This article was downloaded by:

On: 17 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

-"'""""‘-'f "’-'{ | International Journal of Environmental Analytical Chemistry

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

ENVIRONMENTAL o . . . .
ANALYTICAL Determination of Heavy Metals in Soil Extracts and Plant Tissues at
CHEMISTRY Around of a Zinc Smelter
FTREAE | Serife Tokaliolu®; Senol Kartal®; Alfer A. Giines®
Bt vt Bkt - peeiases | * Exciyes University, Faculty of Arts and Sciences, Kayseri, Turkey ® Department of Chemistry, Erciyes
Ermvronmantisl snd Cheicsd Ansbysis
University, Institute of Sciences, Kayseri, Turkey

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Tokaliolu, Serife , Kartal, Senol and Glines, Alfer A.(2001) 'Determination of Heavy Metals in Soil
Extracts and Plant Tissues at Around of a Zinc Smelter', International Journal of Environmental Analytical Chemistry,
80: 3, 201 — 217

To link to this Article: DOI: 10.1080/03067310108044370
URL: http://dx.doi.org/10.1080/03067310108044370

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067310108044370
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16:18 17 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., Vol. 80(3), pp. 201-217 © 2001 OPA (O Publishers Association)
Reprints available directly from the publisher Amsterdam N.V. Published by license
Photocopying permitted by license only under the Gordon and Breach Science Publishers imprint,

a member of the Taylor and Francis Group.

DETERMINATION OF HEAVY METALS IN SOIL
EXTRACTS AND PLANT TISSUES AT AROUND
OF A ZINC SMELTER

SERIFE TOKALIOGLU?, SENOL KARTAL®" and ALFER A. GUNES?

%Erciyes University, Faculty of Arts and Sciences and bErciyes University, Institute of Sci-
ences, Department of Chemistry, TR-38039, Kayseri, Turkey

(Received 26 July 2000; In final form 20 December 2000)

Extractable contents of heavy metals such as Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb and Bi in soil and
plant tissue samples (fruit, leaf, twig and root) collected, along a distance of 1100 m to the West, from
the surroundings of a metallurgical factory producing mainly zinc, cadmium and lead were deter-
mined by flame atomic absorption spectrometry (FAAS). In addition, the determinations of Ca and
Mg, macro nutrient elements for plants, were also performed. Three extractant solutions were used
for dissolution of soil samples, namely aqua regia (1 HNO3+ 3 HCI) for total metal analysis, 1 mol
L~! ammonium acetate for exchangeable metal contents, and a dilute acid mixture (0.1 M HCl in
0.025 M H,S80y) for acid soluble metal contents. A mixture of HNO; and HCIO, was used to analyze
the fruit samples. The analyses of the leaf, the twig, and the root tissue samples were made by dry
ashing method. The detection limits of the metals were in the range of 0.04 to 0.45 pg/mL for all soil
extracts and 0.01 to 1.50 pg/mL for the fruit samples. The recovery values for all the determinations
were higher than 95 %. The results obtained from the analyses of plant tissue and soil samples were
evaluated using linear correlation analysis and concentration factors to identify the effect of the fac-
tory near the grape-vine area.

Keywords: Soil extracts; plant tissues; toxic heavy metals; concentration factor; flame atomic
absorption spectrometry

INTRODUCTION

The sources of heavy metal pollution in soils and surface waters are mainly
raised from industrial, traffic and municipal wastes such as solid, liquid and gas-
eous ones. Soil is both a principal source of trace elements entering the food
chain and a major sink for pollutant elements.!!! Both the inhalation of the dusts
originated from soils and the intake of toxic metals-dust polluted being taken up
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by the plants have serious effects on the food-chain. The importance in the food
chain of these toxic metals is due especially to the easy uptake by plants and their
accumulation.23] The heavy metals arsenic, cadmium, chromium, cobalt, cop-
per, lead, mercury, molybdenum, nickel, selenium and zinc are the most hazard-
ous of these substances. Although may of these heavy metals are needed in small
quantities by plants and animals, they may enter soils in great enough quantities
to pose risks to the health of plants, animals, and humans. Heavy metals are per-
sistent, and their negative effects in soil are long-lasting. Some non-essential
toxic elements, especially Cd, Hg and Pb, have toxic effects on living organisms
even at very low concentrations.!*] Therefore, today, all of these are crucial envi-
ronmental problems and they may also be kept of importance in the future. Soils
consist of heterogeneous mixtures of organic and inorganic substances, and the
binding mechanisms for metals vary with the composition of the soil. The eco-
logical effects of heavy metals in soil are closely related to the species distribu-
tion in the solid and liquid phases of the soil. Chemical extractions of soils
indicate a complicated relationship with the availability of particulate-associated
forms of trace metals to flora and fauna. This is probably due to the effect of
competition between adsorption sites in the solid substrate and selective mecha-
nisms of metal uptake by the different organisms.!!

In plant nutrition, it is important to determine the metal levels which can be
taken up by the plant rather than their total concentrations. In another way, even
though any metal occurs in excess amount in soil if the metal cannot be taken up
by the plant, this is no importance in the point of the plant. It is well known that a
proportional relationship is obviously between the metal concentrations appro-
priate for taking up by the plant and their levels that can be passed into soil
extracts.[67

Up to now, different methods including various acids and/or acid mixtures
have widely been used for the determination of toxic heavy metals in soils!®
12land plant tissues.['3-16] Five mineral acids (hydrofluoric, perchloric, sulfuric,
nitric and hydrochloric), either separately or in a combination have been used for
the simultaneous extraction of a large number of metals in soils. Such total metal
contents only give a very approximate estimation of the plant-available trace ele-
ment status of a soil. However, it is known that the environmental behavior of
trace elements depends not only on the total amounts but also on their chemical
forms.[3) For this purpose, to assess the reactivity of species or binding forms of
heavy metals in solid materials, extraction procedures have been applied, both as
single leaching steps and combined in sequential extraction schemes.[17-21) The
aim of this study was (a) to investigate the metal levels in the soil and the plant
tissue samples with respect to the distance from the factory (smelter); (b) to
assess the relationship between metal concentrations found for these samples. In
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the analysis of soil samples, three extractant solutions including ammonium ace-
tate, a dilute acid mixture, and aqua regia were used. In the extraction method
with ammonium acetate reagent, the extractable metal ions (mobile or
plant-available contents) were introduced into solution by means of ion
exchange. An aqua regia digestion is used for the determination of pseudo-total
concentrations of heavy or toxic metal accumulations in soils.[!) The fruit sam-
ples were dissolved by wet digestion and the other plant tissues by dry ashing.m]
The determination of heavy metals in soils and plant tissues (fruit, leaf, twig, and
root) was performed by flame atomic absorption spectrometry.

EXPERIMENTAL

Instrumentation and reagents

The determinations of metals in the soil and plant tissue samples were carried out
by a Perkin Elmer Model 3110 flame atomic absorption spectrometer equipped
with an air/acetylene burner. Hollow cathode lamps (Cr, Mn, Fe, Co, Ni, Cu, Zn,
Cd, Pb, Bi, Mg and Ca) were used as radiation source. The measurements were
performed under the operating conditions suggested in the data processor of the
manufacturer.'?2]

High purity reagents and doubly-distilled deionized water were used for all the
experiments. Standard stock solutions containing 1000 pg/mL of each metal in
0.5 M HNO; were prepared from nitrate salts for Cr, Mn, Co, Ni, Cd, Pb, Bi, Mg,
and Ca, and from pure metal powders for Fe, Cu, and Zn. Working standards for
calibration were prepared from the stock solutions by diluting prior to use. Solu-
tions of 1 M HNOj3, 0.1 M HCl in 0.025 M H;S0,4 and 1 M CH3;COONH, (pH 7)
were prepared in bidistilled water. A Clifton shaker, end-over-end type, and an
electrical heater were used throughout all the experiments.

Collection and preparation of samples

Soil and plant samples were collected from different locations along 1100 m
from the factory towards the West (Figure 1). Since plants take up lots of nutrient
elements and micronutrients required from a depth of 15-20 cm by their roots,
the soil samples were taken from this depth by a tool made of 18-10 Cr-Ni stain-
less steel. Also, the plant tissue samples were collected from the same points in
which the soil samples were taken.
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Sampling

Coordinates :
/ 38%05'-38°40' N

,/ 35%00'-35%35' E

1/700 000

FIGURE 1 Map of Kayseri province and sampling area

To investigate the soil pollution level in view of heavy metals, control soil
samples were collected from the Mountain of Alidagi, about 25 km South-East
part of the City (Kayseri), and control fruit samples were taken from Urgiip,
approximately 60 km from the City towards the West. All the samples were put
into polyethylene bags washed with tap water, 1:1 HNOj and distilled water,
respectively.

Once in the laboratory, the soil samples were dried at 110°C in an electrical
oven, ground with an agate mortar, and then passed through a sieve to separate
the fractions of particle size less than 200 mesh. All the plant tissue samples
(fruit, leaf, twig and root) were washed with distilled water and then dried in an
oven at 80°C. The fruit and leaf samples were ground in an agate mortar. The
twig and root samples were cut very finely by an unused surgeon knife sterilized.
All the samples prepared were preserved in polyethylene bags until the analysis.
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Description of the zinc smelter

In the zinc plant, about 170000 tonnes of zinc ore per year is processed as metal
carbonate or oxide. Particulate matter emissions of the plants is nearly 1250 tons
per year. The zinc ore with oxide and carbonate coming from the mine quarries
to the smelter consists of 21 % Zn, 2-3 % Pb, 0.07 % Cd, 15 % Fe, 0.022 % F,
0.003% Cl, 6 % Al,O3, 8 % SiO,, 0.60 % MgO and 10~15 % CaO. Annual
capacity of the smelter is 33650 tons of electrolytic ingot zinc, 6000 tons of
metal lead, 124 tons of metal cadmium and 4.5 tons of silver.

Analysis of soil samples

To analyze the soil samples (n=22) collected from different locations along a dis-
tance of 1100 m to the West from the factory, three different extractants were
used. Each sample and blank were analyzed in triplicate for the three extractant
solutions.

Dissolution with diluted acid mixture, ammonium acetate and aqua regia

Weighing a 2.5 g of each soil sample pretreated was placed into 100 mL of
beaker glass. A 5 mL of 0.1 M HCl in 0.025 M H,SO,4 was added to the beaker
and shaken on a shaker for 25 minutes. After shaking, the solutions were passed
through a blue band filter paper and then the filtrates were taken into 10 mL of
volumetric flasks by completing to the mark with distilled water. The determina-
tion of metals which are soluble in dilute acid mixture was performed by FAAS.

A 15 mL aliquot of 1 M ammonium acetate solution (pH 7) was added to 1.5 g
of soil sample in a 100 mL of beaker glass and then the mixture obtained was
shaked for 15 minutes. The suspension was filtered through a blue band filter
paper and the filtrate was taken into a volume of 15 mL with some distilled
water. The determinations of the exchangeable cations in a medium of 1 M
CH;COONH, were made by FAAS.

A 10 mL of aqua regia was added to 1 g of soil sample in a beaker glass. The
soil sample solution was evaporated to incipient dryness on a sand bath at 80°C.
After adding a 5 mL of concentrated HCIO,4 to each one, the solutions were
heated again at 50°C. A second 10-mL of aqua regia was added to the samples
and the solutions were evaporated near to dryness. The residue was dissolved
with some dilute nitric acid and passed through the filter, and then completed
with distilled water to 10 mL. The metal contents of these solutions were deter-
mined by FAAS. For the determinations of the elements Ca, Mg, Mn, Ni, Fe and
Zn 100, 400, 1000 and 2000-fold dilutions were made, when required.
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Analysis of plant tissues

The plant tissue samples (n=22) collected from the same points with the soil
samples were analyzed for the same elements mentioned above. Each sample
analysis and blank determination, using the same reagents for each plant tissue,
were run in triplicate.

Dissolution of fruit samples

Weighing a 2 g of each fruit sample was put into a graduated beaker glass of 100
mL. A 10-mL of concentrated HNOj (65 %) was added to each beaker and then
covered with a watch glass. The beakers were placed onto a sand bath and then
heated at 120°C until up going of NO, gases was completed. After cooling, a 2
mL of concentrated HC10,4(60 %) was added to beaker and evaporated to incipi-
ent dryness at 100°C. The beakers were washed with a little portion of 1 mol L™!
HNO;, and the washings were completed to 5 mL in graduated flasks. The metal
contents (Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb, Bi, Mg and Ca) of these solutions
were determined by FAAS. For the measurements of the elements of Fe, Zn, Ca,
and Mg 20, 40, 500 and 1000-fold dilutions were made, respectively.

Dissolution of leaf, twig and root samples

Weighings of one g from each of the leaf, twig and root samples were put into
porcelain crucibles separately. The samples weighted were ashed at 450°C in a
muffle furnace for a night. After cooling, 5 mL of 20 % HCI was added to each
residue and then they were evaporated near to dryness on a sand bath. After add-
ing 5 mL of 1 M HC], the sample solutions were centrifuged at 2500 rpm for 20
minutes. The solutions were taken into graduated flasks of 5 mL using 1 M HCL
The measurements of Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb, and Bi elements were
done by FAAS.

RESULTS AND DISCUSSION

Recovery and detection limit

To determine the accuracy of the methods used in the determination of the metals
in both the soil extracts and plant tissues, known-amounts of the elements stud-
ied were added to the soil and fruit samples. The recovery values (%) were calcu-
lated by comparison with the concentrations of the metals with or without spiked
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samples. The recovery values of the elements for both soil and fruit samples
were quantitative (2 95%). The relative standard deviations for all the elements
in soil samples were found in the range 0of 0.3 t0 1.8,0.4 to 8.6 and 0.3 to 11.5 %
in aqua regia, dilute acid mixture and ammonium acetate extractants, respec-
tively.

The solvents and the reagents used in the analyses of soil and fruit samples
were taken into consideration in the determination of detection limits of twelve
elements. In calculating the detection limits, the Equation of
Xo = Xviank + 3Sbtane WaS used.[23] The detection limit and recovery values
of the elements determined for both soil and fruit extracts are shown in Table L.

Evaluation of the results of soil sample analysis

As can be seen from Table II, the concentrations found for all the elements using
aqua regia were higher than those of both other soil extractants and control sam-
ple. The concentrations found using aqua regia for the Fe, Mn, Zn, Cu, Co, Ni
and Cr elements were in the range of typical soil metal contents.?*23] The con-
centrations of Pb and Cd elements for aqua regia digestion were higher than the
typical soil contents for these metals.

The mean concentrations of Fe, Ni, Cu, Zn, and Cd metals in the ammonium
acetate extracts were lower than those of the plant tissues (fruit, leaf, twig and
root) for the same elements. For Mn, this case is only valid for leaf samples. This
explanation can also acceptable for all the elements, in dilute acid mixture,
except for Ni. The extractabilities of all the metals in dilute acid mixture and
ammonium acetate solutions with respect to the contents in aqua regia extracts
increase up to 36 % and 59 %, respectively. The greatness of percentage concen-
trations of the metals in the ammonium acetate extractant medium, which are
related to their mobilities or bioavailabilities, may give an information about the
extents taken up by plants.[”

In our previous study, the metal concentrations of soils collected from the
vicinity of the same smelter for Zn (27-10500 pg/g), Pb (0.5-1648 pg/g), Cd
(0.1-4.9 pg/g), Cu (547 pg/g), Ni (15-57 pg/g) and Mn (212-730 pg/g) had
been determined by FAAS using aqua regia digestion at distances of 50, 100,
250, 500, 1000, 1500 and 2000 m for four main- and four sub-directions.[?6] The
Mn concentration (1014 pg/g) obtained with the present study for aqua regia
digestion was found to be higher than that mentioned just above, based on aver-
age values.

In order to investigate possible pollution effects on the surrounding of the solid
wastes deposited within the smelter area in which the surroundings of the plant
are generally agricultural lands, i.e., grape-vine and wheaten areas, the metal lev-
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els in these wastes were determined in the same way of the soil samples. As can
be seen from the results of analysis (Table III), the metal levels for the three
extractant media were found more higher than the average values of the other 22
soil samples. In addition to the dust emissions of the smelter, these analytical
results show that the open solid waste area may be a point source of pollution for
its environment both today and in the future.

TABLE IlI The mean metal levels of waste area (pg/g dry matter, n = 4)

Element 0.1 M HCl in 0.025 M H,SO4 1 M CH;COONH, (pH 7.0) Aqua regia (I HNO; +3 HCI)

Pb 60+1.1° 21016 168 =5
Zn 17.0£0.1 32002 2152
Cd 0.80£0.03 1.00 + 0.08 9.0x0.2
Fe 31008 80z1.1 14000 + 60
Ni 100x1.1 5002 6783
Cu 3.50 £ 0.09 2001 48.0+0.5
Co 6.50 + 0.05 160+0.3 23.0£03
Cr 140103 19.0£0.6 57.0x0.6
Bi 19.0 0.1 300x0.3 57003
Mn 273£6 197 £ 18 1502 + 37
Ca 4113 £ 56 4290 £ 56 16150 + 172
Mg 13.0+0.03 21032 698 + 46

a. Et-8/vn, at95% confidence level

Evaluation of the results of analysis of plant tissue samples

As can be seen from the Table IV, when the results of analysis of the fruit, leaf,
twig and root samples were evaluated, it was observed that the mean concentra-
tions of Pb, Cd, Cr and Co were higher than the typical plant tissue contents. If
the concentration of any metal in soil is at a high level (> typical soil metal con-
tent), this situation may also explain that the concentration of the metal in plant
tissue will probably be high (e.g., Pb and Cd).

Pb, Cd, Cr and Co contents of the fruit samples indicate that a metal accumula-
tion exists. The average concentrations of the Zn, Ni, Cu, Ca and Mg elements
are in the range of threshold values.[?! The concentrations of Mn and Fe, which
are micronutrients in soils for plants, of the fruit samples are lower than those of
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FIGURE 2 Concentration profile of Zn associated with different extractant media of fruit and soil
samples according to the distance from the smelter

the threshold values. These low levels may be explained with the soil structure.
The structure of soil is one of the most important factors of soil composition that
affects the extents of the metals taken up by plants. Some elements can be more
easily taken up by the plants because of their weak metal-chelate complexes. If
the strong metal-chelate complexes can not be digested by the microorganisms,
the elements can not be taken up by the plants. There is a competition, for exam-
ple, among clays, ion-exchangers, organic ligands (i.e., humic acids, fulvic acids,
etc.), and roots of plant during the uptake of the soil nutrients.!8! On the other
hand, the metal levels of fruit samples for Cr, Mn, Co, Ni, Cu, Zn, Cd, Pb, and Bi
were observed higher than those of control samples; for example, ratios (metal
concentration of fruit sample/metal concentration of control sample) were found
to be 59, 6 and 7.4 for lead, cadmium and chromium, respectively. But, iron level
of the control sample (181 pg/g) was greater than that of the fruit sample
(6-fold). This difference in level may be related to mineral structure of the soil.
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In general, the metal levels of leaf samples were found to be higher than those
of the fruit, twig and root samples. The high metal contents of the leaf samples
with respect to the other plant tissues may be explained with the large surface of
leaves that cause the uptake of metals by surface adsorption, because metal ions
present in solution at the leaf surface can diffuse into leaf cells or may bind to the
cuticle or cell wall.l?”! In addition, the leaf behaves as a bioaccumulator. [28:2%)

Metal levels of plant tissues increase usually in order of fruit, twig, root and
leaf. The fruit, leaf and twig samples are annual plant tissues while the roots are
per annual plants which may be a hundred years old or more. The metal contents
of per annual roots being lower than that of the leaf tissues may be related to the
roots, which are deeper, in which the metal contents may be lower than the sur-
face soils.

In general, the more distant the concentrations of the elements in the soil and
plant tissue samples are from the smelter, the more they decrease. The change in
Zn levels, as an example, of both the soil samples for the three extractants and
the fruit tissue samples related to the distance is shown in Figure 2.

Statistical evaluation

The correlation coefficients (r) among the metal concentrations of the fruit and
soil ammonium acetate extracts are presented in Table V. For example, the corre-
lation coefficients between fruit and soil metal contents for Cd, Zn, and Pb were
very high (probably due to the smelter emissions) which were 0.88, 0.86 and
0.70, respectively. For Bi, a much high correlation coefficient (0.85) was also
observed.3%The correlation coefficient values lower for Pb and much higher for
Zn and Cd were also reported by Ross.[2"] In addition, the correlation coeffi-
cients of these four elements with the others were very high and changed in the
range of 0.59-0.89, except for the r values of Pb with Mn, Ni, Fe and Co (see
Table V). These results show that the smelter has a great pollution influence on
its near environment. The table is self explanatory for the remaining correlation.

Most earlier studies of metal uptake by plants have assumed that the prime
source of metals is the soil. This can be defined as the extent of metal that differ-
ent plants could take up by calculating plant/soil metal ratios called as concentra-
tion factors (CF). As can be seen from Table VI, the calculated CFs of Zn, Cd
and Pb for fruit, leaf, twig and root were much higher than those of other ele-
ments, which are in order of Zn > Cd > Pb > Cu > Mn > Co > Cr > Fe > Ni. How-
ever, the CFs of Cd and Pb for fruit and twig were slightly low compared to leaf
and root. The much higher CFz,, CF¢4 and CFpy, (to a certain degree) values are
attributed to greater mobility or bioavailability of these metals in the soil. The
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previous studies indicate a relative ease of uptake of Zn and Cd from soil, but not
for Pb.127]

CONCLUSION

Extraction methods with the different extractants of soil and fruit samples (also
dry ashing for leaf, twig and root samples) offer an information on the levels of
heavy metals in these matrices. Especially, the analysis of soils with different
extractants provides a crucial knowledge about mobilities, bioavailabilities and
interactions between soils and plants of the metals. Recovery studies show that
the extraction methods used in this study are satisfactory and reproducible for
analysis of soil and plant tissues. The strong correlations were observed among
the Zn, Cd, Bi and Pb concentrations determined in fruit samples and ammonium
acetate extracts of soil samples. The concentration factors calculated for the Zn,
Cd and Pb elements support the results of correlation analysis. The analytical
results obtained for both soil and plant tissue analyses indicate that there is a
potentially polluted area for the environment in vicinity of the zinc smelter. The
pollution levels for both soil and plant samples decrease along the distance of
1100 m from the factory to the West. But at every distance from the smelter in
the studied area, the concentration levels of metals in these samples are still
higher than those of their control samples. At the same time, the high heavy
metal contents of the soil affect the plant tissues, especially leaves, and the met-
als are accumulated in those parts more densely than the other plant tissues.
Therefore, in future, more concentrated studies such as soil characteristics, speci-
ation of metals and determination of pesticides may be necessary in the same
region.
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