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ABSTRACT 

The present work deals with detection of ambient air pollution effects on some cultivated plants exhibited 
at Al Mikhwah city and by comparison of plants exposed to ambient air in less polluted localities at the 
rural sit of the same city. Complete monitoring to major gases (O3, SO2, NO2, CO) during the whole season 
of research duration. Cultivated plants Vicia faba L. and Triticum aestivum L. were studied. Plant samples 
were collected three times (mid of January 2013, February 2013, April 2013) from close and far localities to 
main road of Al Mikhwah city. Many analyses and measurements were done to all samples. Gradual 
increases in the concentration of all studied gases from January to May recording high levels during April 
and May. Only O3 concentrations were three or four times the normal levels. Generally, results showed the 
proportional decrease in major elements of plants in high-polluted localities. The ambient O3 showed 
significant increase in total minor elements to cultivated plants exhibited close to main road of Al Mikhwah 
city. This study showed that Vicia faba L. recorded as a highly responded plant than Triticum aestivum L. 
plant. This investigation concluded that ozone has big responsibility for the damage of plants in cities of 
KSA because it can accelerate its senescence effect then production declined. 
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INTRODUCTION 

 
This designation is based on the fact that there are documented adverse effects of air pollution on 

plants, or materials at concentrations, or approaching those, found in polluted air. There are air quality 
standards (U.S.), air quality objectives (Canada), and critical levels (Commission of the European 
Communities) for O3 to protect vegetation against adverse effects (Legge et al., 1995). In the United States, 
Congressional mandate requires the Environmental Protection Agency (EPA) to review all available scientific 
literature and revise air quality standards where required, for approval by the Congress, once every 5 years. 
At present, the tentative O3 standard in the United States is an 8 h running average of 80 nl/liter, not to be 
exceeded more than twice in three consecutive years. This standard is tentative because of a pending 
decision regarding court challenges by industry against the EPA's legislative authority within the Clean Air 
Act of the U.S. Congress (American Trucking Associations, ATA Inc. versus EPA). This case is now in the 
Supreme Court. 

Leaving aside the judicial controversy, much of the knowledge of the effects of O3 on plants is 
derived from controlled environment or field chamber exposure studies. Plants in the ambient environment 
do not grow in chambers. Although chamber studies have the value of providing us with a basic 
understanding of cause and effect, the results, from such studies, cannot be directly extrapolated to the 
chamberless ambient environment where cost-benefit policies are involved. There is a significant need to 
conduct chamberless field studies to determine the effects of ambient levels of O3 on plant growth, 
productivity, and species fitness in the context of biological diversity (Pausch et al., 1996; Mulchi et al., 
1992). The emphasis has been on unvaried studies (O3 only as the cause of an effect), but there is a need to 
address the O3 issue in the context of the presence of other air pollutants and the incidence of pathogens 
and insect pests. The resulting joint effects can be additive, more than additive, or less than additive 
(Mulchi et al., 1992). Because of its complexity, no studies have directly addressed this overall question. The 
subject becomes much more complex when we try to integrate O3 and climate change (increasing CO2 
concentrations, changes in temperature and precipitation patterns, etc.). This holistic research is a prime 
target for plant disease epidemiologists. In all of these cases, the limiting factor is the integration of the 
science spanning multiple disciplines. 

During the last decades, as urban centers and consequent highway traffic have continued to grow 
in the world, so have the ground level O3 concentrations. The National Research Council published an 
authoritative document in 1992 called "Rethinking the ozone problem in urban and regional air pollution" 
(Mulchi et al., 1992). Most recently, a number of state-of-the-science papers have been published (Bravo, 
2000). Alternative transportation strategies such as mass transit and the use of fuel other than gasoline (a 
major source of O3 precursor pollutants) in automobiles may provide some relief in the United States and 
other developed countries, perhaps some 20 years hence (Sawyer et al., 2000). Nevertheless, O3 is and will 
continue to be a growing problem in developing countries. Already Mexico City, New Delhi, and Beijing are 
among urban centers generating significant ground level O3 concentrations. Forest fires are creating 
hemispheric O3 problems and burning clear-cut for land reclamation in Central and South America and 
Southeast Asia. Forest fires and biomass burning result in emissions of the precursor compounds for O3 
formation. 

Plants are frequently, subjected to acute and chronic exposures of ground-level O3. An acute 
exposure consists of relatively high O3 concentrations (e.g., >80 nl/liter) from a few consecutive hours to 
days. In comparison, a chronic exposure consists of relatively low O3 concentrations (e.g., <40 nl/liter) for 
the entire life of a plant, with periodic intermittent or random episodes of high concentrations. Both acute 
and chronic O3 exposures can result in symptoms of foliar injury based on sensitive plants (Cheng and Sun, 
2013) 

Our current understanding of the effects of ambient air on plants is must entirely base on studies 
conducted with temperate species and environmental conditions. We have very little knowledge of crop 
and forest responses in the Southern Hemisphere. This is also the part of the world where the rate of 
population growth has been the most between 1960 and 1990 (Gommes, 1993). Thus, given the instability 
of sociopolitical and economic issues, sustaining global populations will require a global perspective of 
ambient O3 air quality in general, including climate change (O3 is a part of that process), and food, fiber, 
and timber production. 

Since elevated O3 have negligible direct impacts on the below-ground system (Tingey & Taylor, 
1997), any change in soil ecosystem response likely results indirectly from altered energy/carbon inputs to 
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the soil (Andersen & Rygiewicz, 1998; Abdel-Fattah et al., 2000; 2001a; b; Andersen, 2003). All the altered 
carbon inputs are dependent on allocation of carbon from the shoot to the root. Any physiological change 
within the plant affecting root processes has the potential to disrupt energy and subsequent nutrient flow 
through the soil structure, and therefore the physical and chemical characteristics of the soil system.  

Penetration of O3 into soil is believed to be limited essentially to the soil surface. The negative 
effects of O3 on soybean nodulation have thus been suggested to be due to plant mediated responses to 
O3 (Tingey & Taylor, 1997).  In pure culture on agar media, O3 has been reported to decrease colony 
diameters, increase spore production and decrease spore germination of plant associated, largely foliar, 
pathogenic or saprophytic fungal isolates (Heagle, 1973). In terms of plant-associated responses; chronic, 
but not intermittent exposure of white pine (Pinus strobes) to 0.140 ppm O3 in growth chambers, resulted 
in decreased ectomycorrhizal infection (Stroo et al., 1987). Decreased ectomycorrhizal infection with 
exposure to 160 ppb O3 in open top chambers has also been reported (Adams & O'Neill, 1991) for loblolly 
pine (Pinus taeda). In contrast, in an open fumigation system in the field, 2X ambient O3 stimulated 
ectomycorrhizal infection in Norway spruce (Picea abies) in the first, but not the second year of exposure, 
and increased ectomycorrhizal infection of Scots pine (Pinus sylvestris) in the second year of exposure 
(Rantanen et al., 1994). Fenn et al. (1989) found that chronic O3 exposure in growth chambers was 
associated with decreased numbers of phyllosphere fungi on giant Sequoia (Sequoia giganteum), California 
black oak (Quercus kelloggi) and on Valenica orange (Citrus sinensis). Increased O3 levels across a natural 
gradient of ambient polluted air have been reported to result in increased fungal diversity, higher nitrogen 
content and lower calcium content in Jeffrey pine (Pinus jeffreyi) litter (Fenn et al., 1993). In sugar maple, a 
decrease in the number of arbuscules, and increase in the number of vesicles in roots and increases in the 
numbers of rhizosphere bacteria and non-arbuscular mycorrhizal fungi in soil were associated with 
decreased levels of tropospheric O3, increased UV-B radiation and increased levels of flavinoids, tannins 
and lignins (Rozema et al., 1997). 

This study will concentrate on the effect of ambient air pollutants on elemental composition of 
Vicia faba L. and Triticum aestivum L. plants in relation to air and soil quality at Al Mikhwah main road and 
rural site at Al Mikhwah city, KSA. 
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MATERIALS AND METHODS 

 

Study area description: 
The study area is characterized by a succession of small sand dunes and rocky surface dissected by 

several wadis. The chain of sand dunes is composed of solid oolitic limestone. Between each sand dune and 
other there are salty lagoons, and sometimes there is cultivable land. The surface of Al Mikhwaharea is 
covered by a salty crust of very white color. The coastal area of Al Mikhwahhabitat is characterized by 
alternate appearance and disappearance of sand dunes and by the lines of saline lagoons. In both the two 
habitats, the major plant communities distributed above the sand dunes and in some wadis between them. 
Also, there are a large numbers of decorative plants around the high way.  

 

Sampling collection and analysis 
Air quality monitoring (O3, SO2, NO2, CO) during the whole season of research duration (January 

2013 – May 2013) was recorded using AQM 60 Air quality station, New Zealand. 
Plant samples were separated into assimilatory organs (roots, stems and leaves) cleaned, air dried 

then ground into fine powder and subjected to analysis. The main meteorological data of temperature, 
humidity, wind and pressure were recorded during the experiment. 

 Soils were collected at depth from 0 to 30 cm. The collected samples were put in plastic 
bags and kept in ice tank till transported to the laboratory. Each sample was divided into two portions; one 
for fresh soil parameter analysis, and the other air-dried for proper analysis. Large stones and other similar 
objects were removed and the soils were ground to break up aggregates and crumbs, without break actual 
soil particles. Prior analysis soils were sieved in 2 mm mesh. 

 

Soil Physical Properties 
Soil mechanical analysis was carried out by the pipette method (Richards, 1954). Soil moisture was 

determined using the method described by Piper (1947).  

 

Soil Chemical Properties 
The pH was measured in 1:5 soil-water suspensions by using Wheaton pH-meter. The electrical 

conductivity was determined by Jenway conductivity meter model 4310. Total soluble salts (TSS) soluble 
anions were determined as described by Richards (1954). Estimation of soil organic carbon was determined 
by color method using spectrophotometer model Spectronic 20 Milton Roy Company, USA. 

 

Plants and their soils elemental analysis  
Nitrogen content was determined using Kildahl Phosphorus in plants and soils were determined as 

available phosphorus in 0.002 N H2SO4 extracts using Spectro Master model 410, Taiwan. Sodium, calcium, 
magnesium and potassium were determined in ammonium acetate leachate by Jenway flamephotometer 
PFP7, England. The remaining elements (Cd, Pb, Fe, Mn, Zn, Cu) were determined using Perkin Elmer atomic 
absorption 300, USA using 2 g of plants and soils which digested by 1:1 conc. HCl and HNO3. 

 

Statistical analysis 
Statistical analyses were carried out using SPSS version 16. Mean, standard deviations and 

variance separation between different plants in each site was calculated by using the means of individual 
measurements. 
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RESULTS AND DISCUSSION 

 

Status of ambient air 
The main meteorological data of temperature, humidity, wind and pressure were recorded in 

Table 1. Monthly changes in mean concentrations (ppm) of O3, SO2, NO2 and CO during January-May 
growing seasons at Al Mikhwah city, KSA are listed in Table 2. In general, levels of all gases are not around 
the standards except in few cases. Especially O3 in all localities during the project is exceeded the normal 
ranges. Concentrations of O3 often exceeded the threshold four times of 100 nl l-1 close to main road from 
January to May. On the other hand, levels of SO2 and NO2 exceeded the standards only in dry months. 
There was a strong variation in monthly cumulative exposures whereas the exposure patterns during the 
summer and winter were totally different. The gradual increase in O3 concentrations was recorded only 
during hot months. As a result, the cumulative exposures to ambient O3 were relatively high in summer and 
relatively lower in winter (Table 2). Sulfur dioxide in combination with O3 and NO2 caused no additional 
reduction in yield, but lower dosages of SO2 increased yields compared to the O3 treatment, apparently by 
retarding O3 induced premature senescence. (Jones et al., 1985). 

A succession of environmental events over the last few years has led to a dramatically increased 
awareness of the issue of global climate change and to the conviction that global climate change is 
occurring. The anticipated global climate changes are new and unique in that they will have been generated 
by human activity and could result in large-scale disruptions in ecosystems altering the suitability for 
organisms currently occupying them. The goals of conservation biology of feeding an increasing world 
population and preserving species diversity may be seriously challenged when linked to climate change. The 
developments that transformed the global warming issues from that arising solely from CO2 increase to 
that of trace-gas greenhouse effect problem have involved several non-CO2 gases, especially O3. Observed 
increases in trace gases, including CO2, since the mid-19th century have enhanced the atmospheric 
greenhouse effect by about 2 % (Ramanathan, 1998). Without other competing factors, this heating should 
have committed the planet to a warming have about 1 to 1.5 k. The largest effect of the warming is 
increased back radiation at the surface by as much as 6 to 8 W m-2 per degree warming. Not all of this 
increased energy is balanced by surface emission; evaporation increases to restore surface energy balance 
by as much as 2 to 4 % per degree of warming (Ramanathan, 1998). 
 Photochemical reactions which produce tropospheric O3 involve hydrocarbons and nitrogen 
oxides, consequently, their concentrations are linked to emission rates and vary spatially. Ozone 
concentrations over the last few years have increased between 1 to 2 % per year (Fishman, 1991) from a 
global basis view but concentrations are projected increase 20 to 50 %  (between 1990 and 2020) in lower 
latitude from patterns of expected emission of precursors and concentrations are expected to continue to 
increase. Furthermore, the geographic extent of O3 effects on terrestrial ecosystems is likely to increase as 
more countries, particularly developing ones, become more industrialized (Chameides et al., 1994). 

 

Major and minor elements of plants: 
The concentrations for major elements and minor elements in studied plants leaves are illustrated 

in Table 3 and 4. No significant responses were noted for C with respect to cultivated and non-cultivated in 
Table 5. With respect to air quality treatment effects on major element concentrations, levels of O3 
stimulated the uptake of all elements for cultivated except few cases. The reduction in K contents in 
response to elevated O3 appeared in bean. An increase in Ca uptake of farest locailties from pollution area 
in response to O3 were observed. Also, lower Ca uptake to leaves of wheat in response to O3 in farest 
locailties from pollution area was found. Wheat Mg, P, Na, N and C in leaf samples were slightly affected by 
pollution. With respect to air quality effects on minor element contents, there were significant changes in 
concentrations of Fe while non-significant for Cd, Cu, Mn, Pb and Zn concentration in leaves (Table 6).  An 
increase in O3 increased element contents in bean leaves except for Cd. The foliar Fe, Mn and Pb 
concentrations in  wheat leaves were increased by elevated O3 exposure. 

 It is very difficult to predict the plant growth response to climate change because of large 
uncertainly about mineral availability. Realistic evaluations of the effects of climate change on plant growth 
will be challenged to contend with the large uncertainly and complexities in understanding mineral 
availability and plant mineral nutrition (Sinclair, 1992). Studies on mineral responses to O3 are varied in 
results. There is agreement with Van Vuuren et al. (1997) which concluded good interactions between 
availability of most of elements with increasing soil water. From another study, there were decreases in the 
leaf N, Mn, Ca and Mg whereas no changes in the concentrations of K, P, S, Fe, Na, Zn and Cu (Penuelas et 
al., 1997).  Barnes and Pfirrman (1992) indicated that O3 increased the P and K concentration in shoot 
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tissue but with no effect on N, S, Mg and Ca levels. Elevated atmospheric O3 concentration can’t only alter 
C and N cycling in soil but may affect plant nutrition. With increased growth, plant presumably have larger 
demand for plant macronutrients and micronutrients (Kimball, 1985). On the other hand, increased root 
growth may result in increased plant efficiency for retrieval of nutrients from soil. Timlin et al. (1992) 
suggested that a major factor in nutrient transport mechanisms in soil is root distribution of plants. Another 
mechanism responsible the retention and relative availability of nutrients is physical association of minerals 
with the organic components of the soil. The mechanisms that bind organic matter compounds to inorganic 
components in soil are polyvalent cations (Muneer and Oades, 1989) such as Ca++, Al+++, Fe++ etc. 
(Wallace, 1994). 

 

Selected Soil Properties 
Results for selected soil quality properties for soils from the far and close sites to Al Mikhwah area 

are shown in Tables 5-8. Note that the soil supporting cultivated plants are loamy sand except the soil of 
non-cultivated plants far from the industry area being sandy and only soil moisture for plants far from the 
main road (Table 9). The pH is not varied between localities (Table 10). The organic matter and anions in soil 
was changed between localities due to air quality exposure. More salts uptake by soil of cultivated plants 
recorded 3.11 and 3.36 % for far and close soil from industry area. High income of major ad minor elements 
in soil close to main road area reaching to 70% (Tables 11-12). 

Of particular interest is soil, an important component of the nutrient cycle; it serves as a major 
reservoir of essential nutrients and an important long-term repository for carbon. The SOM is formed from 
the combination and decomposition of plant and animal detritus turn affects the long-term health and 
productivity of forested systems. For example, forest management practices that leave organic residues 
rather than removing them will have less of an impact on the system nutrient cycling (Islam et al., 1997a; 
b). Little is known about changes in SOM with above-ground O3 exposure. McCrady and Andersen (1999) 
found that root exudation increases when wheat plants are exposed to O3 for 20-30 days. They 
hypothesized that increased root exudation, despite less carbohydrate transport to roots of O3 exposed 
plants, is due to inadequate substrate availability for membrane maintenance and repair in root tissues. 
Increased root exudation should stimulate rhizosphere bacteria, and ultimately lead to stimulation of other 
food web organisms. Consistent with this hypothesis, was the increased CO2 efflux, O3 uptake and 
increased levels of soil organic matter in soils of plants exposed to O3 found in other studies (Andersen & 
Scagel, 1998; Scagel & Andersen, 1997). Bacterial and fungal biomass also increased in soils of plants 
exposed to O3. Islam et al. (1999) examined the effect of climate change variables on soil organic C quality 
and suggested that tropospheric O3 stress favour high molecular weight in soil and more aromatic quality 
of C. Also, Islam et al. (2000) found that field respiration and microbial biomass C were lower under high O3 
exposures compared to soils under carbon filtered as a control, while death quotient and respiration 
maintenance increased under the same conditions. 

 

Summary  
In summary, effects of ozone on plant and associated rhizosphere soil indicate sometimes 

contrasting results, and ones which may be genus or even plant species specific. 
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Table (1) 

Mean values of monthly average meteorological data for the Al 

Mikhwah city, KSA during 2013. 

Months Air temperature Wind speed Pressure Relative 

humidity 

Min Max Avg Min Max Avg Min Max Avg Min Max Avg 

January 8.2 33.3 17.8 0.5 13.0 4.1 0.0 0.6 0.0 25.8 98.2 76.3 

February 6.6 31.0 16.1 0.5 10.6 4.4 0.0 0.6 0.0 59.0 98.7 85.7 

March 7.2 24.5 15.2 0.6 10.8 3.9 0.0 15.8 0.2 43.7 97.5 82.1 

April 6.3 26.7 15.7 0.5 9.3 3.8 0.0 9.2 0.0 19.8 97.4 67.6 

May 5.6 22.8 14.0 0.2 12.7 4.1 0.0 5.8 0.0 36.9 97.5 82.7 

 

Table (2) 

Mean values for air quality (O3, SO2, NO2 and CO) in polluted (main 

road) and less-polluted (rural) localities of Al Mikhwah city, 2013. 

 

Months O3 
(nL/L) 

SO2 
(nL/L) 

NO2 
(nL/L) 

CO 

(nL/L) 

Far from Al Mikhwah city (rural site) 

January 35 10 10 25 

February 35 10 10 25 

March 45 15 15 20 

April 45 15 20 20 

May 50 15 25 15 

Close to Al Mikhwah city (main road) 

January 60 15 10 35 

February 70 15 10 35 

March 75 15 20 30 

April 85 25 25 20 

May 100 25 30 20 
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Table (3) 

Mean values for leaves major element contents of plants grown in 

high polluted and less-polluted localities of Al Mikhwah city under 

atmospheric pollutants enrichments regimes, 2013. 
 

Treatments MgT 

(ppm) 
KT 

(ppm) 
CaT 

(ppm) 
PT 

(ppm) 
NaT 

(ppm) 
NT 

(%) 
CT 

(%) 

Vicia  faba L. 

Far from city 7.46 24.04 81.69 60.70 71.83 2.67 43.7 

Close to city 7.15 27.59 74.59 71.99 72.17 2.92 43.7 

Statistical sign * * * ** * ** NS 

Triticum aestivum L. 

Far from city 6.39 39.45 58.21 45.94 16.76 1.29 43.5 

Close to city 6.83 42.49 49.59 6.98 39.29 1.60 43.7 

Statistical sign * * * ** ** ** NS 

Far from city (less polluted) means samples collected from the tenth 

kilometer around the industry city, Close to city (highly polluted) means 

samples collected from the first kilometer around the city, and NS = Non-

significant.. 

Statistical significant: (*) = P  0.1, (**) = P  0.05, and (***) = P  0.01 

respectively. 
 

 

Table (4) 

Mean values for leaves minor element contents (ppm) of plants 

grown in high polluted and less-polluted localities of Al Mikhwah city 

under atmospheric pollutants enrichments regimes, 2013. 
 

Treatments CdT CuT FeT MnT PbT ZnT 

Vicia  faba L. 

Far from city 0.19 0.26 8.15 0.35 4.87 0.41 

Close to city 0.20 0.25 11.76 0.43 5.08 0.43 

Statistical sign * NS * * * NS 

Triticum aestivum L. 

Far from city 0.15 0.18 4.26 0.31 3.57 0.33 

Close to city 0.15 0.16 9.20 0.59 3.81 0.47 

Statistical sign NS NS ** * NS * 

Far from city (less polluted) means samples collected from the tenth 

kilometer around the industry city, Close to city (highly polluted) means 

samples collected from the first kilometer around the city, and NS = Non-

significant.. 

Statistical significant: (*) = P  0.1, (**) = P  0.05, and (***) = P  0.01 

respectively. 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-9186                                                                                                                                                10 

 
IJOAR© 2013 

http://www.ijoar.org 
 

 

 

Table (5) 

Mean values for some selected physical properties of soil supporting 

plants grown in high polluted and less-polluted localities of Al 

Mikhwah city atmospheric pollutants enrichments regimes, 2013. 
 

Treatments OM 

(%) 
Sand 

(%) 
Silt 

(%) 
Clay 

(%) 
Texture moisture 

(%) 

Far from city 1.2 84 6 10 Loamy sand 35.4
 

Close to city 1.2 85 8 7 Loamy sand 24.1 

Statistical sign NS NS NS *  * 

Far from city (less polluted) means samples collected from the tenth 

kilometer around the industry city, Close to city (highly polluted) means 

samples collected from the first kilometer around the city, and NS = Non-

significant.. 

Statistical significant: (*) = P  0.1, (**) = P  0.05, and (***) = P  0.01 

respectively. 

 

Table (6) 

Mean values for some selected chemical properties of soil supporting 

plants grown in high polluted and less-polluted localities of Al 

Mikhwah city under atmospheric pollutants enrichments regimes, 

2013. 

 

Treatments 

 
pH 

 

EC 

(mmos/

cm) 

TSS 

(%) 
Cl

- 

(%) 
SO4

-- 

(%) 
CO3

-- 

(%) 
HCO3

- 

(%) 

Far from city 10.06
 

122.0
 2.11 0.11 32.5 nil 2.01 

Close to city 10.05
 

108.1
 2.23 0.11 35.4 nil 1.99 

Statistical sign NS * NS NS *  NS 

Far from city (less polluted) means samples collected from the tenth 

kilometer around the industry city, Close to city (highly polluted) means 

samples collected from the first kilometer around the city, and NS = Non-

significant.. 

Statistical significant: (*) = P  0.1, (**) = P  0.05, and (***) = P  0.01 

respectively. 
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Table (7) 

Mean values for soils major element contents of plants grown in high 

polluted and less-polluted localities of Al Mikhwah city under 

atmospheric pollutants enrichments regimes, 2013. 
 

Treatments MgT 
(ppm) 

CaT 
(ppm) 

KT 

(ppm) 
PT 

(ppm) 
NaT 

(ppm) 
NT 
(%) 

CT 
(%) 

Far from city 7.80 53.83 14.61 42.21 16.17 8.52 1.42 

Close to city 7.65 56.64 12.17 41.65 88.21 8.18 1.23 

Statistical sign NS * NS NS *** NS NS 

Far from city (less polluted) means samples collected from the tenth 

kilometer around the industry city, Close to city (highly polluted) means 

samples collected from the first kilometer around the city, and NS = Non-

significant.. 

Statistical significant: (*) = P  0.1, (**) = P  0.05, and (***) = P  0.01 

respectively. 
 

 

 

 

Table (8) 

Mean values for leaves minor element contents (ppm) of plants 

grown in high polluted and less-polluted localities of Al Mikhwah city 

under atmospheric pollutants enrichments regimes, 2013. 
 

Treatments CdT CuT FeT MnT PbT ZnT 
Far from city 0.11

 
20.58 27.20 1.65 1.62 4.07 

Close to city 8.25 19.31 22.34 1.38 1.30 6.49 

Statistical sign *** NS * NS * * 

Far from city (less polluted) means samples collected from the tenth 

kilometer around the industry city, Close to city (highly polluted) means 

samples collected from the first kilometer around the city, and NS = Non-

significant.. 

Statistical significant: (*) = P  0.1, (**) = P  0.05, and 

 

 

 

 

 

 

 


