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ABSTRACT

Geochemical analysis were performed in lower subsurface soil samples of 10,20,30 and 40cm depth, collected from seven
regions in the northern Jordan valley. Eighteen descripters (variables) for each sample were used. Among them were metal ions
concentrations, such as Pb, Ti, Co, Zn, Mg, Fe, Na, K, Al, Cu, Si, and Mn. Other variables were pH, EC, and TDS. The soils
in the study area are found to be alkaline since the pH value ranging between 9.2 — 9.5. Location 6 shows the highest TDS value,
that’s 1219.2 ppm. All the locations show high concentration of Pb, ranges between 50 (loc.1) to 150 ppm (loc.6). Zn values
shows high concentration almost in all the locations, 100 (loc.1) to 300 ppm (loc.5 and 7). The Cd concentration very high in
locations, 1,2,3 and 4 with ranges between 4 to 6.9 ppm. Ti concentration ranges between 3700 (loc.5 and 7) to 12300 ppm
(loc.1).The sources of this increase, may be attributed to the water used in irrigation, fertilizers and the different types of pesti-

cides, as indicated by the chemical and regression analysis.
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INTRODUCTION

Soils are considered as a major sink for contaminants,
especially heavy metals, and play an important role in envi-
ronmental cycling to fix many species of heavy metals,
Jaradat (1996).

Jordan Valley is a strip of 535 Km? located west of
Jordan and divided into northern Jordan valley and southern
Jordan Valley. Out of this, total rain fed annual cultivation is
110 Km® and irrigated annual cropping is 320 Km? (1). In
recent decades there has been a radical evolution in agronom-

ic practices in many regions of the world associated with

studied the behaviour and distribution of heavy metals in soils
and in river basins. Coudela (1991)" used statistical methods,
such as Mulitvariate analysis to find the correlation between
physical variables and chemical variables, and stated that, the
agricultural activation along the years have produced an
important determination of soil and water. Salman and Abu-
Rukah (1999)" determined the extent of pollution in the soil
in northern Jordan from industries and waste treatment plants
and found correlation and similarities between different sam-
ples at different variables.

_ Abu-Rukah (1998)' concluded in his study that the main

attempts to increase agricultural productivity. Jordan 7\Taﬁf " sources of soil pollution in northern Jordan are pesticides,

could be considered as one of these regions where irrigated
croplands have been the traditional agriculture of the area.
However of late sixties intensive crops have been established

producing more than two harvests per year. In general, Jordan

is a small country with a limited agricultural land and water’

resources. Despite of this fact, this part of the country can be
considered as one of the most important areas of the agricul-
tural production. The farmers in this area rely heavily on dif-
ferent types of chemicals in their cultivation in order to

increase land productivity. The agricultural production in the

study area mainly consists of vegetables and fruits and most-

ly depends on the irrigation water from King Talal dam, ng

Abdulla Canal, Yarmouk River and Ziglab dam.

The prevailing situation of the area and introduction of
green house technology, with more than two harvests per year
increases pollution with heavy metal and organic compounds
such as pesticides, insecticides, as well as other types of
organic pollution. The use of fertilizers varies from one area
to another but in general, very high quantities of inorganic
fertilizers are added to crop to improve production.
Fertilization practice is to apply up to 700 Kg N/ ha/ year for
various agriculture activities. Moreover, because of the high
temperature and humid conditions induced by irrigation,
crops are subjected to several plagues which can endanger
productivity and necessitate the user of several pesticides.

Forstner (1980?), Forstner and Wittman (1983), and
Ratha and Sahu (1993)* suggested that heavy metals concen-
trations in soils are strongly dependent on the grain size of the
soils. Alloway (1990)° considered soils as a sink for anthro-
pogenic heavy metals. Modak et al (6), Arakel and Haugjun
(7), Ratha and Sahu (1993)*, Chakrapani and Subramaniam
(1993)* Henberg and Bruemmer (1993)° and Cambeir (1994)%
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insecticides, fertilizers and contamination from local indus-
tries (olive oil mills), waste water treatment plants, highways
and fuel industries. The main soil series distinguished in the
study area by Abdul Hadi and Baddwi (1978)" are:

Series 31, which is the major one in the region, almost
characterized by reddish soils with good porosity and perme-
ability, and silt or clay textures. The grains are well developed
and formed on the limestone substratum with a limited
amount of chert. The soils of this series are found in low areas
in which annual precipitation is less than 300 mm.

_ /Seri‘e/s_ 9R, Rocky land with exposed bed rock covering
of [ime/é;one of more than 15% associated with isolated
patéhes of shallow or even deep soils.

The soil temperature regime for the study area of sub-
surface soil is hypothermic (22C°). The annual temperature at
50 cm depth, is more than 22C°. The soil moisture regime is
ustic moisture regime and ustic — aridic transitional moisture
regime, Abu-Ruka (1998)'.

OBJECTIVE

The following objectives are intended to be achieved in
the present study:

1. The study will include the determination of the vari-
ous metal ions concentration in the soils of the agricultural
fields.

2. The study the relationship between the concentration
of the various metals and irrigation water, fertilizers, and pes-
ticides.

3. The determination of major ions (Ca”, Mgﬂ, Na, K,
HCO), CI, SO,”) addition to heavy metals, NO,, NH,, and
PO“.3 in the water samples.

4. To apply the statistical technique (Multiple regression
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analysis) to connect between the various metals and irrigation
water, fertilizers, and pesticides in the agricultural fields in
Jordan Valley.
APPLIED METHOD

Seven subsurface soil samples at 10 cm - 40 cm depth
were collected from agricultural lands, and a total of twenty-
eight samples analyzed, fig (9) the subsurface soil samples, 1,
2, 6 were collected from fruit yard fields, 3, 4 and 5 from veg-
etable fields and sample 7 from banana field. Besides the soil
samples, seven water samples from the water used in irriga-
tion from each location were collected and analyzed. The
total soil samples analyzed were twenty eight. Seven water
samples from each location were collected and analyzed. The
concentration of metal ions in soil was measured by PY-
Unicam SP atomic absorption (AA) Spectrophotometer. Soil
samples (0.2g) was digested with 25% HCI and 2ml of the
solution was further digested with 25% HNOs. From this
solution 2ml was taken and digested with 40% HF. 5ml
Aliquot was displaced in water path for two hours and 50ml
of H:BOs was added. This solution was diluted with 40ml of
distilled water and the AA analysis was performed. Electrical
conductivity (EC) was measured for the soil samples which
were washed by double distilled water. The measurements
were performed with a digital conductivity meter PT1 — 58
serial No. 12588. The pH of the solution of the same samples
was measured using pH meter PT1 — 55 serial No. 12564.

Water samples were collected. Measurements of pH and
electric conductivity (EC) for water samples were conducted
in situ by using portable pH and EC meters. Water samples
were filtered using 0.45 um membrane filter paper and then
subjected to analysis. The determination of potassium, sodi-
um, magnesihm and clacium in the collected water samples
was done by direct aspiration of these samples into atomic
absorption (PYE UNICAM, SPQ, Phillips, atomic absorption
spectrophotometer). SPECRONIC 20000 spectrophotometer
used for the determination of nitrate, ammonia and sulphate.
The titration methods were used for the determination of
chloride by using potassium chromate (K2CrO4) as indicator
and silver nitrate (AgNO3) as titration solution. Bicrabonate
determined by titrating the samples with 0.02 NH2SO4 using
methy] orange as indicator. The total dissolved solids (TDS)
were determined by conductivity measurements. In this
regards the calculation is carried out by using the equation
TDS (mg/l)= EC (uS/cm) x 0.64, (EC is the electric conduc-

tivity).

To study the relationship between the concentration of
various elements and the irrigation water, fertilizers and pes-
ticides, regression analysis was used Weisberg (1985)".

The different types of fertilizers and pesticide used in
the studied agricultural fields with the composition, source of
irrigation, and the water class based on Na% and SAR are
given in table 1.

RESULTS AND DISCUSSION

The concentration of the various metals in the collected
soil samples from the agricultural fields in the study area were
measured in clay fraction (<2um). Clay fraction considered
as a major carriers for both natural and anthropogenic com-
pounds. Many researchers used metals concentrations in the
clay fraction for the assessment of pollution in the soils. The
acidity and alkalinity of soils is deterined by their concentra-
tion H and/or OH™ ions where pH is the negative logarithm
of H™. pH values of the collected subsurface soil samples at
the different depth in the study area range from 9.2 - 9.5,
(Table 2). This shows that, the concentration is exceeding the
normal range. Since the pH is higher than 7.5, the soil in the
study area is considered to be alkaline. The TDS concentra-
tion in the analyzed subsurface soil samples range between
2.66 — 12.19. Location 6 shows higher concentration in TDS.
This increase may be attributed to the King Abdullah dam
water used for irrigation, and to the moniak (NH+)2SO« fertil-
izer which contain 21% nitrogen as well as to the Afugan pes-
ticide type that contains the active component known as
Pyrazomynous as 30% of its total concent. The Afugan pesti-
cide also has Diethyla, methyl, ethoxy carbon and monophos-
phate.

Pb concent clearly shows increase in the concentration
in all the locations, which exceeds the normal limit in table 4.
The concentrations range from 50 ppm (loc.1) to 150 ppm
(loc.6). Cd concentration ranges from 4.0 ppm to 6.9 ppm in
locations 1, 2, 3 and 4. While no concentration in locations 5,
6 and 7, (Table 2). The concentration of Cu, Cr, Co, Zn, and
Ca (the range from 40 — 100 ppm, 40 — 230 ppm, 40 — 100
ppm, 100 — 300 ppm, and 126000 — 243000 ppm respective-
ly) exceeds the permissible limits in all the locations as shown
in (Table 4). Ti concentration range from 3100 pm — 12300
ppm locations 1, 2, 3, 6, and 7 shows higher concentration

which exceeds the permissible limits given in (Table 4); 4600
ppm.
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The conclusion that could be drawn from Table 1, Table
2 and Fig.2, which show the elements, the normal concentra-
tion in the soils and their range in the collected and analysed
subsurface soil samples. The values given in table 4 based on
Mason and Moore study (1982).l6 Almost all the locations
show high concentration in the various metal ions in the soil
of the study area which exceeds the permissible level stated in
Mason Moore (1982).l6 The source of this increase in the var-
ious metal ion concentration could be due to water used in
irrigation, such as King Abdullah Canal King Talal dam,
Yarmouk river and Ziglab dam.

The results of the study are analyzed water samples
from the different sources of irrigation are given in (Table 3).
The increase of major ion concentration in the water samples
attributed to the increasing of anthropogenic effect from agri-
cultural sources, also the natural sources have their contribu-
tion. Sodium and chloride concentration in the analyzed water
samples related to different natural sources besides the
anthropogenic one. The exposed evaporatesand the brakish
water deposites as well as the leaching of salts from salty soils
in part of the study area also the Dead Sea all contributes in
the increasing of sodium and chloride concentration. The
impacts of the wate water North Ghors on the Jordan River
water which is used in the fields irrigation is also another fac-
tor contributing in the chloride concentration increase. The
increase in the pottasium concentration in the analyzed water
samples is probably due to leaching of pottasium contents
from clay of Ghor Kabid, since this contain KO comparing
with MgO and Na:O. The presence of the brackish and hot
water springs in the area is clearly explaining the increase of
HCOs value. The nitrate concentration increases should be
due to the decay of plants. The anthropogenic contribution to
the increase in the concentration of nitrate and ammonia
appears in the forms of animal manures, waste water, fertiliz-
er and pesticides. The increase usage of nitroge fertilization
and manures in the adjacent areas as well as the effects of
man and lifestock’s waste attributes also to the increase in the
NOs and NHs. From the quality classification of water used
for irrigation in the study area, based on Sodium percentage
calculated from the equation defined in Todd ( 1986):l7

% Na = [(Na + K) 100] / (Ca + Mg + Na + K)]
And the equation:

SAR = Na/v/(Ca + Mg/2)
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And its relation to the Electric Conductivity (EC). The results
show that the irrigation water used in location 1, 2, 3, 4, 6, 7
is permissible, while that of location 5 (Ziglab dam) is doubt-
ful. This clearly indicates that the water used in irrigation in
the study area is one of the source of increase in metal ion
concentration in the subsurface soil.

Most of the fields, which used King Talal dam and
Ziglab dam water show an increase in various chemical con-
centrations. Those, which use the Yarmouk River have the
least concentrations (Table 1b). Also the fertilizers used con-
tribute to the pollution of the subsurface soils, which contain
various percentages of Phosphate, Pottasium and Nitrogen.
Pesticides are also another caue of subsurface soil pollution.
Seven different types of pesticides are used in agriculture to
protect crops from various diseases. They contain different
active components, which contribute to the increase of pollu-
tion in the subsurface soil of the study area.

To confirm our conclusion regression analysis was per-
formed to study the rleationship between the various metal
ion concentrations and after descriptors, such as source of
irrigation water, fertilizers, and pesticides. The results of this
analysis are shown in Table (5). * The coefficient of determi-
nation (RZ) is also used to explain the variation of the differ-
ent variable concentrations with regards to the different
sources of pollution. For Exapmple 12% of the variation in
the Pb concentration could be due to fertilizer Urea which
contain 46% Nitrogen (N). Also 99.4% of the EC concentra-
tion variation can be explained, as being due to the source of
irrigation water from King Talal canal and the use of Amonic
(NH4) SO fertilizer containing 36% K, 6% P and 12% N.
The use of pesticide Pyrozone which contain Zinc ethylen
and Diyathogarbmite and Seymezal with 88% viscous sul-
phur content in the increase in EC. Similarly 99.2% of TDS
variation in concentration is due to the King Talal dam water
used in irrigation, the amonic fertilizer (NH+):SO« and pesti-
cide Pyrozone and Seymezal. About 95.7% of the variation in
the Fe concentration in the study area subsurface soils could
be due to Ziglab dam water used in irrigation and urea fertil-
izer with 46% N, and Amonic fertilizer with 21%N. Also the
pesticide Ronatak contains sypermetharium as active compo-
nent, and Trimaltax forte pesticide that contains 20% man-
cozelo, 21% Cu sulphate, 6% Pyussian blue and adjuvants
and inert 52.2%. All these have contributed to increasing the

concentration of Fe to subsurface soils. For other metal ion
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concentrations and disoriplants relationship with the possible
source of pollution (see Table 5).
Conclusions:
The important conclusions could be drawn from the present
study are:
1. The soils are alkaline.
2. Location 6 shows the highest TDS, which exceeds the nor-
mal limit.
3. The Pb and Zn values high in all the locations.
4. Cd value high in locations 1, 2, 3, and 4.
5. Ti concentration is high in locations 5 and 7.

The sources for this increases attributed to the irrigation
water, fertilizers, pesticides, and natural factors such as geo-

logical formations in the area.
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Table 1 : Shows the different types of fertilizers, pesticides and water used in the study area.

A) Fertilizers Composition
K% - P% N%
F1 | Fertilizer 888 8 8 9
F2 | Amonic (NH4)2804 - - 21
F3 | Yona CO(NH2)2 - - 46
F4 | DAP - 46 21
F5 | Amgalon 36 6 12
F6 | EDTA 10 - -
B) Pesticide Composition
Pest]l | Ronatak Sypermetharim
Pest2 | Randup Isopropylamine salt of N- Phosphonomatly 1.
glycine equivalent to glyphosphate
Pest3 | Afugan Diethyla, Methyl, Arthoxylarboni, Dyrazolo,

pyrimid, Thonophosphate, the active
component is Pyrazomnyas.
Pest4 | Trimltox forte Mancozeb, Cu sulphate, Pyussian blue,

Adjvtant and mert.
Pest5 | Pemiltine Curzata, Mancozab, Balonce, materials.
Pest6 | Pyrozne Zinc Athylen, Dayathyograbmito
Pest7 | Seymezal Viscous Sulfer.
C) Source of irrigation Water class based on Na% and SAR
water L
Wi King Talal dam Permissible
w2 King Abdulla Canal Permissible
w3 Ziglab dam Doubtful
w4 Yarmouk river Permissible
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Table 2 : Chemical data for the soil samples in the study area

Sample Depth pH Ec Si Al Mg Ti Fe Pb

us/cm | ppm | ppm | ppm | ppm | ppm | ppm

1 1 920 | 1175 | 476100 | 91000 | 19300 | 11300 | 60000 | 50

1 2 9.17 | 1093 | 465000 | 95000 | 19200 | 12300 | 62000 | 50

1 3 925 | 1205 | 459000 | 100000 | 18700 | 11100 | 64000 | 70

1 4 924 | 1132 | 443000 | 95000 | 17200 | 12000 | 61000 | 70

2 1 9.16 616 | 334000 | 60400 | 16200 | 6600 | 37000 | 120

2 2 9.46 641 | 321000 | 61000 | 19400 | 7000 | 39000 | 70

2 3 9.45 687 | 319000 | 57000 | 16000 | 5700 | 35000 | 70

2 4 9.51 681 | 327000 | 59000 | 16300 | 7600 | 38000 | 70

3 1 9.17 | 1173 | 385000 | 64000 | 13600 | 6600 | 38000 | 110

3 2 930 | 1139 | 375000 | 67000 | 14600 | 6700 | 39000 | 96

3 3 922 | 1130 | 391000 | 70000 | 13700 | 7400 | 40000 | 90

3 4 924 | 1113 | 351700 | 70000 | 12500 | 7000 | 39000 | 80

4 1 9.17 416 | 300000 | 48000 | 15400 | 4200 | 27000 | 70

4 2 9.33 473 | 278000 | 44000 | 14900 | 4000 | 26000 | 90

4 3 939 | 424 | 273000 | 47000 | 15500 | 4100 | 28000 | 40

4 4 9.56 519 | 274000 | 48000 | 15000 | 4000 | 28000 | 80

5 1 922 | 1132 | 280000 | 52000 | 11700 | 4300 | 29000 | 70

5 2 9.36 | 1085 | 294000 | 51000 | 12000 | 4100 | 29000 | 110

5 3 928 | 1110 | 278000 | 48000 | 10800 | 3700 | 28000 | 90

5 4 9.17 | 1117 | 286000 | 50000 | 11400 | 4100 | 28000 | 70

6 1 9.15 | 1849 | 385000 | 73000 | 17200 | 6300 | 40000 | 150

| 6 2 9.18 | 1905 | 394000 | 75000 | 17300 | 6900 | 41000 | 80
6 3 934 | 1874 | 378000 | 78000 | 19200 | 6800 | 46000 [ 50
| 6 4 9.43 | 1880 | 390000 | 83000 | 19800 | 6400 | 47000 | 80
! 7 1 9.23 718 | 370000 | 70000 | 21400 | 6300 | 38000 | 70
} 7 2 | 930 741 | 359000 | 68000 | 20700 | 7200 | 38000 | 50
7 3 9.30 690 | 382000 | 64000 | 21100 | 3700 | 35000 | 90

7 4 9.34 753 | 377000 | 74000 | 19300 | 9700 | 47000 | 80
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Mn Na Cu Cd Cr Co TSD K Zn Ca

ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

1200 8300 90 5.7 170 80 752.0 8800 160 131900
1200 7300 80 4.0 170 100 699.5 8600 100 131000
1100 6200 60 6.9 170 90 771.2 7700 100 126400
1100 6200 80 6.9 170 80 724.5 7700 100 121000
870 5000 80 6.9 - 170 80 394.2 9600 230 202400
900 4600 100 6.9 170 70 410.2 5600 200 218000
760 5300 90 6.9 170 40 439.7 7000 200 224000
900 5600 90 6.9 230 50 435.8 5500 200 208000
900 4700 80 6.9 140 | 80 750.7 4900 200 122500
800 5500 80 6.9 190 50 729.0 6200 200 169000
800 5300 100 6.9 190 50 723.2 4700 200 170100
800 5000 100 6.9 160 50 712.3 22300 200 171000
500 5000 49 6.9 140 50 266.2 41000 200 228000
500 4500 50 6.9 170 50 302.7 8900 200 234000
500 5000 75 0.0 220 50 2714 5100 200 243000
500 4500 80 0.0 410 50 332.4 6000 200 233500
500 3900 40 0.0 220 50 724.5 4200 200 227000
500 5000 80 0.0 200 30 694 .4 4700 200 236000
500 4100 90 0.0 230 50 710.4 8000 300 236000
500 4700 70 0.0 220 50 714.9 9100 200 233300
800 4500 70 0.0 140 60 1183.4 10900 170 137000
800 5300 70 0.0 140 70 1219.2 7300 200 135000
900 6200 60 0.0 170 80 1141.8 7700 200 154000
800 5590 50 0.0 180 70 1203.2 13500 160 149000
800 6100 90 0.0 140 60 459.5 16200 300 159000
800 5300 90 0.0 110 50 474.2 6900 200 | 162400
800 7500 100 0.0 150 60 441.6 11500 200 149000
1000 6400 100 0.0 180 80 481.9 7700 100 126000
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Table 3 : Results for the analyzed water used as source of irrigation in the study area

Area{pH| Ec |TDS| Na | K | Ca | Mg | TH | HCO3 | CI
pus/cm | mg/L | mg/L | mg/L. | mg/L | mg/L | mg/L mg/L mg/L
Al 87| 950 | 60.8 82 7 32 319 | 210 262 |110.0
A2
841 914 58.5 82 7 32 31.8 | 220 260 | 108.5
A3
85| 940 | 60.2 | 86 7 32 | 314 | 200 | 280 | 1075
A4
86| 934 | 60.0 84 7 37 31.4 | 240 280 |106.5
AS 82| 234 [149.0| 204 38 68 514 | 460 400 {390.0
A6
84| 930 59.5 82 7 37 31.1 | 220 260 | 1125
A7
8.6 930 59.5 83 8 37 312 | 210 260 | 1125 b

Cont. table 3 ......

__z — —
SOy NO3 Po43 NH2 Mn Pb Al Zn Fe Cd
mg/L| mg/L | mgL | mg/L
22.7 24.8 0.121 0.68 0.03 0.07 | 025 0.022 0.17 0.016

40.8 24.1 0.110 1.134 0.013 0.05 0.24 0.007 0.15 0.012

50.0 28.8 0.170 | 0.368 0.009 0.00 0.13 0.004 0.03 0.006

64.0 308.0 | 0.140 0.75 0.004 0.03 0.11 0.002 0.07 0.005

34.0 100.3 2.400 7.72 0.274 0.04 0.64 0.008 0.53 0.010

18.9 28.9 0.114 1.20 0.005 0.00 0.03 0.002 0.04 0.000

18.8 26.6 0.078 1.20 0.006 0.00 0.12 0.001 0.06 0.004
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Table 4 : Normal and range concentration of the various metal ions included in the present study.

No | Met Normal Range concentration | Locations shows
al | concentration (ppm) higher concentrations
Tons (ppm) exceeds the .
’ | pemﬁséible limits

1- | Si 273000 273000 - 476100 1,2,3,5,6,&7

2- | Al 80000 44000 - 100000 1

3- | Mg 15000 10800 - 19800 1,2,6,&7

4- | Ti 4600 3100 - 12300 1,2,3,6,&7

5- | Fe 47200 1

6- | Pb 20 40 - 150 All locations

7- | Mn 850 500 - 1200 1,2,3,&4

8- | Na 9600 3900 - 8300 -

9-1 Cu 45 40 - 100 All locations
10-| Cr 90 110 - 230 All locations
11- | Co 19 40 - 100 All locations
12-1 K 96600 4200 - 22300 -

13- Zn 95 100 - 300 All locations
14-| Ca 22100 126000 - 243000 All locations
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Fig. 1 : Location map of the study area
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