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Abstract

The polluters of total suspended particles (TSP) and some heavy metals (Cd, Co, and Ni) concen-
trations were studied in the areas of Al-Fatha, Al-Alam and Baiji, Iraq. These concentrations were
measured for selected 22 sample locations for two periods, January and July 2013. The analyzed
values of (TSP) and (Cd) exceeded the limits of Iraqi National and the World Health Organization
(WHO) for the two periods. Also, (Ni) values exceeded the limits for July only, while (Co) values
were under the limits for the two periods. The difference between the two periods reflects the ef-
fect of the wind speed and direction, rainfall, and the intensity of the dust storms during the two
months, respectively. GIS technique makes optimal predictions possible by examining the rela-
tionships between all the sample points and producing a continuous surface of polluter’s concen-
tration. Therefore, GIS was used to produce predictions and probabilities maps for the critical
polluter values in the study area.
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1. Introduction

Dust is a primary cause of air pollution. Air pollution is usually caused by natural events and/or anthropogenic
activities. Major man-made activities include automobiles, power generation and industrial activities in particu-
lar oil refineries, which represent the main source of air pollution. Prolonged exposure to inhalant dust can cause
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serious disease. Industrial activities will be more hazardous in highly populated areas (e.g. highly populated ci-
ties) [1]. Such activities have great impact on the ecology and agriculture as well as health and safety effects.

Dust is small enough (small volume ranges between 0.01 - 200 Microns), that can be carried away for long
distance and cause soil degradation in case it contains heavy metals and air pollution. Small suspended solids
particle (small volume ranges between 0.01 - 200 Microns), remain in air for a long period of time. For this rea-
son, these particles increase the respiratory diseases, especially asthma, and may lead to lung tissue damage.
Relatively bigger particles (Nuisance dust) settle down more rapidly due to their weight where air turbulence
cannot sustain their presence in suspension for a long period of time. In addition to that smaller particles seem to
interact with other air pollutants, leading to severe damages [2]-[5]. Suspended solids consist of suspended min-
erals and heavy metals. The source of the latter might be natural or artificial. Natural sources are usually caused
be particles of soil and sediments that are transported by winds, while artificial sources include the industrial ac-
tivities that emit heavy metals to the air and cause contamination of the atmosphere.

The most effective trace elements that can cause number of health problems are Pb, Zn, Cu, Ni, Cr, and Cd
[3]. Iraq is well known as an oil exporter country where it produces 3.45 mb/d and domestically consumes 0.81
mb/d [6] and for this reason this industry is considered as the main source of pollution [4].

In this research, air pollution was studied in the area between latitudes (34'56" - 35'34") and longitude (43'30"
- 43'34") where a huge oil refinery exists. The area is within Salah Al-Dien Governorate (Figure 1). The main
towns within this area are Al-Fatha, Al-Alam and Baiji with a population of more than 300000. It should be
mentioned, however that [7] carried out a similar research on the same area where they analyzed heavy metals
(Pb, Zn. and Cr). In this research (Cd, Co, and Ni) will be nalyzed.

2. Geology of the Area

The study area falls on the borderline between folded and non-folded zones [8]-[10]. Makhul and Hemrin
asymmetrical anticlines form the eastern border of the area. The two anticlines are about 250 m in height. They
trend North West-South East and plunge toward each other forming a saddle. This saddle is a topographic low
where the Tigris River crosses these structures. Bolton [11] noted that the axes of Makhul and Hemrin anticlines
are offset by a total of 7 kilometers forming en-echelon. It should be noted, however, that this offset is not ab-
rupt but gradual where the two axes bend, from their parallel northwesterly trend, towards each other to meet at
Fatha [10].

The Oldest exposed rocks in the area are limestone of Jeribe Formation (Lower Miocene); it is exposed in the
deep valleys of the anticlines. The Jeribe Formation is overlain by the Fatha Formation (formerly Lower Fars
Formation -Lower Miocene) which makes up the bulk of the anticlines. The Lower Fars Formation makes up the
bulk of the anticlines. The whole section of the formation is exposed on the southwestern flank of the anticlines
with a maximum thickness of 380 meters [10]. It is composed of alternating beds of limestone, gypsum, marls

Figure 1. Study area and samples location sites.
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and shales. Fatha Formation is over lined by Injana Formation (formerly Upper Fars Formation-Upper Miocene).
The Upper Fars Formation is poorly exposed in the valleys of the southwestern flank of the range where the al-
luvial cover is removed, and it reaches a maximum exposed thickness of 439 meters. The top of the formation is
not exposed in the area. It is composed of alternating beds of marls, sandstones and siltstone with two thin li-
mestone beds near the base of the formation [10]. Mukdadiyah Formation (Pliocene) conglomerates are exposed
in some areas near the Tigris River course. The rest of the studied area is plain covered by alluvial deposits [10].

3. Data Collection and Analyses

Samples were collected from 22 locations (Figure 1 and Table 1) to analyze the TSP and some heavy metals
concentration in air for two periods January and July 2013. The air samples (TSP) were collected using Low
volume air sampler (Sniffer) equipment for twenty two different sites inside and outside the industrial area tak-
ing into consideration the prevailing wind direction that is an important factor in pollutants distribution (Figure
2).

The air samples were collected at a height of 1.65 meter above the ground with (liter/min) unit. These samples
were analyzed in lab for TSP concentrations in unit microgram/m® (ug/m°). Also, the same air samples were
used to measure the concentrations of some heavy metals (Cadmium Cd, Cobalt Co, and Nickel Ni) in the La-
boratory using Atomic Absorption Spectrometry equipment according to APHA, AWWA and WEF [12] proce-
dure where the Method 3030 E, “Acid Digestion and Analysis by Flame Atomic Absorption Spectrometry was
used”.

Table 1. Sample location.

No. Sample location E N
1 Fertilizer Company. 43.391 35.098
2 Al-Enezan Village 43.464 35.042
3 Almasafi Check Point 43.464 35.010
4 Almasafi District 43.460 35.004
5 Oil Refinery 43.486 35.008
6 Biji Oil Refinery 43.499 35.019
7 Biji Oil Refinery 43511 35.027
8 Around Oil Refinery 43.514 34.998
9 Around QOil Refinery 43.544 35.028
10 Aggricultrefeild 43.556 35.023
11 Aggricultrefeild. 43.560 35.037
12 Aggricultrefeild 43.562 35.053
13 Aggricultrefeild 43.583 35.016
14 Aggricultrefeild 43.572 34.980
15 Aggricultrefeild 43.584 34.942
16 Aggricultrefeild 43.582 34.889
17 AlboJoari Check point 43.495 34.970
18 Al-Sahl Area 43471 34.967
19 Biji city 43.494 34.937
20 Biji city 43.491 34.923
21 Al-Sekak District 43.458 34.923
22 Al-Masrah Check Point 43.482 34.889
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Figure 2. Low volume air sampler (Sniffer).

4. Results and Discussion

The statistical results (Table 2) show that all constituents exhibit mean values that are higher than World Health
Organization and Iragi standards [2] [13].

1) Total Suspended Particles (TSP): The environmental impacts of total suspended solids concentrations (TSP)
on the residential areas near and around the industrial area were indicated. The mean of (TSP pg/m®) values in
study area which has been measured to be 794.2 (min. 311.9, max. 1280.0) for January 2013, and 2807.5 (min.
1669.0, max. 3985.0) for July 2013.Although the (TSP) values are within the same range of [14] (TSP) results
from the Kirkuk oil refinery (min. 230, max. 3555.6).

The (TSP) values in the studied area were higher than those cited in the guidelines of Iragi National Standards
[13], and World Health Organization allowable limits [2] (Table 2).

Speed and the intensity of the dust storms during these months are the main reasons for the differences in
readings of the two periods (Figure 3). It was noticed that the prevailing wind direction effected the distribution
of TSP. In this context, it can be seen that TSP concentrations were increasing at the direction away from the
industrial area. Similar results were noticed by [7] and they also noted that the maximum effect was about 5 km
from the industrial area while the pollution extended up to 15 km from the source (Figure 4) [7] [15]. Neigh-
bouring villages were also affected be dense pollution within 10 Km radius from the industrial area. The city of
Baiji got its share from the pollution produced by the industrial area although it is 15Km away from the source
(Figure 4) [13].

2) Heavy Metals Analyses: The mean values of Cd, Co, and Ni in study area were 0.07 (min. 0.02, max. 0.10),
0.08 (min. 0.01, max. 0.27) and 0.09 (min. 0.01, max. 0.45) respectively for January 2013. For July, 2013 the
values for Cd, Co, and Ni (ug/m®) were 0.07 (min. 0.01, max. 0.14), 0.10 (min. 0.02, max. 0.38) and 0.19 (min.
0.02, max. 0.63) respectively.

The comparison Heavy metals with guidelines showed that the Cd mean values exceeded the WHO allowable
limits but under the Iragi National limits for the two periods. While the Co and Ni mean values stayed under
these limits for the two periods. The increasing of concentration in July can be attributed to the increase of fuel
combustion operations at the industrial area as well as the effect of meteorological factors at this period.

3) GIS modelling for polluters impacts

Researchers describe the relationship between emissions, meteorology, atmospheric concentrations, deposi-
tion, and other factors concerning air pollution by numerical modelling [1] [3]-[5]. In this research, the Geo-
graphic Information Systems (GIS) was applied using Arc GIS 10.2 modelling version for measurements pollu-
ters in the air for the two sampling periods (January and July 2013). With ArcGIS Geostatistical Analyst, it can
easily create a continuous surface, or map, from measured sample points like levels of pollution which is stored
in a point feature layer or raster layer or by using polygon centroids. When used in conjunction with ArcMap,
Geostatistical Analyst provides a comprehensive set of tools for creating surfaces that can be used to visualize,
analyse, and understand spatial phenomena [16].

The polluter concentration was measured at 22 site locations over the study area (Figure 1), but the polluters
values for other (unmonitored) locations in the study area were also of interest. However, due to cost and prac-
ticality, the samples cannot be tacked from everywhere. Geostatistical Analyst provides tools that make optimal
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Figure 3. The relationship between the monthly average wind speed (m/sec) for January, April, July and October in Baiji
meteorological station for period 1980-2010 [7].
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Table 2. The statistical calculation results for all constituents.

Characteristics pg/m’ TSP Cadmium Cobalt Nickel
Min. 3119 0.02 0.01 0.01
Max. 1280.0 0.10 0.27 0.45
Concentration of January 2013 period

Mean 794.2 0.07 0.08 0.09

Sd. 264.1 0.03 0.07 0.13

Min. 1669.0 0.01 0.02 0.02

Max. 3985.0 0.14 0.38 0.63

Concentration of July 2013 period

Mean 2807.5 0.07 0.10 0.19

Sd. 775.6 0.03 0.11 0.17

Iraqgi national standards [12] 350 pg/m® 3 ug/m®
World allowable limits [2] 60 - 90 ug/m® 0.05 3 0.2

predictions possible by examining the relationships between all the sample points and producing a continuous
surface of polluter’s concentration, standard errors (uncertainty) of predictions, and probabilities that critical
values are exceeded.

a) Mapping the predictions of polluters concentration over study area

To produce a map that has a surface that incorporates spatial relationships among the sample points then
geostatistical options are to be used to remove trend and then modelling spatial autocorrelation of sample values
to create a more accurate prediction surface (prediction map) [16].

Ordinary kriging interpolation method was used in this work for trend removal and anisotropy to create better
predictions. Ordinary kriging is the simplest geostatistical model because of the number of assumptions required
it is the lowest relative to other models. The statistical analyses of data gave a global trend. After refinement
with the Trend Analysis tool, the result determined that a second-order polynomial seemed reasonable. The
formula was used to produces a surface that is too smooth to have maximum accuracy. This trend was repre-
sented by a mathematical formula and removed from the data.

Once the trend is removed, the statistical analysis was performed on the residuals or the short-range variation
component of the surface. The trend will automatically be added back before the final surface is created so that
the predictions produce meaningful results. Figure 5(a) and Figure 5(b) and Figures 6(a)-(f) show the GIS
maps with prediction (trend removal) layers for polluters in study area for the two periods. The prediction sur-
faces of these maps took into consideration the global trends in the data and were adjusted for the local direc-
tional influence which provides a better prediction of unknown values. The GIS maps show the prediction val-
ues as filled contour (zones) for all polluters. It can be noted that polluters concentration have global trend of
north and northwest to south and southeast. Also, the polluter’s concentration change rapidly in the southwest-
northeast direction and a more gradual change in the northwest-southeast direction. This is attributed to the pre-
vailing wind direction in the study area.

b) Mapping the probability of polluters exceeding a critical threshold

In the decision-making process, care must be taken in using maps of predicted polluters for identifying unsafe
areas. That means the determination of any locations where it value exceed the Standards (critical threshold)
values of polluters when the samples were taken in the study area.

For present work, the WHO [2] standards were considered. To aid the decision-making process, the Geosta-
tistical Analyst with indicator kriging model was used to map the probability that polluter’s values exceed the
threshold value. The indicator kriging transformed the polluter’s values to a series of Os and 1s according to
whether the values of the data are below or above a threshold [16]. For example, if a threshold of Cd (0.05) was
used, any value below this threshold will be assigned to a value of 0, whereas the values above the threshold will
be assigned a value of 1. Indicator kriging calculated from the O - 1 dataset and go on for all polluters threshold.

Figure 5(a) and Figure 5(b) and Figures 6(a)-(f) show the probability map (Indicator Kriging layer) for pol-
luters in the study area. There is no need to create the probability map for Cobalt (Co) concentration because it
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Figure 5. Prediction and Probability GIS maps for TSP concentration in study area. (a) TSP January concentration in study
area; (b) TSP July concentration in study area.
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Figure 6. Prediction and Probability GIS maps (a-f) for heavy metals concentration in study area. (a) Cd January concentra-
tion in study area; (b) Cd July concentration in study area; (c) Co January concentration in study area; (d) Co July concentra-
tion in study area; (e) Ni January concentration in study area; (f) Ni July concentration in study area.
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did not exceed the standard for two periods. Also, all TSP concentrations exceeded the standard value during
July, and no probability map was created for this period. The maps display the indicator prediction values, inter-
preted as the probability to exceed the threshold value. The GIS maps show the probability values as contour for
all polluters. These contours represent the area of exceeding threshold (standard) values with different probabil-
ity values. That means each contour value represents the level of concentration value for a specific polluter.

The GIS maps now show areas of high and low predicted of polluter’s values and areas of high probability
that the polluter’s concentrations exceeded the Air Quality Standard when the samples were taken. It is note-
worthy to mention that [7] arrived to a very similar result.

5. Conclusions

The difference of TSP concentrations between the two periods reflects the effect of the wind direction, wind speed
and the intensity of the dust storms during these months respectively.

1) The increase of heavy metals concentration during July can be attributed to the increase of fuel combustion
operations at the location.

2) ArcGIS Geostatistical Analyst can save time and cost in similar analyses.

3) The GIS Predictions (trend removal) maps succeeded to predict the values for all polluters for the whole
study area. Also, the GIS Probability maps indicate the probability of some polluters exceeding critical standards
in the study area.
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