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Abstract

AYDINALP, C., G FULEKY and L. TOLNER, 2010. The comparison study of some selected heavy metals
in the irrigated and non-irrigated agricultural soils. Bulg. J. Agric. Sci., 16: 754-768

A research was carried out to investigate the status of four micronutirents, iron (Fe), manganese (Mn), copper
(Cu), and zinc (Zn), and five other heavy metals cadmium (Cd), cobalt (Co), chromium (Cr), nickel (Ni) and lead
(Pb) in agricultural soils of Bursa plain, Turkey. Soil samples were digested by nitric acid (HNO,)-hydrochloric
acid (HCI) for determination of total contents of the nine elements, while DTPA method was used for determina-
tion of extractable form of these elements. Total and DTPA extractable element contents were found at the
highest concentration in the surface horizons of the irrigated sites. Nevertheless, total and DTPA extractable
elements were found moderate to low concentrations in the surface horizons of the non-irrigated sites. Among
the soil properties examined, clay content had a good relation with total and DTPA extractable element contents
in the topsoil. The obtained results were indicated that irrigated alluvial soils were polluted with heavy metals due

to long-term irrigation with the polluted Nilufer River.
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Introduction

The extent of chemical degradation of agricultural
lands has been commonly assessed by plant nutrient
changes and the level of acidification. An aspect of
chemical degradation of soils, which is often neglected,
Is the accumulation of heavy metals in agricultural lands
under intensive cultivation and fertilization (Logan,
1990; Csillag et al., 1998). There is some indirect
evidence of possible heavy metal build-up in some
arable lands because of long-term application of in-
organic phosphate fertilizers (Ewa et al., 1999) and
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possibly organic manure (Agbenin and Felix-
Henningsen, 2001). Under long-term applications of
inorganic fertilizers and organic wastes to soils, peri-
odic risk assessment of heavy metal accumulation in
agricultural lands becomes imperative (Williams etal.,
1987). Heavy metals can be added to soils through
industrial wastes, atmospheric deposition, parent ma-
terials (Oliver, 1997) and the long-term application of
organic wastes, such as sewage sludge to soils (Will-
lams etal., 1987). Sims and Kline (1991) showed,
for instance, that application of composted sewage
sludge to soils increased the concentrations of Cr, Ni
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and Cd in soils. Soil management practices such as
the application of inorganic fertilizers, organic wastes
and lime are critical factors affecting heavy metal pol-
lution of agricultural lands (Williams et al., 1987;
Dowdy etal., 1991). Under acidic soil conditions most
heavy metals are soluble and mobile, thus increasing
the risk of ground water and food chain contamina-
tion (Naidu et al., 1994; Oliver, 1997; Harter and
Naidu, 2001). The vertical distribution of heavy met-
als in soils has been extensively studied to clarify the
mechanisms of contamination of soils and groundwa-
ter (Fujikawa et al., 2000) and agricultural lands fer-
tilized with organic wastes containing heavy metals
(Williamsetal., 1987; Dowdy et al., 1991).

Soil serves many vital functions in our society,
particularly for food production. It is thus of extreme
importance to protect this resource and ensure its
sustainability. Deteriorating environmental conditions
and increasing reliance on agrochemicals have led to
agrowing public concern over the potential accumu-
lation of heavy metals and other contaminants in agri-
cultural soils (Nriagu, 1988; Alloway, 1990; Kabata-
Pendias, 1995; Fuleky et al., 2002). Owing to rapid
economic development, heavy metal contamination of
agricultural soils has also become increasingly serious
in the research area (Aydinalp and Marinova, 2003;
Aydinalp and Cresser, 2005; Aydinalp et al., 2005).

Bursa is a highly populated industrial and agricul-
tural based province of Turkey. The orchards and
vegetables are main crops, which are mostly grown in
the alluvial soils occupying 118.255 ha of the prov-
ince (Anonymous, 1995). The alluvial soils are the
main important agricultural soils, which are occupied
10.7% of the province. These soils were formed from
different kinds of parent materials derived from lime-
stone and sediments of the Nilufer River. The yield
was high in the plain with respect to other region of
the country due to number constraints of which soil
was dominant. Recently, the yield has been decreas-
ing due to several factors. The objective of this re-
search was to determine the heavy metal status of the
irrigated and non-irrigated agricultural soils and to re-
late with the pollution levels.

Materials and Methods

Description of study area

The research area formed from calcareous alluvial
sediments of the Nilufer River system. The soil type is
Fluvisols (FAO/Unesco, 1990) in the research area.
Genesis and properties of these soils relating to fertil-
ity vary with physiography. The research area is lo-
cated on between 40° 13' - 40° 15' N latitudes and
29° 10' - 29° 20' E longitudes in the eastern Bursa
plain of Turkey. The area has a Mediterranean type
of climate with annual precipitation 714.1 mm with
rainy season extending from November to May. The
soil moisture and temperature regimes are xeric and
thermic in the research area.

Soil samples

Tenirrigated and ten non-irrigated alluvial soil sites
were selected for this research. The irrigated soil sites
were located along side the Nilufer River under vari-
ous summer crops and orchards. The soil profiles in
each site were dug down to parent material. Soil
samples were taken from each soil horizon and ana-
lyzed for their physical and chemical properties.

Water samples

The Nilufer River is the main irrigation water source
for soils in the region. Ten water collection points were
chosen for irrigated soil sites at a spacing of 500 m
along the river. The water samples were collected one
aweek for 4 weeks in July 2006. This month is the
most intensive irrigation period for various crops in
the region.

Methods for soil analysis

Bulk soil samples were air dried, crushed with a
mortar and pestle, and sieved to remove coarse (>2
mm) fragments. Soil samples were analyzed for par-
ticle-size distribution by the hydrometer method (Gee
and Bauder, 1982), pH in a 1:2 soil: water ratio
(McLean, 1982). Other were determinate organic
carbon (Nelson and Sommers, 1982), total nitrogen
(Bremner and Mulvaney, 1982), EC (SCS, 1972),
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calcium carbonate (Nelson, 1982), available phos-
phorus (Olsen, 1982), CEC (Rhoades, 1982), ex-
changeable cations (Thomas, 1982), and DTPA-ex-
tractable Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn
(Lindsey and Norvell, 1978). 1 g soil samples were
digested in a mixture of concentrated HNO, and HCI
(3:1ratio) and analyzed for total concentrations of
Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn were deter-
mined by ICP-OES (Inductively Coupled Plasma
Optical Emission Spectrometer). Statistical analyses
were carried according to Svab (1973) using a spe-
cial 3 factorial variance analysis where no real repli-
cation exists.

Methods for water analysis

Ten water samples were collected from the ten ir-
rigation points in the Nilufer River on four separate
occasions. The results were presented as mean
monthly values.

Water samples were collected from a depth of 0.5
m in 1-litre polyethylene bottles. At the sampling site,
the bottles were rinsed twice with the water to be
sampled prior to filling. After sampling, water samples
were filtered using membrane filters with pore diam-

Table 1

eters of 0.45 mm. The filtrated samples were acidi-
fied to pH 2 with ultrapure grade nitric acid (Merck)
in order to minimize precipitation and adsorption on
the walls of the container. All analytical methods used
were based on standard methods for examination of
water (Anonymous, 1988).

pH of water samples was measured in the field by
using a portable pH meter. Cd, Co, Cr, Cu, Fe, Mn,
Ni, Pb and Zn in filtered water determined by ICP-
OES (Inductively Coupled Plasma Optical Emission
Spectrometer).

Results and Discussion

Water quality of the Nilufer River

Some selected chemical results of the water
samples were presented in Table 1. The pH of water
samples ranged from 6.90 to 6.72 during the four
weeks period and values decreased slightly with
stream flow direction from sampling point 1 to 10.
The obtained water results indicated that the river
water was contained 45 mg I silt in this irrigation pe-
riod and polluted with all the heavy metals determined.
The pH values of waters from sampling point 1 to 10,

The selected properties of the Nilufer River for July 2006

Sampling H Concenctration, mg 1™
points | P cd | co | o | cu | Fe | Mn | Ni | Pb | zn
1 6.90 1.20 3.00 5.10 2.90 4.00 1.20 4.10 1.90 3.40
2 6.88 1.30 3.20 5.40 3.00 4.20 1.40 4.50 2.00 3.60
3 6.85 1.30 3.30 5.40 3.00 4.20 1.40 4.70 2.20 3.80
4 6.85 1.60 3.30 5.50 3.30 4.40 1.70 4.70 2.20 3.90
5 6.80 1.60 3.50 5.60 3.40 450 1.90 4.90 2.50 3.90
6 6.78 1.90 3.60 5.90 3.40 4.80 2.00 5.00 2.50 4.10
7 6.76 2.20 3.60 5.90 3.60 4.90 1.80 5.30 2.30 4.00
8 6.75 2.50 3.70 6.00 3.60 5.10 1.60 4.80 2.00 3.80
9 6.72 2.80 3.50 6.00 3.70 5.00 1.60 4.70 1.70 3.40
10 6.72 2.80 3.50 6.20 3.70 4.80 1.40 4.70 1.70 3.10
Min. 6.72 1.20 3.00 5.10 2.90 4.00 1.20 4.10 1.70 3.10
Max. 6.90 2.80 3.70 6.20 3.70 5.10 2.00 5.30 2.50 4.10
Mean 6.80 1.92 3.42 5.70 3.36 459 1.60 4.74 2.10 3.70
St. Dev. 0.07 0.62 0.21 0.35 0.30 0.38 0.25 0.31 0.29 0.32




The Comparison Study of Some Selected Heavy Metals in the Irrigated and Non-Irrigated Agricultural Soils

757

suggesting that the river is becoming more acid due to
inputs of acid pollutants on progressing down stream.

The distributions of metal concentrations in the
water samples were determined at 10 sampling points
for July, which was most intensive irrigation period in
the region. The Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and
Zn concentrations in the water samples were presented
in Table 1. The values of Cd varied from 1.2t0 2.8
mg I!, Cofrom 3.0t0 3.7 mg I, Cr from 5.1 t0 6.2
mg I'and Cufrom 2.9t0 3.7 mg I'. Fe and Mn values
ranged from 4.0t0 5.1 mg I and 1.2 to 2.0 mg I
respectively. The values of Ni varied from4.1t05.3
mg I', Pb from 1.7to 2.5 mg I, and Zn from 3.1 to
‘Table 2

luted with a wide range of heavy metals due to inputs
of wastewater from industrial and urban activities in
the region.

Soil properties

Some physical and chemical properties of the irri-
gated soils are presented in Tables 2, 3and 4. The
soil texture is loam throughout all profiles expects the
lowest horizons. The clay values ranged from 13.1 to
30.5% and increased with depth. Soil pH varied 7.4
to 8.2 and the values gradually increased with depth.
EC values ranged from 0.62 to 1.24 dS m* and con-
sistently increased with depth. The results were indi-

The some physical and chemical properties of the irrigated alluvial soil profiles
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Profile 1
Ap 0-20 412 342 224 L 75 07 155017 91 21 105 25 19 28 19 14 100
C1 20-45 35.1 381 251 L 76 082 094 0.13 72 34 718 27 23 25 11 1.8 100
C2 45-75 331 354 305 CL 77 088 O -- -- 53 503 31 27 24 08 2.2 100
Profile 2
Ap 0-30 404 392 185 L 75 077 132 016 82 17 877 21 16 25 2 16 100
C1 30-60 315 435 237 L 76 085081 014 58 25 6.03 27 22 22 17 19 100
C2 60-95 334 378 282 CL 76 09 O -- -—- 47 312 33 29 2 1 21 100
Profile 3
Ap 0-25 403 415 158 L 74 062 125014 89 12 758 19 14 29 18 1.3 100
C1 25-55 329 462 194 L 75 078 07 011 64 2 614 24 19 26 14 1.8 100
C2 55-80 33.1 397 263 L 76 085 0O -- -- 38 405 29 25 24 09 2.2 100

(continued)
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Table 2 (continued)

Profile 4
Ap 0-20 335 442 207 L 74 065 14 017 82 19 124 23 19 27 16 15 100
C1 20-48 26.3 485 242 L 75 074 085 012 71 28 952 28 24 2511 19 100

C2 48-82 333373288 CL 77 083 0 -—-— -—-—- 42 634 32 28 22 0.7 23 100
Profile 5

Ap 0-28 33.2 404 235 L 75 072 144 018 8 23 113 27 21 2519 18 100

C1 28-53 269 451 258 L 76 08 062 01 62 4 984 29 24 2315 21 100

C2 53-75 329367291 CL 77 089 O - - 51 719 34 29 2 1 25 100
Profile 6

Ap 0-18 476 324 172 L 7.7 084 115 014 82 32 894 20 14 29 21 19 100
C1 18-38 428 352 198 L 7.8 092 052 008 65 41 778 22 17 27 18 2 100

C2 3860 357387241 L 78 094 0 - --—- 48 645 27 21 26 17 21 100
C3 60-105 54.2 234 21.3 SCL 79 098 0 - - 65 582 24 19 2312 22 100
Profile 7

Ap 0-20 496 284 195 L 7.8 088 104 014 74 35 974 22 16 27 22 2 100
C1 20-55 43 316234 L 79 094 041 008 51 46 85 26 20 25 2 22 100
L

C2 55-75 35.5 35.9 26.9 79 097 0 -—- -—-— 52 804 30 25 2416 23 100
C3 75-100 568 26.3 162 SL 81 12 O - - 6 736 18 14 21 1 25 100
Profile 8

Ap 0-30 501 325154 L 77 08 11 013 85 3 881 19 13 29 19 18 100
C1 30-60 43.8 358 187 L 78 092 063 01 63 37 674 22 16 28 1.7 21 100
L

C2 60-78 37.2 39.2 22.3 78 095 0 - -—-— 44 59 25 20 2612 23 100
C3 78-112 585 274 131 SL 8 104 0 - - 58 382 16 12 22 0.8 24 100
Profile 9

Ap 0-22 446 343189 L 78 09 09 012 79 28 101 23 17 28 1.8 21 100
C1 22-45 39.1 375217 L 79 095 032 005 64 34 862 26 20 26 15 23 100
L

C2 45-65 325 41.7 245 8 098 0 - - 39 787 27 22 2411 24 100
C3 65-95 552 248 193 SL 82 124 0 - - 57 405 22 17 21 0.9 27 100
Profile 10

Ap 0-20 484 292 202 L 77 087 09 011 82 31 114 24 18 27 2 19 100
C1 20-48 418 331235 L 79 093 027 004 67 42 107 27 22 24 17 2 100

C2 48-64 36.1 367261 L 8 097 O -—-—- -—- 54 915 30 25 22 14 23 100
C3 64-105 585 19.6 21.4 SCL 82 118 0 - -—-—- 63 578 24 19 2 0.8 25 100
Statistical
Values .- -—- -—- -—- 01 007 047 006 32 11 21 52 52 0404 03 -
LSD 95%

bon values varied from 0.27 to 1.55% and total N The low organic carbon and total nitrogen values due
from 0.04 to 0.18% and both decreased consistently  to rapid decomposition of organic matter under Medi-
with depth. C/N ratios were ranged from5.1t09.1.  terranean type of climate in the northwestern Turkey.
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Table 3
Total metal concentrations of the irrigated alluvial profiles
Horizon Depth, Metal concentration, mg kg™
(FAO/Unesco) cm Fe | mMn]| zn | cu [ cd] co] cr [ Ni | Po
Profile 1
Ap 0-20 26.657.000 1143 248 1305 4.28 3754 170.1 186.9 231
C1 20-45 20.054.000 1014 237.5 90.04 3.97 33.68 1443 1738 21.39
C2 45-75 16.812.000 890 224.9 6159 1.31 31.3 9351 168.7 19.76
Profile 2
Ap 0-30 23.541.000 989 204 97.89 559 3209 196 188.6 25.24
C1 30-60 17.103.000 887 146.8 88.91 5.17 3042 1726 1795 24.12
C2 60-95 14572000 833 926 67.24 2.26 2235 1268 1728 22.62
Profile 3
Ap 0-25 31.058.000 1239 221.9 86.41 6.25 3873 160.5 183.6 24.68
C1 25-55 21.264.000 1126 172.6 72.12 5.82 30.85 1095 1753 23.74
C2 55-80 12.937.000 1024 131.9 42.03 2.93 22.82 84.18 168.1 21.42
Profile 4
Ap 0-20 23.785.000 1115 237.5 1203 556 3352 142 1948 23.29
C1 20-48 17.626.000 1011 210.1 9348 3.87 30.71 99.73 182 21.13
C2 48-82 13.941.000 862 1459 62.16 1.94 265 8214 1796 1891
Profile 5
Ap 0-28 31.563.000 1043 168.9 1026 5.83 3431 2153 185 13.89
C1 28-53 26.792.000 994 144 89.34 4.22 2987 181 1761 119
C2 53-75 18.914.000 885 123.7 54.82 1.24 1893 1537 1728 10.04
Profile 6
Ap 0-18 41.112.000 1498 356.7 84.47 3.01 4518 124 176 17.96
C1 18-38 35.696.000 1352 291.8 835 2.83 4265 116.2 1718 17.04
C2 38-60 30.835.000 1275 230.4 63.41 2.71 40.12 98.55 1654 15.46
C3 60-105 17.491.000 764 175.8 60.25 195 3748 83.14 1616 14.75
Profile 7
Ap 0-20 44.685.000 1360 421.8 71.63 3.78 4357 1403 1741 18.52
C1 20-55 34.439.000 1104 372.6 66.72 3.64 4092 1238 170.1 17.78
C2 55-75 27.411.000 876 353.5 65.98 3.59 38.08 107.3 1633 17.31
C3 75-100 16.176.000 788 155.3 43.44 2.07 35.99 92.66 156.3 16.58
Profile 8
Ap 0-30 36.907.000 1563 412.3 67.62 4.23 4568 1496 1675 16.7
C1 30-60 31.610.000 1459 346.3 61.79 3.91 4261 1415 164.2 15.69
C2 60-78 24.459.000 1073 305.2 43.08 3.32 40.15 1165 161.8 15.08
C3 78-112  20.893.000 668 221.2 3341 2.84 3742 8321 149 14.67

(continued)
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Table 3 (continued)

Profile 9
Ap 022 40032000 1513 324 89.13 3.19 46.7 1473 1681 17.34
c1 20445 27895000 1132 288.6 82.75 281 4468 1227 1648 1652
c2 4565 23822000 763 2722 7593 223 4182 1145 1571 157
c3 65-05 22176000 655 2317 5458 22 4093 9108 147.6 1287
Profile 10
Ap 020  39576.000 1450 330.2 9431 28 47.21 1386 1766 16.03
c1 20-48 34841000 1314 287.6 68.04 242 4543 1221 1726 151
c2 4864 28952000 871 196.7 49.41 207 4385 9.82 1655 138
c3 64-105  16.764.000 623 148.7 36.75 1.94 4204 81.45 1568 12.97
Statistical Vlues 5791 318 638 234 16 46 226 744 094
LSD 95%

The CaCO, concentrations ranged from 1.2 t0 6.5%
and increased with depth due to calcareous parent
material. Available P values ranged from 3.12t0 11.43
mg kg and gradually decreased with depth. The sur-
face horizons had higher values that were adequate
levels. The CEC values ranged from 16.2 to 33.7
cmol (+) kg, and along with clay content, increased
with depth. Exchangeable Ca and Mg varied from
11.9t0 29.3 cmol (+) kg and from 2.0 to 2.9 cmol
(+) kg'. Exchangeable K ranged from 0.7 to 2.2 cmol
(+) kg and decreased with depth. Exchangeable Na
varied from 1.3 to 2.7 cmol (+) kg' and increased
with depth. Base saturation was 100% throughout the
all profiles, due to the alkaline parent material and cli-
mate.

The total Fe, Mn, Zn, Cu, Cd, Co, Cr, Ni, and Pb
concentrations are present in Table 3. The concen-
tration of Fe varied from 12,937.000 to 44,685.000
mg kg, Mn from 623 to 1563 mg kg, Zn from 92.60
t0421.80 mg kg, and Cu from 33.41 to 130.52 mg
kg'. Cd ranged from 1.24 t0 6.25 mg kg, Co from
18.93t047.21 mg kg', and Cr from 81.45t0 215.25
mg kg™. Ni varied from 147.58 to 194.76 mg kg
and Pb from 10.04 to 25.24 mg kg

The DTPA extractable Fe, Mn, Zn, Cu, Cd, Co,
Cr, Ni, and Pb concentrations are present in Table 4.
The values of Fe ranged from 3.75to 13.50 mg kg™,
Mn from 4.05t0 10.28 mg kg, Zn from 1.14t0 5.92
mg kg™, and Cu from 4.03 to 15.12 mg kg'. Cd var-

ied from 0.18 t0 0.94 mg kg™, Co from 0.52t0 1.45
mg kg, Cr from 0.10 to 0.25 mg kg™'. The values of
Ni and Pb varied from 0.61 to 1.13 mg kg and from
0.83t02.10 mg kg™ respectively.

The total and DTPA-extractable element concen-
trations for irrigated sites decreased gradually with
depth from surface horizon to lowest horizon. The
surface horizons had higher concentrations of heavy
metals due to longer period of surface irrigation from
polluted Nilufer River. These sites were irrigated and
fertilized with diammonium phosphate, triple super
phosphate, diammonium sulfate and ammonium nitrate
to obtain enough yields by farmers. The all studied
soils were plugged intensively in the research area.
These soils were irrigated approximately once a week
for 2 or 3 hours from June to September due to cli-
matic conditions and water requirement of the crops
inthe region. The farmer uses flow irrigation pumping
set, which pump 90 m3/h water. The Nilufer River
contains 45 mg I siltand continuous irrigation silting
up the irrigated sites. The continuous surface irriga-
tion was affected physico-chemical properties of these
soils under Mediterranean type of climate. The accu-
mulation of heavy metals in the irrigated soils due toa
long period of irrigation with polluted water from the
Nilufer River is readily apparent in Table 1. The wa-
ter results showed that the irrigation water was pol-
luted with industrial wastewater and city sewage ef-
fluents. Even although the heavy metals may be con-
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Table 4
DTPA-extractable some metal concentrations of the irrigated alluvial soil profiles

Horizon i 1
(FAO/ Depth, cm Metal concentration, mg kg
Unesco) Fe | Mn | zn | cu| cd ]| co| ¢ [ Ni | Pb
Profile 1
Ap 0-20 874 78 318 1512 063 1.03 02 107 188
C1 20-45 6.27 692 302 1047 06 095 017 091 1.75
C2 45-75 503 6.07 273 751 02 087 011 085 162
Profile 2
Ap 0-30 762 6.78 247 1255 081 092 023 11 21
C1 30-60 518 6.12 178 1167 0.75 0.8 0.2 098 2
C2 60-95 43 575 114 905 033 063 015 09 187
Profile 3
Ap 0-25 954 843 279 1028 094 1.08 019 102 2.03
C1 25-55 6.28 765 221 913 087 087 013 093 1.9
C2 55-80 375 692 17 542 045 065 01 085 177
Profile 4
Ap 0-20 784 764 32 1352 075 097 017 113 19
C1 20-48 557 6.88 283 11.05 053 09 012 1 1.72
C2 48-82 4.25 59 202 738 027 078 01 097 155
Profile 5
Ap 0-28 1015 7.05 215 1153 087 093 025 105 1.14
C1 28-53 807 6.73 181 1027 065 081 021 095 0098
C2 53-75 548 6.02 153 6.09 018 052 018 091 0.83
Profile 6
Ap 0-18 1242 10.05 4.82 1083 052 132 015 098 151
C1 18-38 1053 9.12 39 1005 048 125 014 092 143
C2 38-60 915 855 313 877 046 118 012 085 1.31
C3 60-105 5.07 51 245 812 034 1.1 01 08 125
Profile 7
Ap 0-20 135 901 592 89 06 128 017 095 158
C1 20-55 1007 728 503 78 057 12 015 09 152
C2 55-75 8.11 58 471 725 054 112 013 082 1.48
C3 75-100 473 512 207 543 033 1.05 011 073 14
Profile 8
Ap 0-30 1105 1028 58 867 065 13 018 085 144
C1 30-60 9.27 954 473 83 06 127 017 081 1.38
C2 60-78 713 707 415 607 051 12 014 078 13
C3 78-112 6.05 443 298 443 043 113 01 062 1.25

(continued)
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Table 4 (continued)

Profile 9
Ap 0-22 1228 987 4.62 99 057 138 018 087 147
C1 22-45 8.44 7.15 405 8.65 0.5 1.32 015 0.82 14
C2 45-65 709 509 38 803 041 125 014 073 1.32
C3 65-95 6.72 438 308 557 039 121 011 0.61 1.08
Profile 10
Ap 0-20 1205 949 455 973 052 145 017 097 1.37
C1 20-48 1082 852 383 732 04 14 015 093 1.28
C2 48-64 8.8 568 271 515 038 137 012 084 1.17
C3 64-105 508 405 208 403 03 129 01 072 11
Statistical Values
LSD 95% 1.77 204 094 235 023 012 003 0.07 o0.07
Table 5
The some physical and chemical properties of the non-irrigated alluvial soil profiles
@
| »
> 5
cU -
g 2. ] = -
S | Els|lel|s|elfl=l8]8 2| E A EIME:
@) = S|l o| =28l £]Z£2]|0 o’
< B |ls|Z| 23|Il sl BlO]Q] 2
= a8 | ClFlS|R|S|8 8| 8
o T ‘s
N S >
o) < mmm e emmmmm - --CMO] (+)
I 1
Profile 1

Ap 0-15 261 404 322 CL 73 0.65 1.83 0.15 122 15 1351 301 242 26 24 1.8
C1 15-40 198 437 355 CL 74 06 1.04 01 104 24 1104 333 281 25 2 15
C2 40-80 328 383 281 CL 75 054 -- -- -- 31 627 25 21 2 1811
Profile 2
Ap 0-20 256 425 304 CL 74 062 1.67 0.13 128 18 1504 273 221 25 21 1.6
C1 20-50 153 458 378 CL 75 057 0.82 0.07 11.7 29 1272 342 303 22 17 14
C2 5090 27.1 401 319 CL 76 051 -- -- - 36 744 285 251 2 11 1
Profile 3
Ap 0-18 316 382 29 CL 73 055151012 126 1 1137 264 205 2.7 25 1.9
C1 18-55 26.8 40.7 326 CL 75 05 0.77 0.07 11 22 952 287 24 21 2 17
C2 55-100 32.2 368 303 CL 76 042 -- -- -—- 34 548 251 213 2 1515
(continued)
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Table 5 (continued)
Profile 4

Ap 0-25 279 415 292 CL 7.5 068 195 0.15 13 2 14.07 271 209 29 22 18

C1 25-60 20 462 327 CL 7.6 0.61 0.91 0.09 101 28 11.25 293 244 26 18 14

C2 60-95 30.3 384 305 CL 7.7 054 -- -- -- 35 811 26 223 25 14 12
Profile 5

Ap 020 293 371 32 CL 7.4 059 173 0.14 123 17 1562 283 227 27 21 17

C1 20-60 21 409 368 CL 7.5 052 0.87 0.08 109 25 1247 314 268 24 17 16

C2 60-85 316 367 307 CL 7.6 043 -- -- -—- 32 939 258 222 23 12 1
Profile 6

Ap 0-15 247 398 342 CL 7.3 0.71 161 0.12 134 1 1035 221 158 29 24 19

C1 15-55 17 445 375 CL 7.5 0.64 087 0.07 124 21 85 255 202 27 19 16

C2 55-90 274 417 301 CL 76 05 -- -- -—- 36 473 213 168 25 15 14
Profile 7

Ap 0-25 303 397 288 CL 7.5 058 187 0.16 11.7 27 1328 254 20 26 2 16

C1 25-65 228 432 331 CL 7.6 053 0.94 0.09 104 35 1045 29 244 23 16 15

Cc2 65-105 27.1 415 307 CL 7.7 045 -- -— - 4 619 265 227 21 12 12
Profile 8

Ap 020 291 381 315 CL 7.3 055 158 0.12 132 16 15.12 282 221 28 23 19

C1 20-40 204 427 358 CL 7.4 048 07 006 11.7 29 114 327 277 24 19 15

C2 40-85 256 402 332 CL 75 04 -- -- - 37 728 299 259 2 15 13
Profile9

Ap 0-18 249 409 327 CL 7.4 067 177 014 126 21 1234 29 234 27 2 17

C1 18-50 156 46.7 365 CL 7.5 059 0.88 0.08 11 32 10.71 334 286 25 1.7 15

C2 50-80 26.2 415 313 CL 76 055 --- -—- -—- 44 658 272 232 24 12 12
Profile 10

Ap 0-20 258 428 301 CL 7.3 0.74 191 0.15 127 12 1155 26.7 204 29 24 19

C1 20-60 171 474 344 CL 7.4 065 0.72 006 12 19 9.03 301 247 26 19 17

C2 60-80 306 40 285 CL 75 057 -- --- -—- 28 517 246 208 21 16 1

Statistical
Values -- —- - -—- 0.1 007 047 006 32 11 21 52 04 04 04 02
LSD 95%

verted to colloidal suspension form in the Nilufer River,
in this form they will still be transported to the soil
profiles via irrigation water, and accumulate in the soil.
The heavy metal pollution problem has been reported
for irrigated Fluvisols with the Nilufer River in the east-
ern side of the plain by Aydinalp and Marinova (2003),
Aydinalp and Cresser (2005) and Aydinalp et al.
(2005). These soils are also under intensive agricul-

tural practices by farmers in the region. The current
irrigation practices were caused soil pollution and
possibly would be heavy metal accumulation in the
crops, which would cause human health risk as well.

The some physical and chemical properties of the
non-irrigated soils are presented in Tables 5, 6 and 7.
For non-irrigated soils, the soils texture clay loamin
all the soil profiles. Clay contents of the non-irrigated
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Table 6
Total metal concentrations of the non-irrigated alluvial profiles
Horizon Depth. Metal concentration. mg kg-1

(FAO/Unesco) cm Fe | mMn| zn|culcd]cofl cr| Ni[ pb
Profile 1

Ap 0-15 19.646.000 1100 120.3 77.12 0.43 2.95 65.81 86.82 8.56

C1 15-40 17.291.000 816 77.53 63.04 0.35 2.66 43.93 80.15 8.21

C2 40-80 15.512.000 729 61.76 54.25 0.26 2.41 36.72 71.93 8.03
Profile 2

Ap 0-20 20.711.000 1017 204.9 64.51 04 2.64 58.79 106.7 8.29

C1 20-50 18.945.000 898 160.1 55.91 0.36 2.45 36.28 98.35 7.93

C2 50-90 13.687.000 759 95.84 46.15 0.35 2.4 29.3 9227 7.84
Profile 3

Ap 0-18 14.850.000 1048 149.7 71.63 0.52 2.67 66.51 114.6 8.44

C1 18-55 10.535.000 845 65.3 57.3 0.33 2.42 51.62 95.48 8.27

C2 55-100 6.961.000 729 49.42 53.94 0.24 2.37 45.19 89.12 8.05
Profile 4

Ap 0-25 16.302.000 1066 131.9 54.46 0.55 3.04 80.32 101.5 8.29

C1 25-60 12.954.000 953 66.73 355 0.45 2.49 659 93.38 7.96

C2 60-95 10.407.000 857 55.09 19.32 0.37 2.42 51.34 88.57 7.88
Profile 5

Ap 0-20 20.038.000 895 171.3 67.41 0.72 3.52 65.98 99.03 9.55

C1 20-60 16.553.000 730 136.3 41.63 0.46 3.14 44.11 91.52 9.19

C2 60-85 11.596.000 564 117.7 36.57 0.45 2.72 29.32 84.69 9.1
Profile 6

Ap 0-15 20.991.000 787 200.4 89.12 0.45 2.39 59.22 98.45 7.65

C1 15-55 15.795.000 661 152.1 62.65 04 1.95 37.12 86.68 7.23

C2 55-90 10.714.000 590 149.3 45.86 0.32 1.76 29.74 77.21 7.2
Profile 7

Ap 0-25 20.139.000 1027 96.92 89.8 0.41 2.24 59.85 91.37 7.32

C1 25-65 17.842.000 935 67.69 68.97 0.31 1.95 44.71 85.68 7.09

C2 65-105  13.457.000 773 58.71 56.99 0.28 1.58 38.19 67.49 6.99
Profile 8

Ap 0-20 15.118.000 1102 1325 57.84 0.33 2.39 67.46 85.12 7.33

C1 20-40 13.681.000 1025 86.98 33.55 0.29 2.09 44.78 76.53 7.08

C2 40-85 7.919.000 938 68.54 26.74 0.28 1.72 37.25 70.82 6.95
Profile 9

Ap 0-18 18.727.000 1070 111.7 63.38 0.51 2.66 59.22 106.3 8.48

C1 18-50 15.208.000 942 74.25 45.39 0.35 2.27 52.84 97.85 8.12

C2 50-80 6.135.000 826 629 37.2 0.31 2.11 38.13 91.18 7.93

(continued)
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Table 6 (continued)

Profile 10
Ap 0-20 17.512.000 881 179.2 57.12 0.43 2.63 52.95 101.4 7.89
C1 20-60 11.745.000 615 1425 38.08 0.35 2.2 389 90.04 7.75
C2 60-80 9.218.000 492 1113 26.53 03 1.89 2246 83.8 7.58
Statistical Values
LSD 95% 5791 318 638 234 16 46 226 744 0.9
Table 7
DTPA-extractable some metal concentrations of non-irrigated alluvial soil profiles
Horizon Depth Metal concentration, mg,kg™
(FAO/ om ’ P
Unesco) Fe [ mMn] zn]Jcu] cd]| cofl cr | Ni[ Pb
Profile 1
Ap 0-15 6.87 728 165 7.83 009 01 009 0.52 0.84
C1l 15-40 6.02 541 1.03 6.91 007 0.09 006 048 0.8
C2 40-80 5.35 48 081 602 006 008 005 043 0.78
Profile 2
Ap 0-20 7.18 6.72 2.7 6.97 008 0.09 008 0.65 0.81
C1 20-50 6.53 596 213 565 007 0.08 005 06 0.77
C2 50-90 4.7 502 1.28 411 007 0.07 004 056 0.76
Profile 3
Ap 0-18 5.08 691 192 6.52 0.09 0.09 009 0.71 0.93
C1 18-55 3.63 557 0.85 588 006 0.07 007 059 0.9
C2 55-100 2.07 48 0.63 501 0.05 0.06 0.06 0.55 0.88
Profile 4
Ap 0-25 5.72 7.01 181 597 01 01 011 062 0.9
C1l 25-60 451 6.27 0.93 4.08 0.08 0.08 009 0.57 0.87
C2 60-95 3.65 563 0.75 215 007 0.07 007 054 0.86
Profile 5
Ap 0-20 6.92 59 227 6.2 012 0.11 009 0.6 0.9
C1l 20-60 5.77 481 184 451 009 01 006 055 0091
C2 60-85 3.95 37 16 308 0.08 009 004 051 09
Profile 6
Ap 0-15 7.42 517 251 7.45 009 0.08 0.08 0.58 0.82
C1l 15-55 5.58 434 195 503 0.08 0.07 005 051 0.79
C2 55-90 3.71 3.88 1.83 429 007 0.06 004 0.46 0.78
Profile 7
Ap 0-25 7.03 6.72 1.17 7.21 0.08 0.07 008 0.55 0.79
C1 25-65 6.22 591 0.83 6.74 006 0.06 006 051 0.76
C2 65-105 4.68 505 0.7 493 005 0.05 005 04 074

(continued)
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Table 7 (continued)

Profile 8
Ap 0-20 5.15 72 156 58 008 0.08 009 051 0.7
C1 20-40 4.64 6.71 103 3.75 0.07 0.07 006 0.46 0.67
C2 40-85 2.73 6.13 0.82 251 007 0.06 005 0.42 0.65
Profile 9
Ap 0-18 6.48 705 138 6.63 009 0.09 008 0.63 0.73
C1 18-50 5.24 6.18 0.91 519 0.07 0.08 007 058 0.7
C2 50-80 2.05 543 0.75 3.45 006 0.07 0.05 0.54 0.69
Profile 10
Ap 0-20 6.21 577 23 508 008 0.08 007 06 0.75
C1 20-60 4.05 403 1.79 3.62 0.07 0.07 005 053 0.73
C2 60-80 3.18 321 141 27 006 006 003 049 071
Statistical Values
LSD 95% 1.77 204 094 235 023 0.12 0.03 0.07 0.07

soils were significantly higher than the irrigated soils
and ranged from 28.1 to 37.8%, increasing with depth
inthe C1 horizon. The pH values of soils varied from
7.3t0 7.7 and increased with depth. The organic car-
bon and total nitrogen values ranged from 0.70 to
1.95% and from 0.06 to 0.15% respectively, and
decreased with depth. Soil C/N ratios varied from
10.1t0 13.4. EC values ranged from 0.40t0 0.74 dS
m™ and decreased with depth. EC values were higher
in the irrigated soils. The CaCO, content of soils var-
ied from 1.0 to 4.4% and increased with depth. The
available phosphorus values ranged from 4.73 to
15.62 mg kg and values increased with depth. The
CEC values of soils varied from 21.3 to 34.2 cmol
(+) kg and values increased with depth. Exchange-
able Ca and Mg values ranged from 15.8 to 30.3
cmol (+) kg and from 2.0 to 2.9 cmol (+) kg re-
spectively. K and Na varied from 1.1 to 2.5 cmol (+)
kg'and from 1.0 to 1.9 cmol (+) kg™'. Base satura-
tion was 100% throughout the all profiles, due to the
alkaline parent material and climate.

The distributions of total Fe, Mn, Zn, Cu, Cd, Co,
Cr, Ni, and Pb concentrations for non-irrigated soils
are present in Table 6. The concentration of Fe var-
ied from 6,135.000 to 20,991.000 mg kg, Mn from
492 to 1100 mg kg™, Zn from 49.42 to 204.91 mg
kg, and Cu from 19.32 t0 89.80 mg kg". Cd ranged

from 0.24t0 0.72 mg kg, Co from 1.58 to 3.52 mg
kg, and Cr from 22.46 to 80.32 mg kg™. Ni varied
from 67.49 to 114.63 mg kg and Pb from 6.95 to
9.55 mg kg

The DTPA extractable Fe, Mn, Zn, Cu, Cd, Co,
Cr, Ni, and Pb concentrations are presented in Table
7. The values of Fe ranged from 2.07 to 7.42 mg
kg', Mn from 3.21to 7.28 mg kg, Zn from 0.63 to
2.70 mg kg, and Cu from 2.15 to 7.83 mg kg". Cd
varied from 0.06 to 0.12 mg kg, Co from 0.05 to
0.11 mg kg™, Crfrom 0.03 to 0.11 mg kg. The val-
ues of Ni and Pb varied from 0.40 to 0.71 mg kg
and from 0.65 to 0.95 mg kg respectively.

The irrigated soils had significantly higher silt con-
tent than non-irrigated soils. The CEC values were
lower in the irrigated sites, which related with lower
clay and organic matter content of the soils. The irri-
gation was affected EC values of the irrigated sites
and had higher values than non-irrigated sites. The
obtained results indicated that irrigation was affected
total and DTPA-extractable element contents of the
irrigated sites and caused heavy metal pollution in the
studied area.

The concentration total and DTPA-extractable el-
ements for non-irrigated sites decreased gradually with
depth. The surface horizons had higher concentrations
than the lower horizons. The profile distribution of total
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and DTPA-extractable elements reflects their asso-
ciation with soil process and maturity of soil profiles.
Variation in distribution of elements with depth indi-
cates that pedogenic processes and parent materials
control total content, and biological processes affect
DTPA-extractable content.

Conclusions

The results of research indicated that industrial
wastewater and city sewage effluents pollute the
Nilufer River. This unique irrigation water source has
been using continuous irrigation in the agricultural land
of the study area for couple of decades. This continu-
ous surface irrigation affected irrigated soils and caused
heavy metal pollution. The results of total and DTPA-
extractable Cd, Co, Cr, Cu, Fe, Mn, Ni, Pband Zn
showed that irrigated soils were polluted with these
metals. Using this polluted irrigation water would cause
increasing heavy metals in these agricultural soils un-
der the semi-arid climate of this region. The total and
DTPA-extractable Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb
and Zn values for non-irrigated soils were lower than
the irrigated sites. The concentrations of heavy metals
were in low to moderate levels due to using fertilizer,
pesticides intensively and possible atmospheric depo-
sition, which was caused by air pollution. The using
coals for some heating system, heavy traffic and in-
dustrial gas effluents have been causing air pollution in
the region. This problem could affect environment of
the region.
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