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Abstract

In purpose to know the distribution and concentration of heavy metals (Fe, Pb, Cd, Ni and Co)
in the soil and both the plant leaves and the fruits of Rutaceae Family (Citrus aurantifolia, Citrus
sinensis, Citrus reticulate, Citrus aurantium, Citrus grandis) as well as the leaves and dates of
Phoinix dactylifera (palm) in Baghdad city, they are measured in both of soil and plant samples
which have been collected from 25 sites in Baghdad city. This study was carried on 25 samples of
soil, 47 plant leaf samples, 29 fruit samples as well as 22 palm leaf samples with 5 samples of dates.
The concentration of heavy metals in the soil appeared to be higher than of the natural distribution,
so in the leaves and fruits of plants are also likely. The heavy metals in the plants mainly tend to be
preferentially accumulated within the leaf fraction greater than of the fruits. Heavy metals in the
Baghdad soil, especially Pb, Cd and Co had strongly correlated together and distributed in similar

patterns which may be originated from source of diesel and gasoline fuel.
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Introduction

Generally, nutritional metals do occur
naturally in fruits and vegetables as essential
trace elements needed for good health, but
they could be toxic when their concentrations
exceed limits of safe exposure; sixteen
chemical elements are known to be important
to a plant's growth and survival. The sixteen
chemical elements are divided into two main
groups: non-mineral and mineral. The Non-
Mineral Nutrients are hydrogen (H), oxygen
(O), and carbon (C), these nutrients are
found in the air and water. The 13 mineral
nutrients, which come from the soil, are
dissolved in water and absorbed through a
plant's roots. These are divided into two
groups; macronutrients and micronutrients.
Macronutrients can be broken into two more
groups; these are primary and secondary
nutrients. The primary nutrients are nitrogen
(N), phosphorus (P), and potassium (K). These
major nutrients usually are lacking from the
soil first because plants use large amounts for
their growth and survival. The secondary
nutrients are calcium (Ca), magnesium (Mg),
and sulfur (S). Micronutrients are those
elements essential for plant growth which
needed in only very small in micro quantities.
These elements are sometimes called minor
elements or trace elements. The micronutrients
are boron (B), copper (Cu), iron (Fe), chloride

(CI), manganese (Mn), molybdenum (Mo) and
zinc (Zn) [1].

Heavy metals are that elements having
specific gravity that is at least five times the
specific gravity of water which is expressed as
1 at 4°C and refers to metallic elements
with an atomic weight greater than iron
(55.8 g/mol) [2]. These elements are stable
and highly toxic, because they cannot
be metabolized, and are bio-accumulative
passed up the food chain to humans.
Generally, the trace quantities of heavy metals
are nutritionally essential for a healthy life;
they are commonly found naturally in plants,
therefore plants are considered as multivitamin
products. Heavy metals are also common in
the manufacture of pesticides, batteries, alloys,
chemical laboratories, Medical Industries and
their wastes, electroplated metal parts, textile
dyes , steel, tanning in tannery, transportation
setting, electrical generation stations, refining
oil stations, and hazardous waste sites. Like
these factories are found in Baghdad. Chronic
exposure to heavy metals leads to chronic
toxicity resulting from repeated or continuous
exposure, causing an accumulation of the toxic
metals in the body, also chronic exposure may
results from contaminated food, air, water;
living near a hazardous waste site. The sudden
or unexpected exposure to a high level of the
heavy metal caused acute toxicity [3].


mailto:2salihauad2000@yahoo.com
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Non-Mineral
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Mineral
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Macronutrients
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Micronutrients
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Nitrogen
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Phosphorus
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Potassium
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Calcium
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Magnesium
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Sulfur
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Boron
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Copper
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Iron
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Chloride
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Manganese
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Molybdenum
http://www.ncagr.com/cyber/kidswrld/plant/nutrient.htm#Zinc

Many researchers who studied soil water
and plants in Baghdad have detected high
heavy metals concentration in different
sampling media. Khalid and Salih [4] found
high Pb concentration in soil of some highly
populated areas at Baghdad. Hana and Al-
Bassam [5] found much higher Pb
concentration in plants of Baghdad than those
of other less populated Iraqgi cites. Al-Bassam
et al., [6] found less than 10 ppm of Pb within
soil of Western Desert. Haqus and hammed
[7]; Hana and Al-Hilali [8] and [9] found high
Pb concentration in plants collected from
Baghdad and other selected areas the highways
and cement plants. AL-Sayegh and Al-Yazichi
[10] attributed the high concentration of Pb,
Cd, Cu and Zn to the car exhausts in Mosul
city. Kuwaidem [11] found high concentration
of heavy metals in Basra soil which were
mainly attributed to the drilling and oil
production. Ameen [12] studied the biological
effects of Pb poisoning in Baghdad, then he
deduced that the children are at greater risk
than adults due to lower body weight and
increasing incidence of cancer and blood
poisoning. Awadh [13] through his study of
atmospheric pollution of Baghdad city found
the anthropogenic activities are main
responsible sources of pollution.

This study was carried out on twenty five
sites within Baghdad (Fig.(1)) and (Table (1)),
from these sites soil and some types of
plants (Citrus aurantifolia, Citrus sinensis,
Citrus grandis, Citrus reticulate, Citrus
aurantium and phoenix dactylifera) which are
growing in were studied. This soil is a part
of the Mesopotamian Plain sediments
which has mainly exposed of wide variety of
contaminants like suspended particulates
originated from different sources. Baghdad is a
densely populated and highly agricultural and
industrialized site. Generally, the climate of
Mesopotamia is semi-arid with maximum
temperature up to 53°C in July- August and
minimum temperature of -7°C in January [14].
The annual precipitation is 150 mm/year
(monthly occurring from November to March).

This work is expressed as geochemical and
biogeochemical study for further contribution
of the local environmental pollution; it is
going to discuss the concentration and
distribution of the heavy metals in Baghdad
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soil in comparison with their accumulation in
both of the leaf and fruit parts in attempt for
revealing the source of heavy metals existing
in high level.

Samples Collection and Analyses

Twenty nine composite surface samples at
Ao soil zone were collected from 25 locations
at Baghdad (Fig.(1)) and (Table (1)); as well
as 47 leaf samples and 29 fruit samples were
also collected from Citrus aurantifolia, Citrus
sinensis, Citrus grandis, Citrus reticulate,
Citrus aurantium and phoenix dactylifera.
Generally, soil samples are agricultural soil
composed of clayey silt belong to Tigris River
sediments within the Mesopotamian Plain.
Heavy metals (Fe, Pb, Cd, Ni, and Co) in both
of soil and plant samples were analyzed by
using Atomoc Absorption spectrophotometry
in Biology Department of College of Science
at University of Baghdad. The composite soil
samples were dried to constant weight at 50°C;
then passed through a 1 mm sieve to remove
stones, roots and other larger particles. Each
composite soil sample was manually finely
ground using an agate mortar, thereafter
0.5 gm for each was transferred into 100 ml
Pyrex beaker. 20 ml of Aqua Regia (1:3
HNO3: HCI) was added to digest the sample.
The solution was evaporated to near dryness
on a hot plate at a temperature of 105°C. After
cooling, 15 ml of 5% HCI acid was added. The
solution was warmed on the hot pate to
dissolve the salts; then allowed to cool. The
solution was transferred to a 50 ml volumetric
flask and made up to volume using 5% HCI.
The solution was kept for 24 hours to allow
sandy grains to settle. The solution became
ready for the analyses by Atomic Absorption
Spectrophotometry. Fruits and leaves also
were dissolved and analyzed according to [15].
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. 8 Zayuna 17 Qadisiya

Lege nd . 9 Baghdad jadeda 18 Mansor

1 Shaab 10 Mashtal 19 Qazaliya

2 Talbiya 11 Zufaraniya 20 Al jameaa

3 Jamela 12 Dora 21 Kadhraa

4 Adhmiya 13 Karada 22 Nafaq shurta

5 Al-Salam 14 Jaderiya 23 Amriya

6 Ataifia 15 Abu Dsheer 24 Jehad

7 Haifa 16 Saidiya 25 Furat

Fig.(1) Arial photo showing the sites of study areas in Baghdad city; their coordination are
described in the Table (1).

Table (1)
The names and coordination of sampling sites.

Area name . Area name

Shaab 33.2324 | 44.2429 Jaderiya 33.1633 44,2238
Talbiya 33.231 | 44.2614 Abu Dsheer | 33.1334 44.2326

Jamela | 33.2224 | 44.2657 Saidiya | 33.1575 | 44.2029
Adhmiya | 33.2239 | 44.2153 Qadisiya | 33.1746 | 44.2134
Al-Salam | 33.2141 | 44.2014 Mansor | 33.1935 | 44.2046
Ataifia | 33.2177 | 44.2051 Qazaliya | 33.2118 | 44.1631
Haifa | 33.2011 | 44.2253 Aljameaa | 33.201 44.1925
Zayuna | 33.1958 | 44.2732 Kadhraa 33.2 44.1742
'igg:ggd 33.1854 | 44.2849 Nafaq shurta | 33.1854 44.185
Mashtal | 33.1011 | 44.3115 Amriya | 331757 | 44.1655
Zufaraniya | 33.1521 | 44.3044 Jehad 33.1626 | 44.1772
Dora | 33.1529 | 44.0542 Furat 33.1753 | 44.1381
Karada | 33.1733 | 44.2442
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Heavy Metals in Soil

The statistical distribution (median, 25%-
75%, non outlier range, outliers and extremes)
of heavy metals is illustrated in Fig.(2). Iron
(Fe) appears to be found in wide range from
0.003% in Qazaliya to 3.26% in Zufaraniya
with average 1.55%; it is less than of global
value (Table (2)). Nickel (Ni) recorded high
values which were ranging from 105 ppm in
Dora to 208 ppm in Al-Jameaa and Al-Jehad,
with average of 172 (Table (2)). Lead (Pb) was
recorded ranging from 29 ppm in Khadhraa to
138 ppm in Haifa with average of 43 ppm;
Nickel and lead are four times higher than the
global value (Table-2). Cobalt (Co) ranges
from 31 ppm in Nafag shurta to 58 ppm in
Haifa with average of 39 ppm; it is nearly
approach of five times higher than the global
(Table (2)). Cadmium (Cd) concentration
ranges from 11 to 41 ppm with average
19 ppm; the lowest value was recorded in
Adhamiya, while the highest value was found
in Haifa; in comparison with the global value,
it is very high and nineteenth times greater
(Table (2)). Heavy metals concentration in soil
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of Baghdad could be descending ordered as
Fe> Ni> Pb> Co> Cd. Obviously, there is no
iron pollution, but the others heavy metals (Ni,
Pb, Cd and Co) are higher than the natural
distribution. In Baghdad Jadeda, Abu Disher
and Haifa and the heavy metals (Ni, Pb, Cd
and Co) clearly displayed increasing all
together; despite of the thousand tons of the
emitted gases from Dora chimneys annually,
Dora has no display the highest heavy metals
concentration; but the area which are locating
south and east of Dora (Baghdad Jadeda
Zufaraniya and Abu Dsheer) displayed high
concentration (Fig.(3)); this may be attributed
to the arial transportation of pollutants and this
hypothesis be a fact especially when the
preferred wind direction (south east) is taken
in consideration. Figs.(4,5,6,7 and 8) are
displaying how the heavy metals distribute in
Baghdad soil. Burning fuel in automobile
and local electrical generators may contribute
the rise content of these heavy metals;
Al-Qaraghuli found high concentrations of Pb,
Ni and Co in Iraqi oil.
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Fig.(2) Statistical distribution of the heavy metals in the Baghdad soil.
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Table (2)
Chemical results, ranges and averages of heavy metals in the soil samples of
Baghdad compared with the global average.

Area name
1 Shaab 33.2324 | 44.2429 | 1.84 144 39 19 41
2 Talbiya 33.231 | 44.2614 | 1.12 169 33 15 37
3 Jamela 33.2224 | 44.2657 1.79 181 41 18 44
4 Adhmiya 33.2239 | 44.2153 | 1.46 183 32 11 36
5 Al-Salam 33.2141 | 44.2014 | 1.77 183 38 18 38
6 Ataifia 33.2177 | 44.2051 | 1.58 156 34 13 41
7 Haifa 33.2011 | 44.2253 | 1.79 180 183 41 58
8 Zayuna 33.1958 | 44.2732 1.86 156 36 17 32
9 Baghdad jadeda | 33.1854 | 44.2849 | 1.35 138 58 33 48
10 Mashtal 33.1911 | 44.3115 | 3.14 130 36 15 36
11 Zufaraniya 33.1521 | 44.3044 | 3.26 208 39 13 34
12 Dora 33.1529 | 44.2542 1.63 105 37 17 33
13 Karada 33.1733 | 44.2442 1.63 186 39 16 35
14 Jaderiya 33.1633 | 44.2238 1.6 195 49 14 37
15 Abu Dsheer 33.1334 | 44.2326 1.7 169 75 32 51
16 Saidiya 33.1575 | 44.2029 | 2.23 169 38 18 38
17 Qadisiya 33.1746 | 44.2134 | 1.33 156 59 29 44
18 Mansor 33.1935 | 44.2046 | 1.86 181 36 14 38
19 Qazaliya 33.2118 | 44.1631 | 0.003 129 33 14 39
20 Al jameaa 33.201 | 44.1925 | 1.81 208 31 17 38
21 Khadhraa 33.2 441742 | 0.17 157 29 15 33
22 Nafag shurta 33.1854 | 44.185 0.16 144 37 16 31
23 Amriya 33.1757 | 44.1655 | 1.44 156 29 17 33
24 Jehad 33.1626 | 44.1772 2 208 37 19 40
25 Furat 33.1753 | 44.1381 | 1.49 130 33 17 31
0.003- 105-
Range 396 208 29-183 | 11-41 | 31-58
Average 1.55 172 43 19 39
*Globally average in the world soil 3.8 40 10 1 8
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Fig.(3) Distribution of heavy metal concentrations in the soils of different site of Baghdad.
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Fig.(4) Contour map shows the Fe distribution in Baghdad.
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Fig.(5) Contour map shows the Ni distribution in Baghdad.
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Fig.(6) Contour map shows the Pb distribution in Baghdad.
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Fig.(7) Contour map shows the Cd distribution in Baghdad.
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Fig.(8) Contour map shows the Co distribution in Baghdad.

Heavy Metals in Plants

Plants are collectors for all air pollutants,
and their chemical composition may be a good
indicator for contaminated-areas [17] and [18].
Trace elements that are essential for plant
growth are micronutrients which are Boron
(B), Chlorine (CI), Iron (Fe), Molybdenum
(Mo), Sodium (Na), Cobalt (Co), Copper (Cu),
Manganese (Mn), Nickle (Ni) and Zinc (Zn)
[1]. Iron (Fe) has a number of roles in plants,
often related to the transition Fe?*, Fe**, such
as electron transport, protein structure
(hemeproteins and iron-sulfur  proteins),
enzymes involved in nitrogen and sulfur
metabolism. Iron prevents anaemia, and zinc is
a co-factor in over one hundred enzyme
reactions [3]. Pb and Cd are non essential
nutrient for plant and toxic; it is effectively
absorbed by both the root and leaf systems,
and is also highly accumulated in soil
organisms [19]. Nickel (Ni) is rarely deficient
in nature. Nickel deficiency causes disruptions
in nitrogen metabolism. Nickel catalyzes
urease. Osha, 2004 in [20] considered that the
20 ppm of Cd in soil as pollutant. A great
proportion of the Cd is known to be
accumulated in root tissues [21]. The mean Cd
content in orange fruit tissue ranges from
0.002 ppm — 0.14 ppm [22] and [23].

Cobalt (Co) is not needed by plants in
general. However it is needed by the nitrogen
fixation complex in the bacteroids in legumes.
Heavy metals in both of the leaves (Table (3))
and the fruits (Table (4)) recorded values
higher than of global value; and appeared to be
descending ordered as Fe> Ni> Pb> Co> Cd
(Fig.(9) and (10)). Clearly, leaves contained
higher concentration of heavy metals than
fruits (Fig.(11)). In the leaves of Phoenix
datylifera (palm), the concentration of
iron ranged from 93 to 225 ppm with average
211 ppm; Ni ranged from 30 to 60 ppm with
average 45 ppm; Pb ranged from 20 to 40 ppm
with average 30 ppm; Cd ranged from 12 to
20 ppm with average 16 ppm and Co ranged
from 15-31 ppm which forms of 23 ppm in
average (Table (5)), whereas in the dates of
Phoenix datylifera (palm), the range and
average of iron is 93-205 (138) ppm; Ni
recorded 27-60 (47) ppm; Pb recorded 20-39
(31) ppm; Cd recorded 11-17 (13) ppm
whereas the 13-29 (19) for Co (Table (5)).
From the information above, the leaf palms
contained higher concentration of Fe, Cd and
Co than the dates, but the Ni and Pb
concentrations are slightly higher in the dates
(Table (5)).
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Sample no.

1SH-L

2SH-L

Heavy metals concentration in different of plant leaves.

Area name

Shaab

Vol.15 (2), June, 2012, pp.1-16
Table (3)

Science

Type of plant leaves

Citrus aurantifolia

Citrus aurantifolia

3T-L

Talbiya

Citrus aurantifolia

4J-L

Jamela

Citrus aurantifolia

SA-L

6A-L

TA-L

Adhmiya

Citrus aurantifolia

Citrus aurantifolia

Citrus sinensis

8S-L

Al-Salam

Citrus aurantifolia

9AT-L

Ataifia

Citrus aurantifolia

10H-L

Haifa

11Z-L

12Z-L

Zayuna

Citrus sinensis

Citrus aurantifolia

13B-L

Baghdad jadeda

Citrus aurantifolia

14M-L

15M-L

16M-L

17M-L

Mashtal

Citrus aurantifolia

Citrus aurantifolia

Citrus reticulate

Citrus aurantium

18Zf-L

Zufaraniya

Citrus aurantifolia

19D-L

20D-L

Dora

Citrus aurantifolia

Citrus reticulate

21K-L

22K-L

23K-L

Karada

Citrus aurantifolia

Citrus sinensis

Citrus aurantium

24J-L

Jaderiya

Citrus aurantifolia

25J-L

Citrus sinensis

26AD-L

Abu Dsheer

Citrus aurantifolia

27SD-L

28SD-L

29SD-L

30SD-L

Saidiya

Citrus aurantifolia

Citrus sinensis

Citrus sinensis

Citrus reticulate

31Q-L

Qadisiya

Citrus aurantifolia

32M-L

Mansor

Citrus aurantifolia

33QZ-L

34QZ-L

35QZ-L

Qazaliya

Citrus aurantifolia

Citrus aurantifolia

Citric (Lamon)

36AJ-L

37AJ-L

38AJ-L

Al jameaa

Citrus aurantifolia

Citrus aurantifolia

Citrus reticulate

39KH-L

40KH-L

41KH-L

Khadhraa

Citrus aurantifolia

Citrus aurantifolia

Citrus sinensis

42NS-L

Nafaq shurta

Citrus aurantifolia

43AM-L

44AM-L

45AM-L

Amriya

Citrus aurantifolia

Citric grandis

Citrus reticulate

46J-L

47J-L

Jehad

Citrus aurantifolia

Citrus aurantifolia

48F-L

Furat

Citrus aurantifolia

*global concentration in dry matter of plant
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Table (4)
Heavy metals concentration in the fruits in the different sites of Baghdad.

Habib R. Habib

Sample no. | Area name Type of fruits Fe NI I:: Cd co
DD
1SH-F Shaab Citrus aurantifolia 93 55 36 17 27
2SH-F Citrus aurantifolia 93 50 40 20 30
3T-F Talbiya Citrus aurantifolia | 107 55 32 14 23
4J)-F Jamela Citrus aurantifolia 93 55 35 14 25
5A-F Adhmiya Citrus aurantifolia | 79 57 30 14 22
6A-F Citrus aurantifolia | 711 127 48 19 32
7S-F Al-Salam | Citrus aurantifolia | 116 37 28 12 15
8AT-F Ataifia Citrus aurantifolia | 186 75 24 13 17
9Z-F Citrus sinensis 97 42 22 15 19
Zayuna - —
10Z-F Citrus aurantifolia 84 50 28 11 13
11M-F Mashtal Citrus aurantifolia 93 52 31 16 27
12M-F Citrus aurantifolia 93 77 36 19 27
13ZF-F Zufaraniya | Citrus aurantifolia | 102 40 27 17 24
14D-F Dora Citrus aurantifolia | 186 47 22 15 21
15K-F Karada Citrus aurantifolia | 158 52 36 16 28
16J-F . Citrus aurantifolia 70 47 36 16 27
Jaderiya - - -
17J-F Citrus sinensis 107 45 33 15 23
18SD-F Citrus aurantifolia 93 50 22 15 19
19SD-F Saidiya Citrus sinensis 126 42 21 13 17
20SD-F Citrus sinensis 88 30 28 10 14
21Q-F Qadisiya | Citrus aurantifolia | 128 115 51 23 35
22M-F Mansor Citrus aurantifolia 97 45 31 13 21
23QZ-F Qazaliya Citrus aurantifolia | 126 47 28 13 17
24QZ-F Citrus aurantifolia | 183 35 35 15 25
25AJ-F Al jameaa Citrus reticulate 116 50 31 13 24
26KH-F Khadhraa Citrus aurantifolia 75 45 22 15 19
27KH-F Citrus sinensis 112 65 27 13 16
28NS-F | Nafaqg shurta | Citrus aurantifolia 84 52 31 14 21
29F-F Furat Citrus aurantifolia | 418 62 44 22 33
Range 75-711 | 30-127 | 21-48 | 10-22 | 13-35
Average 142 55 33 15 23
Average in one piece of Citrus aurantifolia 1736 653 370 | 178 | 270
Average in one piece of Citrus sinensis 1253 529 619 | 156 | 210
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Table (5)
Heavy metals concentration in the leaves and dates of phoenix dactylifera in the
different sites of Baghdad.

Science

S Sample type Fe Ni Pb Cd Co
ample ;
no. Area name (phognlx
dactylifera) ppm
1J-PL Palm leaves 186 52 37 14 23
Jamela
2J-PD Dates 205 50 39 17 26
3A-PL Adhmiya Palm leaves 135 55 33 17 26
4A-PL Palm leaves 233 35 33 13 23
5S-PL Al-Salam Palm leaves 251 30 20 13 17
6H-PL Haifa Palm leaves 219 47 35 19 25
TH-PL Palm leaves 353 60 38 18 29
8Z-PL Zayuna Palm leaves 140 37 21 14 17
9B-PL Baghdad Palm leaves 256 | 57 | 25 | 13 | 19
jadeda
10Zf-PL Zufaraniya Palm leaves 158 42 25 15 21
11D-PL Dora Palm leaves 218 47 30 14 24
12K-PL Karada Palm leaves 325 47 40 20 31
13K-PD Dates 149 52 38 17 29
14J-PL Jaderiya Palm leaves 288 50 33 17 26
15AD-PL | Abu Dsheer Palm leaves 205 50 40 18 31
16SD-PL Saidiya Palm leaves 242 42 22 15 17
17SD-PD Dates 102 27 28 11 14
18Q-PL Qadisiya Palm leaves 219 47 35 19 25
19QZ-PL Palm leaves 167 42 21 13 16
20QZ-PL Qazaliya Palm leaves 153 47 34 16 28
21QZ-PD Dates 144 60 20 11 15
22QZ-PD Dates 93 45 29 11 13
23KH-PL Khadhraa Palm leaves 190 32 20 13 19
24KH-PL Palm leaves 161 45 27 12 15
25AM-PL Amriya Palm leaves 251 55 37 17 27
26J-PL Jehad Palm leaves 93 45 34 16 27
Range Palm leaves 93- | 30- ] 20- ] 12- 7§ 15
325 60 40 20 31
Average Palm leaves 211 45 30 16 23
93- 27- | 20- | 11- | 13-
Range Dates 205 | 60 | 39 | 17 | 29
Average Dates 138 47 31 13 19

Discussion and Conclusions

Markedly, the accumulation of heavy
metals with high concentration in the Baghdad
soil in comparison with the global values is
attributable to the pollution of Baghdad soil.
The descending order of heavy elements in the
soil as well as the both types of plant tissues;
leaves and fruits as Fe> Ni> Pb> Co> Cd
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indicate a systematic uptake of trace elements
from soil. On the basis of plants are able to
accumulate trace elements (especially heavy
metals) above  established  background
concentrations in or on their tissues [2]; they
were considered as intermediate reservoirs
through which heavy metals from soils move
to food chain. Obviously, the leaf plant tissues



store the greater quantity of heavy metals,
while the lower quantity is stored in fruit
tissues (Fig.(11)); however, the heavy metals
(Ni, Pb, Co, and Cd) accumulated within both
of leaves and fruits having concentration
higher than of the global values (Table (3)).
From the average concentration in the
different type Citrus fruit, author have inferred
that the average concentration of heavy
metals in one piece of Citrus fruit which
have about 120 gm is Fe (2800 ppm),
Ni (1100 ppm), Pb (660 ppm), Cd (300 ppm)
and Co (460 ppm); this means the total
concentration of these elements is 0.5%
approximately. Iron concentration tend to be
less than of the average of global value and
has distribution pattern increases toward SE of
Baghdad (Fig.(3)); in concordance with the
prevailing wind direction which considered as
an active redistributor. Nickel in general
occurs in high values in Baghdad soil but
concentrated around Al-Salam, Autaifiya,
Jameaa, Jehad, Saidiyas, Zufaraniya, Dora and
Jadriya (Fig.(3)); Nickel (Ni) can be found in
high concentration around areas contained
nickel-cadmium batteries and as product of
diesel fuel.

The wvehicle exhausts in heavy traffic
are the main source of Pb and Cd [25];
contour maps (Figs. (6, 7 and 8)) display the
distribution of Pb, Cd and Co in Baghdad soil
has similar pattern and concentrated maily
in Al-Rasafa side around Garage of Bab
Al-Muaadham in which the gases from
automobiles are continuously emitting; this led
to suggest that the garages and crowded traffic
area were a point and non point source
respectively.

These heavy metals could come from
many different sources. The authors believed
that leaded gasoline was the major pollutant;
lead is used manufacture of batteries, fuel
additives (Leaded gasoline), in painted
surfaces, in PVC nplastics, crystal glass
production, and pesticides. Cadmium is a by-
product of smelting of lead and zinc; it can be
found in nickel-cadmium batteries, diesel fuel,
Tires, cigarettes, PVC plastics, and paint
pigments, in soils because insecticides,
fungicides, cadmium. Nickel (Ni) can be found
in  nickel-cadmium batteries, diesel fuel.
Cobalt (Co) can be found in diesel and
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gasoline fuel, in sludge, and commercial
fertilizers that use addition to that many
industrial sites occurring in Baghdad like Dore
electrical station; Dora oil refining; Factory of
liquid batteries in Al-Wazeria; The general
company for wool industries in Khadhumiya;
The state company for vegetable oils industry
(Al-Rasheed factory and Al-Amen factory;
The company of light industry; Al-Haditha
painting company. All these industrial sites
add heavy metals into environment, but they
were partially polluted source.

In both leaves of Citrus and Phoenix
(palm), good correlation arose among Pb, Cd
and Co (Tables (6) and (7)); whereas, in the
Citrus fruits Ni also correlated with Pb, Cd and
Co (Table (8)), but Cd tend to be well
correlated with Co (Table (9)). However, those
heavy metals have highly correlation in the
Iraqgi fuel, therefore, the increasing of Pb, Cd
and Co attributed to the burning of fuels in the
automobiles which uses the leaded gasoline
and diesel. Accordingly, the vehicles electrical
generators exhausts are therefore suggested to
be a main source of pollution.

Table (6)
Correlation coefficient of heavy metals in 48
samples of plant leaves, (Significant Level= 0.46).

Table (7)
Correlation coefficient of heavy metals in 29
samples of fruits, (Significant Level =0.55).

Fe Ni Pb Cd Co
Fe 1.00
Ni 0.33 1.00
Pb -0.03 0.36 1.00
Cd -0.01 0.48 0.64 1.00
Co -0.04 0.38 0.88 0.75 1.00
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Table (8)
Correlation coefficient of heavy metals in 22
samples of palm leaves, (Significant Level=0.63).

| Fe | Ni | Pb | Cd | Co |

Table (9)
Correlation coefficient of heavy metals
in 5 samples of palm's dates.
(Significant Level = 0.95).

| Fe | Ni | Pb | cd | Co |
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