pb, Cd, Zn, Cu, Ni, Mn and Co) in soil and
vegetables were analyzed by inductively coupled plasma atomic emission spectrometry. The average contents of As and heavy metalsin the edible
part of vegetable sampleswere: As1.21; Pb 29.21; Cd 1.23; Zn 82.72; Cu 10.4; Ni 0.44; Mn 18.88 and Co 0.18 mg kg dry weight (DW) whilein
the soil samples they were: 143.45; 3058.82; 6.28; 976.82; 607.82; 4.20; 1239.27 and 4.63 mg kg* DW. Pollution indexes were used in order to
characterize the overall degree of soil and vegetable contamination with As and heavy metals. Pb isthe prevalent pollutant element both in soil and
vegetables but also important pollutants were Cd, As, Zn and Cu, while Co, Mn and Ni do not present any hazard due to their presencein soil orin
plants. Transfer factors (TF) were calculated and they decrease in the following order: Cd > Ni > Zn > Co > Cu > Mn > Pb=As. The high values of
Cd TF for some vegetables like carrot, parsley and dill are of big concern. The consumption of the vegetables grown in Ferneziu area posesrisk on
the health of residents especially for vegetables having high values of TF or high concentration of pollutant elements (Cd, Pb, Zn and As) in the soil

intheir gardens.
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Introduction
SoilsinBaiaMareareawere affected for along timeby themining
and metd lurgical activitiesrel ated to the extraction and production
of the non-ferrous metals 5. Two metallurgical plants producing
primary lead and the other secondary copper used to work for
over 150 years(thelast one being closed in 2008) and large amounts
of powders containing heavy metalsand Aswere emitted through
thedispersion stacks. The presence of relative high concentrations
of Asand non-ferrousmetalslike Pb, Cd, Cuand Zninthesoil in
the entire town of BaiaMare is a consequence of the dispersion
of powders containing heavy metals emitted through these
industrial stacks?2®.

Thetown of BaiaMareislocated in the valley of Sasar River
being bordered by mountains in northern, north-eastern and
eastern sides. The dominant direction of the wind is east and
north-east following the flow direction of Sasar River. The two
polluting plants are located upstream the town and the dust is
spread over thetown . Consequently the soil in BaiaMaretown
contains significant amounts of heavy metals and arsenic too.

The presence of As, Pb and Cd in the environment is of great
concern, particularly due to their highly toxic effect to humans
and also to other living organisms. These elements are taken up
by plants and enter in the food chain. Consequently, the heavy
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metal contents in fruit, vegetables and other food products like
bee honey in Baia Mare area are several times higher than in
unpolluted areas™’.

Other metals and trace elements (microelements) such as Cu,
Zn, Ni, Mnand Co are essential for plantsand humansbut inlarge
guantitiesthey becometoxic.

Metalstransfer from soil to plantsisthe main way for humans
exposureto the contamination of the soil 8. Vegetablestake these
elements up and accumulate them in their tissues. Therefore,
knowing the characteristics of thetransfer of trace elementsfrom
soil to plantsisvery important °. The estimation of transfer factors
(TF) was carried out in numerous studies and research papers,
being presented also under other names such as ‘ Soil-Plants
Partition Coefficients', ‘ Ratio of Concentration’ or ‘Biological
Accumulation Coefficient’. The equation for the TF' scalculation
isthe same whatever isthe intended purposein research 8 1014

TF = Element concentration in plant, dry weight (mg kg*) /
Element concentration in soil, dry weight (mg kg?)

Thetransfer factorsdepend on several parametersand differ from
one location to another and from one plant species to another.
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The difference between the transfer factorsin different locations
can be related to the management of the soil nutrients and to the
agro-chemical proprieties of soil including pH, organic matter and
clay contents, loss of ignition and cationic exchange capacity &5

Previous studies have already reported pollution of soil and
vegetables around thelead plant in BaiaMare city, but until now
no complex study about the multi-element soil and vegetables
pollution was performed and no transfer factors of elementsfrom
soil to different species of vegetables were not cal culated.

This paper aimsto investigate the pollution degree of soil and
some vegetables (carrot, onion, garlic, kohlrabi stem and leaves,
dill, pardey leaves, lettuce and green beans) in Ferneziu district,
around the metallurgical |ead processing plant. The concentrations
of arsenic and heavy metal sin soil and vegetableswere determined
and the corresponding soil-plant transfer factorswere cal cul ated.

Materialsand Methods

Sudy area: Ferneziu district was chosen as study areaduetoits
close proximity to the metallurgical plant producing lead, named
Romplumb. Ferneziu district islocated in the north-eastern part of
BaiaMarecity (Fig. 1), around thelead smelter Romplumb operating
since 1844 and includes afew dozen houses and several buildings
surrounded by gardens, trees and meadows, aligned along the
Firizavalley. Few thousands of people (approx. 3000) arelivingin
Ferneziu district, exposed to lead contamination and also to As
and other heavy metalslike Cd, Cuand Zn, originating generally
fromair and soil pollution 6.

The stack of the plant is 120 m height and was the main source
for the air and soil pollution in Ferneziu district. On the other
hand, a non-ferrous mine is located near Ferneziu district being
also asource of arsenic and heavy metals that contributes to the
soil pollution, even if the mine is closed since 2007. Before
Romania s accession to the European Union in 2007 January 18,
theplantin BaiaMaredid not meet the EU environmental directives
requirementsand pollutants such as sulphur dioxide and powders
containing heavy metals (especially Pb and Cd; but also As, Zn
and Cu) were almost totally emitted through the dispersion stack
and as fugitive emissions. Nowadays Romplumb is producing
every year about 6000 tons of copper free primary lead, the plant
was modernized and the gases and powder emissions are within
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Studiesalready carried out on soil pollutionlevel within Ferneziu
district revealed high concentrations of Pb, As, Cu, Cdand Zn 21
18 especially near the lead smelter, with values for As in soil
exceeding until 4 times 8, for Cd 10-24 times " and for Pb more
than 70 timesthe intervention threshold values ¢, asthey are set
up by the Romanian legidlation.

Soil and plantssampling: A random soil sampling had been taken
during August 2010 from the top soil (depth of 0to 10 cm) aimed
to cover theentire areaof Ferneziu district. The soil samples (11
sampling points) were collected from several locationsin gardens
inthevicinity of thelead smelter (Fig. 1). For each sampling area
the coordinates (latitude and longitude) were registered with

Geographical Positioning System (GPS).

At the same time, vegetables species have been collected,
growing in the locations from where the soil samples had been
drawn. These vegetables are commonly grown in the garden of
theresidents. In each sampling area, 1-5 vegetable species were
collected.

The sampled vegetables have different edible parts, roots of
carrot (Daucus carota), bulbs of onion (Alliumcepal..) and garlic
(AlliumsativumL.), stemsof kohlrabi (Brassicaoleracea), leaves
of dill (Anethum graveolens), parsley (Petroselinum crispum),
kohlrabi and lettuce (Lactuca sativa) and green beans (Phaseolus
wvulgaris).

The soil samples were prepared in laboratory for the
determination of microelements content. The samples were
crushed and dried at room temperature for 48 hours and passed
through a2 mm sieve. A portion of 2.5 g wastaken and subjected
to mineralization with aquaregiaand hydrogen peroxide according
t01S011466:1999.

About 500 g of each plant speciesin each sampling locations
was collected, put in clean plastic bags and transported to the
laboratory. The plant samples were washed with tap water and
then with distilled water in order to remove the dust. The non-
edible parts of the vegetables were removed. The vegetable
samples were oven dried at 80°C to constant weight. The dried
samples were ground and a portion of 1.0 g was subjected to
extraction with aguaregiaand hydrogen peroxide following the
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Figure 1. Location of Baia Mare city and Ferneziu district. The distribution of sampling

pointsin Ferneziu district.
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method from | SO 11466:1999. Blank extractionswith quartz sand
were carried out for each set of analyses.

Soil extract pH determination: The pH measurement of the
agueous suspension 1:5 (weight/volume) of the <2 mm fraction of
the soil sampleswas performed using the Consort 2000 pH-meter
equipped with a combined pH electrode. Soil suspension was
shaken for 2 hours before the pH measurement.

Arsenic and heavy metals determination: The determination of
arsenic and heavy metalsin soil and plant samples was carried
out by inductively coupled plasmaatomic emission spectrometry
| CP-AES, with the spectrometer Optima5300 DV (Perkin Elmer),
with simultaneous detection and axial and radia dual vision. The
quantification limitsfor soil (inmgkg?! DW) were: As0.4, Cu0.5,
Zn0.5,Cd0.4, Pb 0.3, Ni 0.4, Co 0.4, whilein the case of plantsthey
ranged between 0.03 and 0.05 mg kg DW. The reagents used,
concentrated nitric acid, concentrated hydrochloric acid and 30%
hydrogen peroxidefrom Merck (Germany), wereof analytical grade.
For dilution, ultra pure water obtained through a Direct Q3
Millipore system was used. Thecalibration was made using mono-
elemental standards of 1000 pg mL* (Merck, Germany). The
calibration solutions were prepared by dilutions with 2% HNO,
(viv). All dilutionswere madewith 2% (v/v) HNO,. A certified soil
material CRM (SRM 2709, San Joaquin Soil, NIST) was used to
evaluate the accuracy of the extraction procedures.

Resultsand Discussion

Soil and plantscontamination with traceelements: Theaverage
concentrations of the studied trace el ementsin soil and vegetable
sampl es collected around the lead plant Romplumb are presented
inTable 1. Arsenic and heavy metal concentrationsin edible part
of vegetables grown around Romplumb decreased in the order:
Pb>2Zn>Mn> Cu>Cd>As> Ni > Co, very similar with the
average concentrationsin soil samples.

The average content of As, Pb, Cd and Zn in the edible part of
thevegetablesin Ferneziu areais 2.4 times, 9.7 times, 2.5timesand
1.7 times higher than the maximum allowable limit in the
dehydrated vegetables and fruits used as food according to the
Romanian legidation whilefor Cu, the average content iscloseto
themaximum allowablelimit. Theaverage contentsof Ni, Mnand
Coinvegetablesaresignificantly smaller thanthecritical level of
thetoxicity asindicated in theliterature 22,

In order to characterize the overall degree of soil and vegetable
pollution in the studied area, pollution indexes were used 22,
The soil pollution or the plant pollution index definestheloading
degreewith microelements of sitesor plantsthat aregrowingona

specific areain comparison to their maximum allowablelevels(in
our case the alert threshold vaue for soil and the maximum
allowable limit for dehydrated vegetables and fruitsas givenin
the Romanian legidlation).

Sail pollutionindex (PI,) wascal cul ated for each €l ement (arsenic
and heavy metals) in the studied areaaccording to Eq. 1:

1 G
Plg _EZCA 1100 )
where misthenumber of sampling points, C, isthe specific element
concentration, C, is the alert threshold value for the element’s
content in soil in accordance with the Romanian legislation using
the sensitiveland-use areaassumption (residential and agricultural
areas).

In the same way the plant pollution index (Pl,) was also
calculated, where the reference value is the maximum allowable
limit set up by the Romanian legidlation for dehydrated vegetables
and fruitsor the critical valuementioned in theliterature. The soil
and plants pollution indexes cal culated for arsenic and the studied
heavy metalsin theinvestigated areaare shownin Table 2.

The pollution indexes for soil decreases asfollows; Pb >As>
Cu>Zn>Cd. Thepallutionindexesfor Co, Mnand Ni aresmaller
than 100 and these metals do not present any hazard by their
presence in soil. As it was expected, due to the activity of
Romplumb plant, Pb hasthe highest pollutionindex, about 6 times
higher than theAsindex whichisthe next e ement intheevauation
list. The pollution indexes for plants decreased in the following
order: Pb>Cd>As>Zn > Cu. Asexpected in comparison with the
soil pollution indexes, Pb has once again the highest pollution
index, about 4 times higher than Cd and Aswhich are approximately
similar and being the next onesclassifiedintheevaluation list. A
surprising result wasthat of Cd whose soil pollutionindex issmall
compared to the other elements, while for plants the pollution
index ishigh, closeafter Pb pollutionindex. Thiscould be explained
by the high mohbility of Cd from soil to plantsalready reportedin
the literature, recently by Zheng °, Chojnacka *° and Soudek 2.
We calculated also the plant pollution index for each of the
vegetable species collected in Ferneziu areain order to quantify
their overall contamination with arsenic and heavy metals. The
indexes for the sampled vegetables ranged between 4.49 (green
beans) and 31.87 (dill). Thepollutionindexesfor the studied species
of vegetables decreased in the following order: dill > parsley >
kohlrabi leaves> carrot > |ettuce > kohlrabi stems> onion > garlic
> green beans.

Table 1. Arsenic and heavy metals: average content and range of valuesin vegetablesand soil in Ferneziu district.

As Pb Cd Zn Cu Ni Mn Co
: 121 2921 123 82.72 10.4 0.44 18.88 0.18
Vegetable (edible part), 594 (08340)  (0.07-  (153-305) (0.8~ (0.08- (24-117)  (0.03-
mg-kg” DW 14.3) 84.8) 1.4) 0.52)
14345 3058.82 6.28 97682 60782 420 123927 463
Soil, mg-kg! DW (54-413)  (797-  (12-13.8)  (376- (171- (1.1- (872- (1.0-
10200) 2130) 2130) 6.2) 1600) 12.0)
MAL®, mg-kg' DW 0.5 3 0.5 50 10 107 500 2 67!
ATVE, mg-kg! DW 15 50 3 300 100 75 1500 30

“Dry weight.

"Maximum allowable limit in dehydrated vegetables and fruits (food), Romanian legislation.
cAlert threshold value in residential soils, Romanian legisation.

dAverage (min-max).
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Table2. Pollutionindexesin soil and plantsin Ferneziu district.

Element As Pb Cd Zn Cu Ni Mn Co
Plg 960 6120 210 330 610 10 80 20
Pl 240 970 250 170 100 4 4 3

Arsenic and heavy metal contentsin plants. One of the objectives
of this study wasto find the vegetabl e species with high content
of arsenic or/and heavy metals based on the fact that the uptake
of these microelements is different from one species to another.
The average content of microelements in the vegetable species
variesinlargeranges (Fig. 2) depending also on their contentsin
soil. The content of Asin all the vegetable samples exceeded the
maximum allowablelimit, except in green beans. High As contents
werefoundinlettuce, dill and pardey (leafy vegetables). Cd content
exceeded the maximum allowable limit in the case of 5 species:
kohlrabi leaves, carrot, lettuce, dill, pardey and lettuce. Coand Ni
contentsin vegetabl es were bel ow the maximum allowable limit
being closeto the valuesfound by Bordean % in vegetablesgrown
inunpolluted areas. Also Mn contentsin vegetableswere generally
inthe normal range . Cu contentsin vegetables ranged between
2.97mgkg* DW for garlicand 21.2 mg kg DW for dill, exceeding
themaximum allowablelimit inkohlrabi (both leavesand stems),

pardey, dill andlettucefor 1.2-2.1 times. Alsothe content of Znin
these species of vegetables and in addition in carrot exceeded
1.6-2.9 timesthe maximum allowablelimit. Asregarding Pb, the
contamination of the vegetables was much more severe: al the
vegetable sampl es exceeded the maximum alowablelimit for 1.4
(green beans) until 21.8 times (dill). High contents of Pb were
found in dill, parsley leaves, |ettuce, kohlrabi leaves and carrot.
Green beans are distinguished by arelative low content of all the
investigated microelements, probably because the plant samples
were harvested before the physiological maturity and itisknown
that the bioaccumul ation increases with the exposure time °24,

Soail to plant transfer factors(TF) for Asand heavy metals: Soil
to plants TF for the microel ementswere cal culated as an average
TF for each of theinvestigated vegetable species and also as an
average TF valuefor all the vegetable samples(Table 3).

The TF values for vegetables varied significantly for one
vegetable species to other but as a common trend TF values
decreased with theincreasing of respectivetotal metal contentin
soil indicating aninverserelationship. Such inverserelationships
were reported by Wang for vegetables ¢ and by Khan for food
crops?. TF (asaveragevaluefor all the samples) decreasesinthe

following order: Cd > Ni >Zn> Co > Cu > Mn >
Pb=As. The highest TF values were found for Cd
which isknown for its high mobility reflecting its

relatively poor sorptionin soil &°2,

Among the investigated vegetables, the highest
TFsfor Cd were found for carrot (0.375) and the
lowest one for lettuce (0.066). High values for Cd
TF sweredetermined for leafy vegetables: kohlrabi
leaves(0.291), pardey leaves (0.258) and dill (0.239),
inoppositiontoonion (0.103) and garlic (0.106). High
values of TF were also found for Zn: the highest
valusfor kohlrabi stem (0.257) and leaves (0.209)
and also for parsley (0.188). The lowest TF was

i found for green beans (0.043). Pb TF valuesranged

from 0.001 for green beansto 0.024 for parsley and
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Figure2. Arsenic and heavy metal contentsin vegetables speciesgrown in Ferneziu
area: 1 lettuce; 2 dill; 3 pardey (leaves); 4 carrot; 5 garlic; 6 kohlrabi (leaves); 7

kohlrabi (stems); 8 onion; 9 green beans.

werelower than those of all the other investigated
metals as it was shown also by Cui 8 and Zheng °.
High Pb TFwasfound also for dill.

TF for Aswere similar to Pb TF but the higher
valueswere found for lettuce (0.013), parsley, dill,
carrot and garlic (0.012). Thelowest uptaketendency
for Aswasfound in green beans (0.004).

Table 3. Average transfer factors of Asand heavy metalsfor different species of vegetablesin Ferneziu area.

Element/Vegetable As cd Co Cu Pb Mn Ni Zn
species

Carrot (8) * 0.012 0.375 0.057 0.015 0.008 0.009 0.147 0.088
Green beans (5) 0.004 0.141 0.055 0.015 0.001 0.011 0.123 0.043
Garlic (5) 0.012 0.106 0.032 0.007 0.002 0.005 0.076 0.075
Onion (5) 0.008 0.103 0.027 0.012 0.002 0,008 0.080 0.076
Parsley, leaves (6) 0.012 0.258 0.082 0.039 0.024 0.042 0.236 0.188
Dill (6) 0.012 0.239 0.053 0.043 0.021 0.022 0.212 0.095
Kohlrabi, leaves (3) 0.006 0.291 0.048 0.025 0.005 0.015 0.134 0.209
Kohlrabi, stems (3) 0.007 0.278 0.029 0.033 0.005 0.01 0.257 0.257
Lettuce (3) 0.013 0.066 0.062 0.029 0.009 0.015 0.036 0.050
Average value for all the 0.010 0.226 0.052 0.023 0.010 0.016 0.150 0.108
species sampled in (0.002- (0.02- (0.017- (0.003- (0.0007-  (0.0017- (0.035- (0.023-
Ferneziu area (44) 0.031) ** 0.764) 0.230) 0.116) 0.103) 0.104) 0.455) 0.556)

*Number of samples.
**Range of values for al the samples.
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Heavy metal contentsin leafy vegetables were higher than in
the other sorts of vegetablesin almost al the samples. This can
be explained by the atmospheric deposition of dust containing
heavy metals and their uptake through the leaf blades. This
particularity was mentioned by Zheng ® and thereforethe TF values
may be higher than the factual TF values.

Correlation analysis: Pearson’s correlation analysis was
performed using Statgraphics program. Pearson’s correlation
analysis was applied to As and heavy metal contentsin soil and
also to the pH of the soil extract in water (Table 4). The average
value of soil pH for the sampling points was 7.1 varying in the
rangefrom5.4t08.1.

Significantly positive correlation between Pb, Cd, Zn, Cu and
Aswas noticed, showing their common source: the emissions of
dust from the metallurgical plant. Negative correlation between
soil pH and heavy metal contentsin soil were found asaresult of
the acidification tendency of soil due to the heavy metal
contamination 2,

Thecorrelation analysiswas applied also to TF valuesin order
to investigate the possible synergism of the studied elements
related to thetransl ocation from soil to plants (Table5). Pearson’s
correlation analysis showed significantly positive correlation for
TFCuand TFPb (0.881), TF Cuand TF Zn (0.602) and alsofor TF
Pb and TF Zn (0.47) showing the similarity of these metals
concerning their bioavailability to the vegetables in the
investigated area. We observed ahigh positive correl ation between
TFMnand TF Cu, TF Zn and TF Pb suggesting that the plants
uptake of these metalsisinfluenced by the uptake of Mn. It is
known that iron and manganese oxidesareimportant in controlling
soil solution concentrations of Asand heavy metals. A fraction of
heavy metal contents in soil is bound to Mn and Fe hydrous
oxidesand is not availableto plants. The Mn and Fe oxides play
animportant rolein controlling soil and soil solution concentration
of heavy metals 1> % and also the dissolution of Mn ions that
becomeavailableto plants.

Clugter analysisof TF: Tofurther explorethe correlation between
the studied metals in sail, cluster analysis was also performed.

The cluster analysiswas carried out with the Statgraphics program,
based on Ward's method in which the similarity criterion is the
squared Euclidean distance. Euclidean distance providesameasure
of the similarities between samples. The distance of coefficients
express the degree of similarity as distance in multidimensional

space and thus, as the distance value decreases, the similarity

increases *°. The logarithm values were used for TF in order to
make the variable normal. The cluster analysisfor the TF for As
and heavy metalsis shown by the dendrogramin Fig. 3.

The general shape of the dendrogram suggests grouping the
transfer factors of the elementsinto two groups (at a distance of
110), each of them being composed of 4 elements. Thefirst group
contains As and the association of Cu and Mn and Pb. All these
elements have as common feature a low bioavailability and
relatively high contents in soilsin the studied area. Cu and Mn
aremore similar than the other elements of thefirst group because
both elementsare al so plant micronutrients.

The second group contains also 4 elements: Cd and Ni very
closdly linked to Zn and Co. Theseelementshave ahigher mohility,
mostly Cd but also Znand Ni.

The cluster analysis was also applied to the average values of
TFfor theinvestigated vegetables (Fig. 4). The dendrogram shows
2 mixed clusters of the vegetables concerning their heavy metals
and As absorption from soil. Thefirst group contains vegetables
with high TF; carrot, kohlrabi leaf and stems (closely linked) and
the leafy vegetables parsley and dill. The second group contains
vegetables with lower TF factors. green beans, garlic and onion
(very closely linked) and lettuce. Cluster analysis confirmed the
vegetables classification based on plants pollution indexeswhere
the highest indexeswerefound for dill and pardey (withthe closest
distance in the dendrogram), and in opposition the vegetables
with the lowest pollution indexes were garlic, onion and green
beans.

Table4. Pearson’s correlation coefficient matrix between elementsin soil and soil

pH (N =11).
As Pb Cd Zn Cu Ni Mn pH

As 1 06100 0711 0.814° 0625 0458  0.030 -0.034 -0311
Pb 1 0.914° 0.878° 0.992°  0.543  0.428 0455  -0418
cd 1 0918 0.897° 0319 0420 0.179  -0.359
Zn 1 0.861° 0514 0453 0.089  -0.264
Cu 1 0.597 0386 0.462  -0.400
Ni 1 0318  0.512 0.033
Mn 1 0.179 0.197
Co -0.131
pH 1

*P<0.01; **P<0.05.

Table5. Correlation coefficientsbetween TF sfor dl the studied elements(N = 44).

TF of TFAs TFPb TFCd TFZn TFCu TFNi TFMn TFCo
element
TF As 1 0.091 0221 -0,110  0.050 0.072 0.065 0.055
TF Pb 1 0284 0470 0.881°  0.201 0913 0275
TF Cd 1 0.291 0.273 0.073 0251  -0.203
TF Zn 1 0.602° 03477  0.629°  -0,077
TF Cu 1 0.446"  0.877°  0.326"
TF Ni 1 0.288  0.545"
TF Mn 1 0,352
TF Co 1
*P<0.01; **P<0.05.
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Figure3. Cluster analysisfor transfer factors
inFerneziu district.

Conclusions

The soil and vegetables contents of microel ements were studied
in Ferneziu areaaround the lead plant. The overall degree of soil

and vegetables pollution in Ferneziu was assessed using pollution
indexes. Complex soil pollution with prevalence of Pb and

contributions of As, Cu, Zn and Cd was found. The pollution

indexesfor plants showed that Pb isthe main pollutant followed
by Cd, As, Zn and Cu. The contents of these microelementsin
vegetables areinfluenced by their contentsin soil and also by the
vegetable species. Thetraceability of microelementsin vegetables
was studied using the soil to plant transfer factorsthat decreased
inthefollowing order: Cd>Ni >Zn>Co>Cu>Mn>Pb=As. The
TF of the leafy vegetables (parsey leaves, kohlrabi leaves and
dill) were generally higher than those of bulb vegetables (onion,
garlic) or green beans.

In order to reduce human health risk based on the high content
of Pb, As, Cd and Zn in vegetables grown in Ferneziu area, the
residents should avoid growing and consuming them especially
those having high TF valueslike pardey, dill, kohlrabi and carrot.
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