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ABSTRACT

A study was conducted to evaluate the quality of Diyala River water with some heavy metals (Pb, Cu,
Ni, Cd), Boron and their effect on pollution of agricultural soil surrounding river that is irrigated with
river water. Nine areas located on river within Al-Jisr district of Al-Madain district, southeast of
Baghdad Governorate / Iraq, were selected, namely Umm Al-Ubaid, Al-Uwaija, Al-Khafaji, Al-
Kargouliya, Jurf Al-Naddaf, Al-Samadiyah, Abu Thila, Al-Arifiyah, Al-Tuwaitha, and northern
shores of Salman Pak, for comparison purposes. Water samples were taken for three months during
summer (June, July, and August) and three months during the winter (January, February, and
March) of 2024, and average values for two seasons were taken. Soil samples were collected from
agricultural soils adjacent to the river in above-mentioned areas at same time that water samples were
taken. Results indicated a difference in chemical properties of studied water and soil during two
seasons, as highest values for electrical conductivity, soil reaction, cataions and anaions dissolved,
heavy metals ions and boron were in summer season compared to winter season in all sites, highest
values were in Tuwaitha region. Water category was most dangerous in Al-Tuwaitha area CsS; low-
sodium high-salinity according to USDA system, while its classification was a severe problem and an
increasing problem for two areas above, according to FAO system. Concentrations of Lead, Cadmium,
Nickel and Copper exceeded permissible limits for irrigation water in both seasons for all sites except
northern Salman Pak beaches (comparison). All agricultural soils are contaminated with Cadmium,
not contaminated with Lead and Copper.
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INTRODUCTION

Water is the main factor in sustaining life on
surface of globe. It is also one of most
important resorses that must be provided and
preserved. Verma et. al, (39) indicated that
freshwater is most important water for various
human activities, including drinking and
irrigation, as well as other ecosystem
processes. Need of societies increases as their
progress increases and at same time water
pollution  increases.  This leads to
endangerment of ecosystems (19). Quality of
water used in irrigation plays an important role
in influencing properties of soil and thus
affecting growth of productivity of crops in
terms of quantity and quality. Importance of
studying quality of irrigation water lies in fact
that it contains different concentrations of
dissolved salts, regardless of its sources and
various pollutants that cause many problems
for irrigated agriculture as a result of
accumulation of salts and pollutants in soil that
comes from irrigation water, so knowing
quality of water and degree of its
contamination with different pollutants is very
important to indicate suitability of this water
for irrigation , as it is likely to cause toxicity to
plants and agricultural crops when irrigation,
in addition to its harmful effect on physical
and chemical properties of agricultural soil
(16,21). Most  complex  environmental
problems and most difficult to solve is
problem of pollution of river water with heavy
metals resulting from dumping waste and
factory waste in water and the use of
agricultural pesticides and chemical fertilizers
(2, 36, 37). Al-Mashri et al, and Arji‘ah (6,10)
showed temporal and spatial changes in
physical and chemical factors of river water in
Iraq, including Euphrates River, based on total
pollution index. Musa (26) showed that liquid
and solid waste products discharged to surface
water of various types (sewage, industrial
waste and agricultural pollutants) are the main
cause of water pollution. Wang et al, (40)
explained waste water and industrial water
lead to a significant increase in most of
determinants of environmental danger, due to
low level of water in all rivers in Iraqi cities,
which leads to an increase in concentration of
environmental determinants. Salman and
Hussain (33) indicated that most of rivers and
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streams in Diyala Governorate suffer from
high rates of environmental pollution due to
several factors, most notably negligence of
citizens and violations of many service
departments that dispose of their waste directly
into the rivers. Chyad et al,; Milad
et.al,;Hameed and Naser (13,17, 25) indicated
that the cause of pollution of water resources
with heavy metals is due to growth of various
industries and industries and resulting
chemical residues, toxins and environmentally
hazardous waste, as well as great expansion in
use of agricultural pesticides, Al-Mayah and
Rabee (5) said that most of Irag's rivers,
including Gharraf River, are currently
suffering from water scarcity and pollution
problems, as is case with rest of rivers in Iraq.
Khuwaidam (22) was shown that increase in
concentration of some heavy metals in waters
of Diyala River may be attributed to dumping
of sewage and household waste directly into
river. Naser and Saleh (28) explain that
irrigation with polluted water of Diyala River
has led to deterioration of agricultural soils
scattered around it, which are irrigated with
river water. Heavy metals are one of most
dangerous pollutants to environment, and their
danger increases when they remain or undergo
any chemical changes and lead to
contamination of plants, vegetables and fruits
eaten by humans, which negatively affects his
health (35). Abbas et al, (1) explained that
highest concentration of lead and cadmium is
found in gills and muscles of fish living in
water polluted with heavy metals and
accumulates in metabolic organs, including
liver and kidneys, of humans when they feed
on them. Saleh (32) explained that Heavy
metals such as Lead, Cadmium and Nickel are
among most dangerous pollutants for soil and
water, and most important sources of this
pollution are factory waste and waste, cars
exhaust, fuel combustion, thus productivity of
agricultural crops decreases as a result of poor
soil quality. Research aims to assess quality of
Diyala River water, to indicate its suitability
for irrigation purposes and its contamination
with some heavy metals (Pb, Cu, Ni, Cd) and
Boron and its effect on pollution of
agricultural soils adjacent to river which
irrigated with its water.
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MATERIALS AND METHODS

Study was conducted in Al-Jisr sub-district,
which is one of sub-districts of Mada’in
district, located in southeast of Baghdad / Iraq
at confluence of Diyala River with Tigris
River, 30 km away, while district is 10 km
away from district Within latitudes 33°-00' to
33°-28' and length 44°-21' to 44°-43', it is
surrounded by Diyala Governorate from north
and northeast, Rusafa District - Baghdad from
northwest and Wasit Governorate from south
and southeast. sub-district includes nine
provinces, which are shown in Figure 1, all of
which are located on Diyala River, and they
are:- Umm Al-Ubaid, Al-Awija, Al-Khafaji
(planted with grains and vegetables), Al-Kargo
Leh, Jurf Al-Naddaf, Al-Samadiah, Abu
Thaila, Al-Arifiah and Al-Tuwaitha. Province
of northern beaches of Salman Pak, which is
located on Tigris River after its confluence
with Diyala River, was taken for purpose of
comparison (planted with vegetables, palm
orchards and citrus trees). Total area on both
sides of bridge is 157,323 km?. Water samples
were taken for three months during summer,
which is June, July and August for year 2023,
and for three months during winter, which are
January, February and March for year 2024,
average values were taken for summer and
winter. Water samples were placed in plastic
bottles made of polyethylene with a capacity
of one liter, after washing them with distilled
water and contaminating them with river water
several times. Then they were filled with river
water and drops of toluen material were added
to them to prevent bacterial growth and kept in
refrigerator until conducting required chemical
analyses. Soil samples were collected from
agricultural soils adjacent to river in above-
mentioned provinces, which are irrigated with
river water, and for same periods of time
referred to above when taking water samples.
Chemical properties of water and soil were
estimated according to methods given in
APHA,; Black et.al,; Richards (10,13 , 31).
Concentration of heavy metals in soil and
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water was measured in an atomic absorption
spectrophotometry  (AAS) according to
methods mentioned in (10), as heavy metals
were extracted from the soil using chelating
compound (ATPA) (Diethylene Triamine
Penta acetic Acid) according to method of
Norvall and Lindsay (29). Plant samples were
digested with a mixture of nitric and
pyrochloric concentrated acids in a ratio of 1:2
according to Jones (20). Concentration of
Boron was estimated by colorimetric method
using Carcumin dye. River water was
classified according to the system of the
American Salinity Laboratory (23, 30). Some
mathematical relationships were used to
determine the dangers of each of the Sodium-
Magnesium and salinity inherent in river water
as follows:

1-Soluobile Sodium Percentage (SPP):

SSP (%)= (Na" )/( Ca™ + Mg**+ Na* + K*)
x 100

If  SSP value exceeds 60%,
considered unfit for irrigation (23)
2- Sodium adsorption ratio (SAR):
SAR = (Na" )/( Ca™ + Mg*?/2 ) ~0°
Since:

Na: sodium concentration (meq L™)
Ca + Mg : the concentration of Calcium and
Magnesium (meq L™)

3-Danger of Magnesium
according to following equation :-
Mg (%) = (Mg" )/( Ca™ + Mg"™®)
If percentage exceeds 50%, then this water
causes plant damage (23)

Latent salinity:

4-Calculated from following equation :-
Latent salinity (meq L) = Chloride ion
concentration + 1/2 Sulfate ion concentration.
If value of 5-20 water is suitable for soils with
good permeability, and from 3 - 15, then water
is suitable for soils with medium permeability,
and from 3 - 7, water is suitable for soils with
low permeability (15).

5-'1rotal amount of dissolved solids (TDS) (mg
L™).

TDS (mgL™)= 640 x EC (dS.m™).

water is

determined
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Figure 1. Map of study area ( Scale: 1:10000000 )
Source: Republic of Iraq,Ministry of water resources,Directorate of public survey.2020. Program outputs-Arc.

Map 10.4.1

RESULTS AND DISCUSSION

Chemical properties of irrigation water
Results of Tables (1) and (2) indicate that there
are differences in chemical properties of
Diyala River water used in process of
irrigating agricultural crops in different
provinces for summer and winter , difference
in electrical conductivity value is observed, it
reached ahighest value in Al-Tuwaithah area
3.98 dS m™, while lowest values were in Umm
Al-Obeid area, which amounted to 1.40 dS m
! which is higher than electrical conductivity
value of comparison area (Salman Pak North
beaches), which amounted to 1.12 dS m™ for
summer 2023. Thus, river water is of C4 class
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for regions Al-Khafaji, Al-Kargolia, Jurf Al-
Naddaf, Al-Samdia, Al-Arifieh, Buthila and
Al-Tuwaitha If they are 2.52, 2.88, 3.21, 3.69,
3.40, 3.80 and 3.98 dS m™ respectively, they
are prohibited, for agricultural use (4, 11). It
is noted that lower values of electrical
conductivity of Diyala River water in studied
areas for winter 2024 may be due to high
temperatures in summer months, which leads
to an increase in water evaporation and thus
increases concentration of salts, so values rise
compared to low temperature winter months,
in addition to increase water dilution in winter
due to rainfall, this is consistent with
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Table 1. Average of some chemical characteristics of Diyala River water in summer 2023

Northern Al- Al-
I . beaches of - Abu Al- Al- Jurf Al- . Al- . Umm Al-
Adiective UMt “saiman TR hila  Arifiah  Samadiah  Naddaf U9 khafaji AAYI2 T Typaid
Pak
dsSm’
EC 1 112 3.98 3.80 3.40 3.69 3.21 2.88 2.52 2.10 1.40
pH e 7.55 7.52 7.77 7.63 7.47 7.35 7.40 7.65 7.38 7.75
Ca 4,90 15.90 14.90 13.80 14.49 13.90 11.50 10.30 9.70 6.90
Mg 2.70 12.50 11.90 10.10 11.60 10.80 9.80 8.60 6.30 3.50
Na 2.80 9.60 9.00 8.90 8.60 7.00 6.30 5.40 4,70 2.50
K meq| 0.18 1.90 1.60 1.20 1.38 1.25 114 1.01 0.89 0.52
Cl 1 8.20 38.83 31.50 25.81 28.17 24.90 21.56 19.21 16.82 10.50
HCO;3 1.20 2.90 2.80 2.70 2.30 2.10 1.80 1.70 1.50 1.30
COs; Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
SO, 1.03 4.47 4.37 3.62 4.18 3.70 3.10 2.92 2.87 1.60
TDS mgl'1 716.80 1547.20 2432.00 2176.00 2361.10 2054.40 1843.20 1612.80 1344.00 896
NO; mgl™* 0.82 2,51 231 2.08 1.87 1.56 1.33 1.18 0.98 0.60
Boron mgl™? 0.18 1.20 0.92 0.84 0.77 0.69 0.58 0.47 0.39 0.31
SSP % 25.73 24.36 23.87 26.17 25.24 21.24 21.92 21.33 21.76 18.62
SAR 1.01 2.55 2.45 1.82 1.68 141 1.36 1.24 117 0.77
Mg % 35.52 44.01 44.40 42.25 44.46 43.72 46.00 45.50 39.37 33.65
Danger
;;fﬂ; meql 8.71 41.06 33.68 25.81 30.26 26.75 23.31 20.67 18.25 11.30
W?thll')%\/pe CaS: CsS: CsS: CsSy CsS: CsSy CsS, CsSy CaSy CaSy
Water type increase severe severe severe severe severe increase  increase  increase  increase
FAO problem problem  problem  problem problem  problem problem  problem  problem  problem

what was shown by Al-Mayah and Rabee;
(5), who explained that temperatures are low
in early morning, then rise in middle of day in
summer and decrease in winter, thus, waters of
Diyala River are classified in areas of Jurf Al-
Naddaf, Samadiya, Al-Arifieh and Abu Theila
it is prohibited to use for irrigation purposes,
as electrical conductivity values are 2.40, 2.93,
3.11 and 3.32 dS m™, as it reached highest
value At Al-Tuwaithah area 3.42 dS m* |
lowest value in Umm al-Ubaid area is 1.10 dS
m?, which is higher than that in northern
Salman Pak beaches area, which was 1.03 dS
m?, this may be due to dilution of
concentrations of salts in waters of Diyala
River at its confluence with Tigris River,
which has a lower concentration of salts. pH
values of water ranged between lowest value
in Jurf Al-Naddaf area, which amounted to
7.35 and highest value in Abu Theila area,
which amounted to 7.77, while in beaches area
Salman Pak it was 7.55 for summer, all of
which are considered neutral, and it rose
slightly in winter, ranging from 7.37 at Al-
Avrifiah to 7.85 At Abu Thila area, while it was
7.60 at northern beaches of Salman Pak, all of

them are neutral, slightly slanted to basal, and
all are considered within permissible levels in
systems for classifying water for agricultural
purposes (31). Total dissolved solids, ranged
from 886 mg L™ in Umm Al-Ubaid area to
2547.2 mg L at Al-Tuwaitha area, while it
was 716.8 mg L' at northern beaches of
Salman Pak for summer, and ranged between
704 mg L™ at Umm Al-Obeid area reached
2188.8 mg L™ in Al-Tuwaitha area, while it
reached 659.2 mg L™ at northern beaches of
Salman Pak, values of winter have decreased
compared to summer. It is noted that most of
values are relatively high, natural sources of
dissolved solids in water come from dredging
of rainwater, torrents and human, agricultural
and industrial waste, as water is a good solvent
for salts (38). Concentrations of dissolved ions
in river water changed between summer and
winter. Concentrations of dissolved Calcium
ranged from 6.9 meq L™ in Umm Al-Ubaid
area to 15.9 meq L™ at Al-Tuwaitha area,
while it was 4.9 meq L™ in northern beaches of
Salman Pak in summer and slightly decreased
in winter as a result of dilution with rain
water,
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Table 2. Average of some chemical characteristics of Diyala River water in winter 2024

Norther
R Al- Umm
o . beaches Al- Abu Al- Al- Jurf Al- ) Al- Al-
Adjective  Unit =51 Tuwaith — pin Arifiah Samadiah  Naddaf K9 wnaeii 0 Awia A
a ya Ubaid
Salman
Pak
dsm’
EC ) 1.03 3.42 3.32 3.11 2.93 2.40 2.16 2.10 1.88 1.10
pH 7.60 7.52 7.85 7.37 7.47 7.40 7.45 7.63 7.52 7.48
Ca 4.00 14.70 14.50 12.40 12.20 8.80 8.70 8.90 8.20 4.80
Mg 2.50 10.20 10.00 8.80 9.80 8.90 5.80 7.30 5.40 2.80
Na 2.40 7.80 7.10 7.90 6.00 6.70 5.30 4.10 4.40 2.01
K meg| 0.40 1.40 1.20 1.10 1.30 1.10 1.00 0.90 0.50 0.26
-1
cl 2.10 26.91 25.91 23.70 22.37 19.13 16.92 17.71 14.60 8.25
HCO; 7.90 2.60 2.50 2.40 2.00 1.80 1.70 1.40 1.20 1.10
CO; Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
SO, 1.00 3.50 3.36 3.12 3.91 2.50 2.22 2.31 2.10 1.32
-1
TDS mgl 659.20  2188.80  2124.80  1990.40 1875.20 1536.00 138240 134400  1203.2 7.04
-1
NO; mgl 0.43 2.00 1.86 1.89 1.62 1.42 1.26 1.10 0.90 0.52
-1
Boron ™M 0.11 0.78 0.63 055 050 0.46 0.42 0.34 0.27 0.20
SSP % 25.80 22.87 22.27 26.15 20.47 26.27 25.24 19.34 23.78 20.78
SAR 0.94 2.21 2.02 1.71 1.28 1.59 1.38 1.02 1.19 0.73
Mg % 38.46 40.96 40.80 4150 4454 50.28 39.45 45.06 39.70 37.83
Danger
;'j‘itrfi':; meal 539 28.66 2759 25.26 24.32 20.38 18.03 18.86 15.65 8.58
Water
type C,S; C,S; Cgsl Cgsl CsSl C3Sl C,S; C,S: C.S, C.S,
USDA
V:/;tgr increase psriﬁg% Sr%\fl;] sreovbelrein increase increase increase increase increase  increase
FA?O problem P P problem problem  problem  problem  problem  problem
Lower temperatures and less evaporation, it winter for all regions, as it is classified

ranged from 4.8 meqL™ at Umm al-Ubaid to
14.7 megL™ at Tuwaitah Umm Al-Ubaid.
Salman Pak North for the summer and
decreased slightly in winter as a result of
mitigation with rain water. The decrease in
temperatures and decrease in evaporation
ranged from 4.8 meq L™ at Umm al-Ubaid to
14.7 meq L™ at Tuwaitah, while it was 4.0 at
northern beaches of Salman Pak. It is noted
that all values exceed permissible limits for
irrigation water according to standard set by
Rhoades et.al, (31). Concentrations of
dissolved Potassium were few, ranging
between 0.52-1.50 meq L™ in summer and
from 0.26-1.4 meq L' in winter, this is
consistent with findings of Al-Nour et.al, (7),
who showed that Potassium concentrations in
Diyala River water ranged between 1.6-12.6
mgL™. values of Sodium adsorption ratio
(SAR) and e percentage of Sodium (SSP) were
below critical limit of 60% (23), therefore,
there is no danger from Sodium when
irrigating with  river water in summer and

according to American salinity laboratory
system of type S1 (30). Results of a water
analysis for two seasons also indicate that
there is no danger to this water due to its
content of Magnesium ions in not exceeding
50% (23) for all regions, except for Jurf Al-
Naddaf area in winter, which amounted to
50.28%, this area is dangerous if used for
irrigation. Results of latent salinity of summer,
it is clear that this water in all regions is not
suitable for irrigation because it exceeds limits
allowed by Don (14) except areas of Umm Al-
Obeid and Al-Awija, where it reached in the
first 11.30 meqL™ , it is valid in soils with
medium permeability, and in second it is 18.25
meqL™, and it is valid in soils with good
permeability, while in winter, it was valid for
irrigation in soils with medium permeability in
Umm al-Ubaid region, where the value
reached 8.58 megl™, while it was valid for
irrigation in soils with good permeability in
Uwaija region, which amounted to 15.65
meqgL™?, it is considered unfit for irrigation in
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all other areas because it exceeds the
permissible limits (14). Sulfate values ranged
in summer between 1.60 - 4.47 meqL™ to 1.32
- 391 meqL? in winter, so that all
performances for both seasons are within
permissible limits for irrigation water amount
4.5 mmol L™(11) , this is consistent with what
was explained by Salwan etal, (34), who
showed that concentration of Sulfates in
waters of Tigris River ranged between 65 -
314 mg L. Chlorides concentrations exceeded
permissible limits according to standard of
Ayers and Westcot (11), which are 4 meqL™, it
ranged between 10.5 - 30.50 meqgL™ in
summer to 8.25 - 23.70 meqL ! in winter, thus
they are not allowed for irrigation purposes, as
they cause major problems for soil and plants.
Increase in Chloride concentrations in river
water may be due to increase in release of
water used in human activities for washing,
cleaning and other sterilization materials,
which contain a high content of Chloride, such
as cleaning powders, into river, this is
consistent with findings of Salwan et.al, (34),
who showed an increase in Chloride
concentration in Tigris River water as a result
of dumping of human activities into river.
Nitrate concentrations were low in both
seasons and did not exceed permissible limits
of Food and Agriculture Organization (15) of
50 mg L™ It is noticed from tables 1 and 2
that the order of dominance of cations as
follows: Calcium > Magnesium > Sodium >
Potassium in waters of Diyala River in
summer and winter, while the order of anaions
was Chloride > Sulfate > Bicarbonate >
Nitrates in summer and winter. It was noted
that there were clear differences in Boron
concentration in river water for different
locations and in two seasons, Its ranged
between 0.31 at Umm Al-Ubaid to 12 mg L™
in summer and slightly decreased in winter,
ranged between 0.2 mg L™ at Umm Al-Ubaid -
0.78 mg L™ at Al-Tawatheh, while it was 0.18-
0.11 mg L™ at northern beaches of Salman Pak
in two seasons, respectively. increase in
Boron concentration at Al-Tuwaitha site may
be due to discharge of heavy water from
official heavy water treatment plant into river
on both sides of river, which may contain high
concentrations of Boron, resulting from adding
different Boron fertilizers to soil, these results

1163

are consistent with Chyad et al, (13) who
indicated, that the disposal of sewage water to
river course leads to an increase in
concentration of dissolved and suspended
solids in water Increase in dissolved cations
and anions concentrations negative and
electrical conductivity in Al-Tuwaithah area is
consistent with what was found by Hussein
(19). When classification water according to
American Salinity Laboratory system, water
falls within category C,S; of medium salinity
with little Sodium at sites Umm Al-Ubaid, Al-
Awija and northern beaches of Salman Pak,
while all other sites fall within category C3S;,
which means high salinity with low sodium,
which leads to an increase in soil salinity when
irrigated in summer, while water was in
category Cs3S; in Jurf Al-Naddaf, Al-
Samdiyah, Al-Arifien, and Abu Theila sites,
while water classification according to Don
(14), is second category, an increase in the
problem in Umm Al-Ubaid, Al-Awija, Al-
Khafaji, Al-Kargoli and northern beaches of
Salman Pak, while all other sites fall within
third row, a severe problem in summer ,but in
winter, sites of Um Al-Obaid Al-Awija Al-
Khafaji, Al-Kargouli, Jurf Al-Samadiah and
north beaches of Salman, fall into second
category, adding to problem, while all other
sites fall into third row with severe problems.
Heavy metals concentration

Results of Tables (3 and 4) show that there are
differences in concentrations of heavy metals
ions dissolved in water in summer and winter.
Lead values ranged from 5.06 mg L™ at Umm
Al-Ubaid to 9.86 mg L™ at Al-Tawetah, which
is very high compared to northern beaches of
Salman Pak in summer. All values exceeded
permissible limits according to World Health
Organization (41), which amounted 0.5 mg L’
! so that daytime water would be
contaminated with Lead in all areas. In winter,
all areas are contaminated with Lead, except
Umm Al-Ubaid and Al-Awija, where
concentrations reached 3.83 and 4.51 mg L™,
respectively, according to classification of
WHO (41), while all sites are contaminated
with Lead according to Iraqi specifications,
whose values ranged between 3.83 - 8.57 mg
L, these results are consistent with findings
of (8), which showed that Lead concentrations
in Tigris water were 0.36 mg L™. Decrease in
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lead concentration in winter season is due to
rise in water levels due to rain in rivers, which
leads to an increase in dilution of heavy metals
concentrations (8, 24). All sites contaminated
with  Cadmium because they exceeded
permissible limits of WHO (40) of 0.01 mg
L™ and the Iraqi specifications of 0.1 mg L™
and for the summer and winter season, as

cadmium concentrations in the summer season
ranged between 0.019-3.17 mg L™and
between 0.04 - 1.7 mg L™ in winter, this is
consistent with what was indicated by Al-
Anbary and Al- Mandalawi (3), who showed
that Cadmium concentrations amounted to
0.021 mgL™ in Tigris River water at borders of
city of Baghdad

Table 3. Concentrations of some heavy metals in Diyala River water in summer 2023

Northern

Heawy . beaches Al- Aou Ak Al- JurfAl- Al- A oA Unm
metals of Salman Tuwaitha Thila  Arifiah  Samadiah  Naddaf Kargouliya faii Awija .
Pak aji Ubaid
Pb 1.98 9.86 9.31 8.77 8.05 7.58 7.13 5.93 5.59 5.06
Cd mgl™ 0.05 3.17 2.50 1.20 0.96 0.75 0.36 0.27 0.02 0.12
Ni 0.08 1.92 1.38 1.26 1.01 0.94 0.80 0.38 0.46 0.27
Cu 0.18 1.03 0.81 0.72 0.65 0.56 0.43 0.35 0.29 0.22

Table 4. Concentrations of some heavy metals in Diyala River water in winter 2024

Northern

Heavy Unit beaches of Al- Abu Al- Al- Jurf Al- Al- Al- Al- Ug;_m
metals Salman Tuwaitha Thila  Arifiah  Samadiah Naddaf Kargouliya Khafaji Awija -
Pak Ubaid

Pb 1.23 8.57 813  7.67 6.86 6.01 5.51 5.11 451 383

Cd e 0001 1.70 110 0.20 0.19 0.52 0.04 0.08 019  0.08

Ni 0.03 1.16 098  0.85 0.78 0.26 0.53 0.36 022 015

Cu 0.09 0.73 059 047 0.33 0.28 0.23 0.19 017 014

Nickel concentrations in summer ranged indicated that waters of Diyala River have

between 0.27-1.92 mg L™ , thus all areas are
considered  contaminated  with  Nickel
according to specifications of WHO (41)
because they exceeded permissible limits of
0.2 mg L™ In winter concentrations ranged
between 0.15-1.16 mg L™, Thus, all areas are
contaminated with Nickel except Umm Al-
Ubaid area, where concentration was 0.15 mg
L? compared to Nickel concentrations in
northern beaches of Salman Pak unpolluted,
where the concentrations were 0.08 and 0.03
mg L™ in summer and winter, respectively. All
water and all regions are considered
contaminated with Copper in two seasons
because it exceeded permissible limits of ( 41)
of 0.2, concentrations in summer ranged
between 0.22 - 1.03 mg L™ and 0.14 — 0.73 mg
L™ in winter it is high compared to copper
concentrations in northern beaches of Salman
Pak, which amounted to 0.18 and 0.09 mg L™
in summer and winter respectively, these
results are consistent with what was shown by
Khuwaidam; Milad et al, (22, 25) who showed
that an increase in concentrations of some
heavy metals in Diyala River water can come
from sewage disposal and household waste
throwing directly into river. Hashim (18)

been greatly affected by the discharges of
Rustumiyah stations into river, which
negatively affects aquatic life on one hand and
agricultural lands on both sides of river on
other hand, as river water is used for irrigation.
Chemical characteristics of study soil

Results of Tables (5 and 6) show average of
some physical and chemical properties of
study soil adjacent to Diyala River, whose
plants are irrigated with river water It is noted
that electrical conductivity values of soil were
high and ranged between 2.36-4.90 dSm™
compared to northern beaches of Salman Pak
which amounted to 1.92 dSm™ in summer, this
is consistent with high electrical conductivity
value of Diyala River water in study area
compared by comparison (Table 1), values
decreased relatively in winter, as it ranged
between 2.0 - 4.21 dSm™ in study soil, while it
reached 1.60 dSm™ in soil of northern beaches
of Salman Pak, this decrease may be due to
decrease in amount of evaporation from water
due to low temperatures in winter and lack of
rain as well, which reduce concentration of
salts in river water (24). Soil reaction ( pH)
values of soil were neutral inclined to basic in
summer and winter, it ranged between 7.46 -
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7.70 and 7.47 - 7.79 for two seasons,
respectively. Irrigation water led to changes in
concentration of dissolved ions in studied soil,
this is consistent with what Al-Hadidi (4)
indicated, which showed an increase in
concentration of dissolved ions in soil as a
result of irrigation with saline water, Calcium
concentrations ranged between 10.6-19.7 meq
L"* compared with soil of northern Salman Pak
beaches, which was 9.8 meq 1™ in summer and
decreased in winter to 9.8-16.8 meqL™
compared to control soil, which was 8.9 meq
L™ . Magnesium concentrations in summer

ranged between 8.0-16.5 meq L™, compared to
control soil, which was 6.8 meq L* it
decreased in winter season reached 6.5-14.5
meq L, while in control soil was 4.3 meq L™.
The same is true for Sodium and Potassium
ions, they reached in summer 12.00 - 1.70 meq
L™ respectively, but in winter, highest values
were 10.3 and 1.3 meq L™, respectively, in
area of Tuwaitha, while it was 2.40 - 0.51 meq
L™ for comparison soil in winter, Na and K
ions decreased to 2.2 and 0.40 meq L™ for two
ions, respectively.

Table 5. Average of some physical and chemical characteristics of study soil in summer 2023

Northern

Al- umm
F . beaches Al- Abu Al- Al- Jurf Al- . Al- Al-
Adjective UMt ofsaiman  Tuwaitha  Thila  Arifian  Samadiah  Naddaf "9 wnaji  Awija e
Pak
EC asm gy 4.90 472 462 411 4.05 3.76 3.11 2.75 2.36
pH 7.33 7.33 7.40 7.66 7.69 7.70 752 7.62 7.50 7.46
Ca 9.80 19.70 18.30 18.32 16.00 15.30 14.00 1210 1190  10.6
Mg 6.80 16.50 16.30 15.60 14.00 13.70 12.60 1110 9.80 8.00
Na meq 2.40 12.00 10.20 11.90 10.20 10.10 9.20 7.20 5.10 420
K L? 051 1.70 1.30 1.00 1.40 1.20 0.98 0.81 0.93 0.91
cl 17.00 36.50 35.80 33.60 31.80 31.70 29.00 2670 2010  17.20
HCO; 1.90 2.98 3.90 3.60 3.10 3.00 2.90 2.70 3.80 3.70
SO, 1.30 9.00 8.80 8.90 1.10 6.10 5.10 3.80 3.60 2.80
Bulk density ng_‘s 1.64 1.66 1.62 1.56 1.49 1.63 1.59 1.60 1.60 1.34
Organic gkg 0.85 0.80 0.60 0.46 0.60 059 0.73 0.80 0.75 0.90
Matters
Carbonate  gkg 4, 28.80 26.60 28.30 27.10 24.20 25.90 2370 2470  23.60
Minerals
Boron l?;% 5.15 27.30 26.10 24.60 20.10 17.30 14.60 1210 9.30 7.20
C.m
CEC ole+ 2010 19.67 18.00 14.20 18.00 18.20 17.90 1490 2290  21.20
kg
Sand 30.00 18.00 18.00 19.00 21.00 16.10 24.00 1710 1630  22.60
silt % 43.10 4100 41.00 52.20 54.80 41.30 44.50 4030 4910  39.20
Clay 27.0 4100 41.00 19.00 24.20 42.60 3150 4260 3460 3820
Texture cL sic sic sicL SiL sic cL sic sicL cL

Increasing of dissolved cations in soil was as
follows: Calcium > Magnesium > Sodium >
Potassium, this is consistent with dominance
of these ions in the irrigation water (Table 1).
For Anions, highest values of Chloride, Sulfate
and Bicarbonate were reached in Al-Tuwaitha
region, 36.50, 9.00 and 2.98 meq L™ in
succession in summer, and decreased in winter
to 32.11, 7.3 and 2.90 meq L™ for ions
successively. Increase in dissolvedcatons and
anions concentration in Al-Tuwaitha area may
be attributed to increase in their concentrations
in irrigation water due to what is thrown from
river stream of sewage. loaded with dissolved
materials and completely untreated salts from

Al-Rustumiya heavy water station , this is
consistent with Hashim (18) which showed
that waters of Diyala River are greatly affected
by discharges of Rustumiyah stations into
river, which negatively affects aquatic life on
one hand and agricultural lands on both sides
of river on other hand, as river water is used
for irrigation. Carbonate minerals quantity
increased in summer compared to winter, its
ranged between 23.6 - 28.8% in summer and
decreased in winter to 21.5 - 28.1%, quantity
increasing of quantity in summer may be
attributed to increase in temperatures and
evaporation of ground water that rises by
capillary property to surface and is loaded with
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Bicarbonate and Carbonate ions, which leads between 5.66 - 17.7 mg kg*, while in
to an increase in its deposition in soil. comparison soil was 3.77 mg kg™. All soils
Concentrations of Boron in soils differed were contaminated with Boron in two seasons
between summer and winter, highest values for exceeding permissible limits by WHO
were in summer, ranging between 7.2-27.3 mg (41), which may be due to different releases of
kg, compared to control soil, which water and pollutants thrown into river.

amounted to 5.15 mg kg™ and in winter ranged
Table 6. Average of some physical and chemical characteristics of study soil in winter 2024

Adjecti ) b’:‘;?hheirgf Al- Abu Al Al- Jurf Al- Al- Al- Al- Ugl‘_m
ve Salman Pak Tuwaitha  Thila  Arifiah Samadiah Naddaf Kargouliya Khafaji Awija Ubaid
EC dSlm' 1.60 421 3.73 4.03 3.77 3.46 3.10 2.70 2.25 2.00
pH 7.50 7.73 7.65 7.78 7.79 7.76 7.62 7.73 7.47 7.56
Ca 8.90 16.80 15.00 16.10 15.00 14.10 13.17 11.90 10.60 9.80
Mg 4.30 14.60 13.10 14.00 12.70 11.40 10.10 9.00 8.11 6.50
Na 2.20 10.30 8.10 10.00 9.10 8.31 7.20 6.00 3.10 2.80
K 0.40 1.30 1.00 0.80 1.00 1.90 0.81 0.60 0.73 0.50
ci meal 14.30 211 220 2080 25,50 27.90 26.10 2250 1730 16.10

HCO; 0.67 2.90 1.80 2.80 2.60 2.80 2.30 2.00 3.00 1.90
SO, 1.10 7.30 6.30 7.60 6.00 3.20 2.90 2.90 2.40 2.00
Bulk gmc

density m? 1.62 1.69 1.63 1.55 147 1.68 1.58 1.56 152 154

Organic

Matters % 0.92 0.87 0.62 0.49 0.66 0.62 0.68 0.87 0.82 1.01

Carbon )

Ml gkg 23.80 2810 2550  27.10 26.10 23.10 25.40 2310 2200 2150
S

Boron ”a%k 3.77 1770 1640  14.80 13.10 10.50 9.60 7.30 6.11 5.66

cm 14.20

CEC ole+ 18.00 17.67 16.50 13.70 17.10 11.80 11.50 14.10 ' 11.20

kg?

sand 30.00 1Boo %0 1900 21.00 16.10 24.00 1710 1630  22.60
sitt 43.10 aoo M0 5220 54.80 41.30 44.50 4030 4910  39.20
Clay 27.00 a0 0 1900 24.20 42.60 31.50 4260 3460 3820

Tef“r sic SicL  SiL  SiC cL sic sicL cL

Heavy metals in soil decrease in Lead concentrations in river water

Results of tables (7 and 8) show variation in in winter (Table 2), it ranged from 62.2 in

concentrations of total heavy metals between Umm Al-Ubaid area to 209.0 mg kg™ in Al-

study soil in  summer and  winter. Tuwaitha, which is high compared to control

Concentrations of Lead in summer ranged soil, which amounted to 51.0 mg kg™. All soils

from 105.2 in Umm Al-Ubaid region to 225 for both seasons are considered not

mg kg? in Al-Tuwaitha compared to control contaminated with Lead, because they did not
soil, which amounted to 68.2 mg kg* In exceed permissible limits of WHO (42), which
winter, it decreased slightly as a result of are from 50 to 300 mg kg™

Table 7. Average total concentrations of heavy metals (mg kg™) in study soils in summer 2023

Norther

n
Heavy .. beaches Ttﬁ/\ll-ait Abu Al- Al- Jurf Al- Al- Al- Al- UKI]_m
metals of h Thila  Arifiah Samadiah Naddaf Kargouliya Khafaji Awija -
Salman a Ubaid

Pak
Pb 68.2 2250 2230 2180 196.0 169.0 142.0 1210 1121 1052
cd mgkg 21 30.6 29.0 25.3 21.0 188 125 9.04 659  5.52

1

Ni 58.6 1450 1390  136.0 122.0 116.0 103.1 91.2 831 787
Cu 9.0 55.0 52.3 46.8 40.2 33.7 24.6 17.2 142 113
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Table 8. Average total concentrations of heavy metals in study soils in winter 2024

Northern

Heavy Unit beaches of Al- Abu Al- Al- Jurf Al- Al- Al- Al- UX;[“
metals Salman Tuwaitha  Thila ~ Arifiah Samadiah Naddaf Kargouliya Khafaji Awija .

Pak Ubaid

Pb 5100  209.00 288 189.00 16900 13800  116.00 9860 7520  62.20
cd 180 19.30 103 549 1520 10.10 7.71 421 390 354

mgkg 0
1

Ni 3020  115.00 123 95.70 90.10 88.10 72.10 6780 5430 41.60

cu 463 50.10 42'6 4010 3500 28.10 19.10 1270 933 663

Cadmium concentrations ranged from 5.52 in
Umm al-Ubaid to 3.06 mg kg™ in Tuwaitha in
summer, which is high compared to control
soil, which amounted to 2.10 mg kg?,
concentrations decreased relatively in winter,
ranging from 3.54 in Umm al-Ubaid to 1.93
mg kg? in Tuwaitha, compared with control
soil, which was 1.8 mg kg™. All soils are
contaminated with Cadmium because they
exceed permissible limits in WHO (42), which
are 1-3 mg kg™*. Nickel concentrations ranged
from 78.7 in Umm al-Ubaid to 145.0 mg kg™
in al-Tuwaitha, which is relatively high
compared to control soil, which reached 58.6
in summer, while concentrations decreased
slightly in winter ranged from 41.6 in Umm al-
Ubaid to 115.0 mg kg™ in Tuwaitha compared
to control soil, which amounted to 30.2 mg kg’
! all areas are contaminated with Nickel in
summer,according to WHO(42) of 30-75 mg
kg™ while areas of Jurf Al-Naddaf, Samadiya,
Al-Arifiya, Abu Thaila and Al-Tuwaitha are
considered to be contaminated with Nickel
only in winter, as they exceed internationally
permissible limits,these results are consistent
with Naik (27), which showed that most
important sources of soil pollution with heavy
metals are industrial sources and various
activities of man. These results are consistent
with  what Hashim (18) showed, who
explained that waters of Diyala River were
greatly affected by discharges of Rustumiyah
stations into river, which negatively affects
aquatic life on one hand and agricultural lands
on both sides of river on other hand, as river
water is used for irrigation. Copper
concentrations in summer ranged between 11.3
in Umm al-Ubaid to 55.0 mg kg in al-
Tuwaitha, which is relatively high compared
to control soil, which amounted to 9.01 mg kg
! while concentrations slightly decreased in
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winter to range between 6.63 mg kg™ in Umm
al-Obeid to 50.1 mg kg™ in Tuwaitha, it is also
high compared to control soil which was 4.63
mg kg™. When comparing these concentrations
with permissible limits of WHO(42) of 50-140
mg kg, all studied soils are not contaminated
with Copper for both seasons.
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