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In this research, effects of different sewage sludge (biosolid)
levels on the yield and trace element and heavy metal acumulation
in peanut were investigated. The experiment was conducted using
arandomized block design with 4 replicates in Menemen Plain, in
the Western Anatolia region of Turkey in year 2003 and 2004.
Wet sewage sludge was added to the soil at the rates of 0, 30, 60,
90 t ha'. The results showed that increasing sewage sludge appli-
cation to Typic Xerofluvent soil significantly increased peanut
yield, Fe, Cu and Ni content of edible part of peanut in 2003 and
2004, but did not significantly affect Mn, Zn, Cd, Cr, Pb contents
of peanut in same years. Meanwhile, trace elements and heavy
metals (Fe, Cu, Mn, Zn, Co, Cd, Cr, Ni, Pb) concentrations of
peanut were found under threshould values.
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INTRODUCTION

Sludge is defined as the residual material removed from wastewater
treatment facilities. A new term, biosolids, suggests the beneficial usage of
sludge. The definition of biosolids is now accepted as those primarily
organic solid products produced by wastewater treatment processes that
can be beneficially recycled.

Treatment of sludge is its preparation for final use or disposal includ-
ing, but not limited to, thickening, stabilization, and dewatering of sludge.
Sludge treatment does not relate to storage of wastewater sludge'.

The application of sewage sludge (biosolid) to agricultural land has
become a common practice over the past several decades. This practice is
inexpensive, logical and easy to carry out. Since sewage sludge contains
plant nutrients and organic matter, it may be used to supplement or replace
commercial fertilizers for crop production. The beneficial effects of using
sludge on agricultural soils have been proven by numerous researchers. It
has been shown that sewage sludge application improves the physical,
chemical and biological properties of soil**.
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Nutrients content of sludge increase plant biomass and yield*®. Pedreno
et al.” found that tomato yield was clearly favoured by sewage sludge
fertilization and no difference was observed from other organic fertilizer
treatments. Awad et al.® stated that sewage sludge application significantly
increased the growth of apple seedlings. The Pb and Ni contents of fruits
and leaves were slightly increased and Hg and Cd remained almost unaf-
fected. Pinamonti et al.’ tested sewage sludge compost in 14 apple
orchards. The resulting data demonstrated that sewage sludge compost did
not cause any significant increase in heavy metal levels in plants. Research-
ers found that sewage sludge can be used to fertilize the soil with no
danger in the short/medium term either to the environment or to crops.

However, sewage sludge application may lead to the accumulation of
a number of potentially harmful components such as heavy metals in soil
and crops. The presence of heavy metals in the applied sludge can cause
phytotoxic effects, soil and water contamination and accumulation of heavy
metal in food supplies'®"".

In Turkey, the application of sewage sludge to vegetable and fruit
production has been limited by Ministry of the Environment regulations.
After the analysis of sewage sludge and soil, permission to apply sludge
must be obtained from the relevant officials'?.

Accumulation and availability to plants of heavy metals in agricul-
tural soils largely depend on the composition of the sludge, rate of sludge
application, soil properties and crop species and cultivar. Increased Zn and
Cu concentrations have often been observed in soil and plants with sludge
applications''* while only very slight variations in Cr, Pb, Ni, Cd, Hg and
B concentrations have generally been determined**.

In the long term, the use of sewage sludge can also cause a significant
accumulation of heavy metals in soil and plants. Sloan et al."” stated that
after sludge applications the relative bioavailability of sludge applied with
heavy metals was Cd > Zn > Ni > Cu > Cr > Pb.

The use of sewage sludge in agriculture depends on soil pH, lime
content, soil cation exchange capacity and soil organic material. Liming is
a common practice in agriculture to maintain optimal soil pH and has also
been used to reduce the solubility of trace element and heavy metals.
Investigations have been performed on the effect of lime addition to
reduce trace element and heavy metal solubility'®'®. Peles et al." found
that Zn, Cu, Cd and Pb concentrations in various field plant species were
significantly lower in plants collected from limed compared to unlimed
sludge treated plots. Agricultural land in Turkey is generally rich in lime
and is low in organic matter and available P, Fe and Zn concentrations and
soil pH is mostly neutral and alkaline. The mobility of trace element and
heavy metals depends on soil pH and lime content. Therefore, the physical
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and chemical properties of soils of Turkey can be improved by using
sewage sludge which has sufficient organic matter, available P and micro-
nutrients.

The objective of the present study was to investigate the effects of
sewage sludge application on the yield and trace element and heavy metal
concentrations of edible part of peanut grown in Typic Xerofluvent soil.

EXPERIMENTAL

The field study was carried out in the experimental fields of Agricul-
ture Faculty's Research Farm of Ege University in Menemen, [zmir,
Turkey. Research area is in the Western Anatolia region of Turkey. The
experiment was carried out on a sandy-loam soil, which was clasified as a
Typic Xerofluvent™.

Sewage sludge was taken from sewage sludge treatment plant of
metropolitan region of Izmir city may produce around 600 tons (moist
basis) of sewage sludge per day. Ferric chloride and calcium oxide were
added to raise the efficiency of the dewatering process of sewage sludge.
The sewage sludge produced presented a pH varying between 10 and
12, which increased the pathogen control and decreased the heavy metal
availability.

Three different levels of wet sewage sludge (30, 60 and 90 t ha') were
applied to experimental soil on May 1st. Gravimetric water content of wet
sewage sludge was 79.82 %. 25 kg ha' N; 55 kg ha' P,Os; 30 kg ha” K,O
were also applied to experimental soil as basic fertilization at the same
time mixed with soil to 10 cm depth. The experiment was designed
according to randomized blocks with four replications. There were 16 plots
in the experiment (3 sewage sludge treatments and control). Dimensions
of plots were 3 x 6 m (18 m?).

The sowing of peanut seeds (Arachis hypogaea L.) were done by
sowing machine on May 5th, 2003 and June 4th, 2004 to 5 cm of soil
depth, in rows 70 cm apart. Irrigation was provided when required.
Harvest were made by plough and peanuts collected manually (November
14, 2003 and October 15, 2004). Fresh yield of peanuts were weighed.
Peanut samples from each parcel were collected for heavy metal analysis.
Samples were dried in a forced air oven at 70 °C for 48 h and digested in a
nitric-perchloric acid mixture. Fe, Cu, Mn, Zn, Co, Cd, Cr, Pb and Ni
contents in the extracts were determined using atomic absorbtion spectro-
photometry'.

The following measurements were made on the experimental soil and
sewage sludge: Gravimetric water content of wet sewage sludge®, pH>,
water soluble total salt*, CaCOs®, organic matter™, total N*/, total P**.
Total K, Ca, Mg, Na and trace elements (Fe, Cu, Zn, Mn) and heavy metals
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(Co, Cd, Cr, Ni and Pb) were analyzed with 3HCI + 1HNO; extraction
solution® and measured by AAS*'. Texture of experimental soil was deter-
mined using the hydrometer method™. Data were analyzed using the SPSS
statistical software package’'. The least significance difference test was
used to establish if differences in the treatments were significant at P =
0.01, 0.05.

Some physical and chemical properties of the soil and sewage sludge
used in the experiment are given in Table-1.

TABLE-1

SOME PHYSICAL AND CHEMICAL PROPERTIES OF THE
EXPERIMENTAL SOIL AND SEWAGE SLUDGE

Organic Available mg kg ™'
Parameters  pH Salt matter
(%) %) N(%)| P K Ca Mg Na
Soil 7.70 0.032 1.26  0.07] 540 341 2836 273 72
Total mg kg
Sew.sludge 7.34 3.640 4639 3.06/13300 6800 37400 6800 5900
Total mg kg
Fe Cu Zn Mn | Co Cd Cr Ni Pb
Soil 1.88 13.65 37.88 316.08| 10.75 0.34 48.09 48.15 12.51
Sew. sludge 11400 258.40  94.60 298.60| 14.20 3.64 144.60 69.60 153.90

RESULTS AND DISCUSSION

The fresh weights of peanuts with shell were given in Table-2. The
highest yield (8943.5 kg ha™') of peanut was found at the first year (2003)
harvest with the highest dose of sewage sludge aplication (90 t ha™) to soil
(Table-2). It was followed by 60 and 30 t ha' sewage sludge aplications.
The lowest yield was found at the control (Table-2). At the second year
(2004), the highest yield (6783.0 kg ha™') of peanut was determined at 60 t
ha' sewage sludge aplication. Peanut yields of second year were under the
first year yields at all doses of sewage sludge. This means that second year
effect of sewage sludge is very low. Sewage sludge can be decomposed

TABLE-2
EFFECTS OF SEWAGE SLUDGE APPLICATIONS ON
FRESH PEANUT (WITH SHELL) YIELD

Fresh peanut with shell (kg ha)

Sludge (ton ha™)

2003 2004 Total
90 8943.5a 6774.1 a 15717.6 a
60 8623.6 b 6783.0 a 15406.6 a
30 8151.6¢ 6612.7 ab 14764.3 b
0 7631.2d 6404.0b 14035.2 ¢
LSD 250.18% 250.18% 404.09+

IStatistically significant at p < 0.01 level.
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very fast because of high temperature and high microorganism activity in
the experimental soil. The highest total yield of peanut was found at the
highest dose of sewage sludge (90 t ha™). It was followed by 60, 30 and 0
t ha' doses of sewage sludge aplications, respectively.

According to these results, it can be suggested that peanut yield
significantly increased with increasing sewage sludge doses. This result
may be explained to the high organic matter and macro and micronutrient
content of applied sewage sludge. Sewage sludge applications increased
yield in various plant species’*"".

Trace element and heavy metal composition in edible part of peanut in
2003 and 2004 were given in Tables 3 and 4.

TABLE-3
EFFECTS OF SEWAGE SLUDGE APPLICATIONS ON Fe, Cu, Mn, Zn, Co,
Cd, Cr, Pb AND Ni CONCENTRATION OF EDIBLE PART OF
PEANUT IN 2003

Sl(‘:dge 2003-Edible part of peanut (mg kg™)
on

ha) Fe Cu Mn Zn Co Cd Cr Pb Ni

90 17.50a 7.44a 17.14 39.12 040b 0.08 031 105 2.13a
60 17.06ab 6.57ab 16.90 38.07 0.67ab 0.08 031 090 2.04a
30 15.03ab 6.12ab 17.80 38.07 0.67ab 0.08 031 1.05 1.94ab
0 14.61b 5.948b 17.67 37.36 0.8la 0.08 031 090 1.67b
LSD 2.724% 1.267f ns ns 0.314% ns ns ns 0.278%

T,+Statistically significant at p < 0.05 and p < 0.01 level, respectively; ns: not
significant.

Increasing sewage sludge application to peanut plant significantly in-
creased Fe and Cu content of edible part of peanut in 2003 and 2004, but
did not significantly affect Mn and Zn contents of peanut in same years
(Tables 3 and 4).

TABLE-4
EFFECTS OF SEWAGE SLUDGE APPLICATIONS ON Fe, Cu, Mn, Zn, Co,
Cd, Cr, Pb AND Ni CONCENTRATION OF EDIBLE PART OF
PEANUT IN 2004

Sl(Ltldge 2003-Edible part of peanut (mg kg™)
on

ha') Fe Cu Mn Zn Co Cd Cr Pb Ni

90 18.20a 7.30a 17.68 38.88 0.45b 0.11a 0.31ab 1.08 2.19a
60 18.14a 6.14ab 17.24 37.72 0.80a 0.10ab 0.33a 1.01 2.07a
30 16.32ab 6.69ab 17.52 37.22 0.75ab 0.08ab 0.33a 0.94 1.97ab
0 15.778b 5.98b 17.23 36.50 0.91a 0.07ab 0.30b 0.91 1.70b
LSD 2.002f 1.267f ns ns  0.314% 0.0311 0.022% ns  0.278%

T,%Statistically significant at p < 0.05 and p < 0.01 level, respectively; ns: not
significant.
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The Cd, Cr and Pb concentrations of peanut in 2003 and Pb concentra-
tion of peanut in 2004 did not significantly change with sewage sludge
treatments. Meanwhile, the highest Co concentrations of peanut were at
control in 2003 and 2004. Increasing sewage sludge application to peanut
plant significantly decreased Co content of edible part of peanut in same
years. Co contents of experimental soil and sewage sludge were nearly
same (10.75-14.20 mg kg, respectively). Sewage sludge is an organic
matter source and increase organic matter content of soil. Humus and other
organic compounds can chelate metals and form stable complexes. Humic
fractions with lower molecular weights are more effective for complex-
ation with metallic ions, since they contain phenolic and carboxylic groups
in higher concentrations™. For this reason, Co content of edible part of
peanut may be decreased by increasing sewage sludge aplications. Sewage
sludge aplications caused significant increases Ni content of peanut in 2003
and 2004. The aplication of 60 and 90 t ha" sewage sludge significantly
increased Cd concentration of peanut in comparison to 30 t ha™ sewage
sludge and control in 2004. The highest Cr contents were found with 30
and 60 t ha'' sewage sludge treatments in 2004 (Tables 3 and 4).

According to the Food Standards Agency and Institute of Food
Research™, threshold values of Fe, Cu, and Mn in edible part of peanut are
25.0; 10.2 and 21.0 mg kg'', respectively. Approximate Zn content of
peanut is 50.0 mg kg™ as reported by Baker et al.**. Recommended upper
level of Cois 1.0 mg kg™ in apple, plum, peach, bean and cowpea® Permit-
ted level of Cd is 0.11 mg kg™ in tomato®. Critical level of Cr content of
tomato is 1 mg kg'. Permitted level of Ni is 3.7 in bean as suggested by
Schacklette™.

Threshold values of all these heavy metals show that edible part of
peanut has heavy metal concentrations under recommended upper levels.

Frost and Ketchum®’ indicated that the Zn, Cu, Cd and Cr concentra-
tions of plant tissues increased with sludge application. In addition to this,
Lopez-Mosquera et al.® did not find significant correlation between the
total metal concentrations in the soil and plant tissues. This can be
explained by the low heavy metal concentrations in the sludge and the
high pH and lime content of the experimental soil. Peles et al."” found that
heavy metal concentrations (Cu, Zn, Cd and Pb) were significantly lower
in plants collected from limed soils compared to unlimed soils treated with
sludge. Also the soils in Turkey and the research area (Menemen-Izmir)
are generally calcareous and have a pH value above 7.0. This is an advan-
tage for preventing against the toxic effects of trace elements and heavy
metals, the trace element and heavy metal contents of soil and plants
to which sewage sludge is applied. However, long-term sewage sludge
application may cause the accumulation of some trace elements and heavy
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metals in the soil and their entry into plants in quantities above the
maximum permitted concentrations. That's why, use of sewage slugge in
agriculture have to be always controlled for public health.
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