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ABSTRACT

This study aims to evaluatee concentratioof the heavy metals (Co, Cd, Cr,
Cu, Ni, Pb, and Zn) and their ecological risk in sdidjacent to the power
generators of Ramadi city, Iradhe soil samples were collected from a depth of
20cm. The obtained results showed thlé mean concentrations dfeavy metals
(HMs) arerankedasin the following order. Cr (360.90mg/kgy> Ni (283.65mg/kg)
> Zn(190.96mg/kgy Pb(130.75 mg/kgp Cu(36.54 mg/kgp Co(16.62 mg/kgy
Cd (2.55 mg/kg) The mean values of HMs concentration exceednternational
guidelines. The result of correlation matrix analysis &t @05 showed significant
correlations betweethe concentrations dfiMs. Thesecorrelations are interpreted
in the context of a common source of pollution and/or common origin. Results of the
potential ecological riskactor assessmenf metali (E') in soil adjacent to the
power generators of Ramadi city showed that Ehevalues take the following
descending order: N§354.56,very severe) > Cd255.31, severe) Co (207.77,
severe) > Zn§8.69,heavy) > Cu 25.73,light) > Cr(17.43,light) > Pb(12.0,light).
The potential ecological risk indefRl) values are classified as severe ecological
risk for all studied heavy metals. This study provides the environmental protection
managers and decisignakers with important information about the risk of using
electrical generators in residential neighbordeo
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INTRODUCTION

One of the serious global environmental problems is the heavy metal pollution of air, water, and
soil. The seriousness of the heavy metal pollution is due to toxicity, bioaccumulation, abundance, and
persistence of these met§l§. Heavy metals are wabpread in the environment and whilst some of
the metals are of geogenic origin (rock weathering and volcanic eruptions), the majoréieased
from anthropogenic activities. These include industrial, agricultanadl domestic activities. The
accelering urbanization and industrialization over recent years have increased both ecological and
human health interests for environmental pollution by heavy mefalin recent years, soil pollution
with heavy metals has received great attention as a glababnmental issue. The sources of releases
of heavy metals thareintroducel to the soil, especially urban sqilsre the industrial activities, coal
and fuel burning, vehicle emissions, mining operations, fertilizers and pesticide usage, munidipal sol
waste disposal, and other wadtgls Coal and fuel combustion releases fly ash, particulate matter, and
potentially dangerous heavy metals, which have harmful effects on humans and [#ildferrently,
the predominant emitters of mercury, acid gases, and many toxic metals in the United States are power
plants[5]. Data from the United States Environmental Protection Agency (USEPA) show that 62% of
As, 28% of Ni, 50% of Hg, 22% of Cr, 13% ofQy and 60% of S¢) that are toxic air pollutants
come from power plant§]. Many researchers investigated emissions of heavy metals from thermal
power plants and diesel engine generatorsaamsdssetheir risks tohuman healttand environment
along wth theirecological risk on soil and watel5, 7-11]. The heavy metals are transported from the
soil, accumulatedn the plant tissuesandthenconsumed by humans. The heavy metals accumulate in
fatty tissues and affect the activities of nerves, endecrand immune systesn normal cellular
metabolism, etc[12]. There is anincreasing use of diesel engine generators to generate and supply
electrical power for the citizendue to the governmaeditinability in Irag Since2003, the government
has been unable to meet the citizen's needs for electrical power from the large power plants. This
inability prompted private investment in the use of diesel engine generators to supply citizens with the
electrical power. The motivatioto carry out the current study is that most of these generators are
locatedwithin residential neighborhoods, causing human health and environmental risks. The current
study is the first attempt in Iraq to investigate the heavy metals emitted from dlestical
generators and their effects on sharoundingsoils. The effectsof lead pollution on soil and plants
around four power generators in Baghdad were investiga8dThe aims of our study arefirstly,
the evaluation of concentrations of lwyametals in neighboring soils of power generators in Ramadi
City, the capital of AlAnbar Governorate, Iragnd, secondly, thassessmertf ecological risks of
heavy metals in neighboring soils of power generators. The obtained results provide theakaon
and environmental managers with important information to deal seriously with the risks of using
power generators in the residential neighborhoods on the human environment andTheatilso
emphasizehe need to find environmentally friendly altatives.
MATERIALS AND METHODS
Study Area
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Ramadi is a city in Irag, about 110 km west of Baghdtad.located at 33°2 Nj 11 nj N, 43A
(Figurel). It is the capital of AlAnbar Governorate. Ramaidistretched
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Figure 1- Location map of the studarea and the power generators

over an area of about 180 krifthe data of Anbar Governorate Statistics Directodat®onstratethat

the population of Ramadi Ciipm 2018is 458280 capita. Ramadi is surrounded by the Euphrates to the
north, the suburbs to the east, the Baghda@#im railway line to the soutland the Warar Canal to

the west. More suburbs exist to the west and northwest of the canal and north of tregeSuphr
Ramadi City has a hot desert climatbere the typical annual temperature being 22.4MGst rain

falls occurin the winter with an annual of precipitation rate of about 115.rkifty - one generators
operate daily at an average of 12 hours. Thal faroductioncapacityof thesegenerators is 21.486
MV.

SamplesCollection and Analysis
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Soil samples were collected from thejacencyof thelocations of theeneratorsita depth of @0
cm, using shoveldevices Every soil sample consisted ofsdbsamples. The sampling site locations
were recorded by the use of Garmin 72 GBSA. In every sampling site, an aggreghsamplewas
made through the mixing of the four subsamples. Plastic bags were used to keep the soil samples.
These sampleswerethe dri ed i n the oven in the | aboratory
sieved using a 106m stainless steel sieve. The sieving process was carried out to remove large
debris, gravekized materials, plant roots, and other waste materials. sihgples were then
homogenized with porcelain pestle and mortar. They were kept in polyethylene caenthiiag
ready for digestion and analysis. Closed vessel microwasested acid
digestion technique under high temperature and pressure has bectime[td], which avoids the
external contamination and requires shorter time and smaller quantities of acids, thus improving
detection limits and overall accuracy of the analytical mefhbf 0.5g of soil sample wgdacedinto
the reference vessd\. volume of25 ml of mixture (HCI:HSQ,: HNO;, 3:2:2) was then added to the
reaction vessel which was inserted into the microwave unit. The digested solution was cooled and
filtered. The filtered sample was then made up to 50ml with distilled water and rkegpecial
containers. AAS (Atomic Absorption Spectrometry) instrument (Phoed86, USA) waautilized to
detect and measure heavy metal content in the soil samples.
Potential Ecological Risk Assessment _
Hakansor{16] proposed the potential ecological risictor (E;) to assess the ecological risk posed by
heavy metain sediments and soils. Thg & calculated using the following equations:

: ‘ (2)
Cf' = Csi
) .Cr Ci (2)
El=T,'x ==
el (3)
E'=T/xcC,

WhereEr is the potential ecological risk factor of meitathf is the toxic respondactor of

metali. TheTf values of heavy metals are 30, 5, 2, 5,1, 5, 5, and 1 for Cd, Co, Cr, Cu, Mn, Ni, Pb,
i i

and Zn, respectivelyCS is the metal concentration in a sediment or soil sample gr’idis the

referencevalue of metali. The potential ecological risk mdeR() is the sum of the risk factemlues

of all heavy metals at the sampling sites: 4

vy pling R| = a £ 4)
Eris categorized into five classes: ligf& 4 0) , mo d\e<r a8tOe) ,( 4n0e<d@®; ( 8 0 OE
sever e €320)@andwryBevere(EO 320). RI is classij4i5®,d i nto

moder at g 3(01050 O hR;<600y,ands&vér®d (DR 0 0 ) .
Data Processing

Descriptive statisticgncluding mean, minimum, maximum, standard deviation, standard error, and
covariance as well as the correlation matrix analysi@re carried out using Statistica 13 software.
Calculations of Eand RI were conducted using Microsoft Excel. Geospatial distribution maps, of E
and RI were drawn using Surfer 11 software.
RESULTS AND DISSCUSION
Concentrations of Heavy Metals

The descriptive statistics of the analyzed Hils well as those for thieternationalguidelines are
given in Tablel. All mean values of HM concentratisrexceeded the guidelines. Thelues of
concentrations of heavy metdlkea descending ordeas follows: Cr > Ni > Zn > Pb > Cu > Co >
Cd. The coefficient of variance (CWalues ofCu (65.97%), Pb (64.99%), Zn (63.70%), and Cd
(30.34%) are higher than those of Ni, Cr, and Tus result suggests that Cu, Pb, Zn, and Cd had
greater variatiomamong the soil samples gritence,may be influenced by external factossich as
anthropogenic activitiegl7]. When comparing the mean concentrations of HMs in the soil of the
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study area wit those reported for urban soils in a number of Iragi ¢itsesfind them to be either
higher or lowey Table2.

Table 1-Results of descriptive statistics analysis of HMs inssadljacentto electrical generators in
Ramadi City along with values athe internationaguidelines

. USEP
HM MeaP Minimu Maximu | Std.Dev | Coef.Var Brazilian A CCME
mg.kg SQG SQG
S m m SQG
18] | Ty | [14]
Cd 2.55 1.46 3.92 0.77 30.43 0.3 0.6 0.6
Co 16.62 12.25 21.09 2.32 13.96 0.4 - -
Cr 360.90 124.60 584.82 84.75 23.48 411 25 374
Cu 36.54 9.79 86.67 24.11 65.97 7.1 16 35.7
Fe | 1592.33 921.10 2818.06 | 398.74 25.04 1500 30 30
Ni 283.65 159.87 397.37 66.73 23.52 4.0 16 -
Pb 130.75 15.63 295.12 84.98 64.99 54.4 40 35
Zn 190.96 17.98 443.73 121.65 63.70 10.4 110 123

*Higher than guidelines

Table 22 Mean heavy metal concentrat®orimg/kg) in soil samples for the study areath
comparisoswith other studies in Iragi cities

City Cd Co Cr Cu Ni Pb Zn Reference

Ramadi | 2.55 | 16.6Z | 360.90 | 36.54 | 283.65 | 130.75 | 190.96 | present study
Al-Nasiriya 2750 | 116.3 | 27.30 | 147.10| 16.84 | 57.30 [20]
Baghdad | 18.64| - 365 | 1564 | 30.71 | 1.99 | 23.71 [21]
Basrah 2.8 - 60.9 - 36.90 - - [22]
Duhok 3.42 | 40.54 78.73 | 88.28 | 308.86 [23]
Erbil 0.35 66.3 | 53.1 | 67.6 | 2563 | 98.41 [24]
Fallujah 0.64 | 343 | 1159 | 2.01 | 8.96 3.82 5.50 [25]
Hawega 36.29 | 3105 | 35.7 | 152.3 - 51.33 [26]
Kirkuk 10 - 61.30 | 6.70 | 38.20 10 - [27]
Wasit 22 | 134 226 547 | 188.9 | 32.2 | 117.6 [28]
Tikrit 20.33 | 108.66 | 23.66 | 113.66 | 37.16 57 [29]

*Higher; * Higher or Lower

Cd concentration in the study area ranges from 1.46 to 3.92 nwitkga mean value of 2.55
mg/kg. The mean value of Cd concentration exceddedyuidelinesWeathering of Cdich rocks
increases soil Cd content(]3 High concentrations of Cdiererecorded in sof around power plants
that use fossil fuel of various types as energy soyi;ekl]. The source of Cd in diesel fuel is likely
from fuel and engine wedB1]. The magnitude ofCd emissions from diesel fuel depend on its Cd
content thus beingeither detectabler undetectabld32]. The Cd sources in soil of the study area
mightbe anthropogeniffuel combustion emission®) geogenic

Co concentration in the seidjacent to the power generators in Ramadi city afigen 12.25 to
21.09 mg/kgwith a mean value of 16.62 mg/kg. The mean value of Co concentration exceeded the
guidelines.The diesel fuel content of Co is either free of Co or with very low cardepending oiits
type[31, 32, 33, thus the Co emission from diesel fuel is vinwy. Anthropogenic sources abbalt
in soilsincludeindustrial processesndleather and tannery factorig34]. Due to the laclof leather
and tannery factories, low emission of Co from diesel fuadthe urbanized naturef the study area,
the Co in the soil samplesdsnsidereaf geogenic source.

Cr content in soil samples adjacent to the power generators in Ramadi city ranges from 124.60 to
584.82 mg/kg with a mean value of 360.90 mg/kg. The mean value of Cr content exceeds the
guidelines. Diesel exhaust emissions elevate Cr content in theDseskel fuel contains different
concentrations of Crdepending on the type of fueln experimental studiesseveral authors
inverstigsted the Cr emissions from diesel fuel using diffeegittypes[31, 32, 33. The Cr content
in the soil adjacento the electricity generatormight originatefrom weathering products of the
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ultramafic igneous rocks in Turkey and Syria that were brought by the EupRre¢esin addition to
its emissions from diesel generators.

Cu concentration in the soil adjacent to the power generators in Ramadi citg framged.79 to

86.67 mg/kgwith a mean value of 36.54 mg/kg. The mean value of Cu concentration exceeded the
guidelines Significant Cu emissions as oil residue (waste) from fuelveitereported by Reddst al.
[33]. Cu accumulates in the top horizon of the soil profithich reflects its bioaccumulation and the
recent anthropogenic sources of the mg38). The increase of Cu contenttime soil samples of the
study area is possiblgue toits emissions from diesduel usedto generate the electricity by
generators

Ni content in soil samples adjacent to the power generators in Ramadi citg famyel59.87 to
397.37 mg/kgwith a mean value of 283.65 mg/kg. The mean value of Ni concentration exceeded the
guidelines Oil- and coaHired power plantsas well astrashincinerators also release Ni into the
environmen{35]. In previousexperiments, many authors reported Ni emissions from dies€dl3fLiel
32, 33. Significant Ni emissions as oil residue (waste) from fuelveitereported, and the enrichment
factors were higher thaihose ofthe other heavy metaJ83]. The high concentration of Ni in soil of
the study area can be explained in terms otlitse proximity to the source ultramafic rockis
addition tothe Ni emissions as oil residuasd botton ash from the diesel engine generators.

Pb content in soil samples adjacent to the power generators in Ramadi city ranges from 15.3 to
295.12 mg/kgwith a mean value of 130.75 mg/Kkgp enters the environment when it is released from
mining fields oflead and other metals, factorig®ducing or usindgeadand itsalloys, lead compounds
from coal combustion, and vehicle exhaust{i8@]. In earlier investigationshigh Pb emissions as oil
residueof fuel oil used in the power plants werg@ogted[33]. The high concentrations dPb in the
soils adjacentto the power generators in the study asra mainly caused bydiesel generators
emissions

Zn concentration in the soil adjacent to the power generators in Ramadi citg fleamgel 7.98 to
443.73 mg/kgwith a mean value of 190.96 mg/kghe anthropogenic sources of ircludetraffic
emissions mechanical friction of vehicles, mining, steel processimom oil pools, coal and waste
combustionand fuel emitted from generasdd, 37. Reddyet al. [33] found thatZn shows higher
enrichment factors for oil residue in fuell-based power plantsThe lubricant oil combustion is a
source of Zn emissiof88]. The high content of Zn in soils adjacemwtthe power generators in
Ramadi City can be attributed to the engine diesel oil and lubricant oil combustion by generators.
Correlation Matrix Analysis
Correlationmatrix analysigs an effective tool to show the relations between pialtiariables and to
understand the influencing factors as well as the chemical parasoeteres[39]. The correlation
relations between heavy metals provide important information about sources and pathways of heavy
metals[40]. In general, a correlation coefficient0.70is interpreted as a strong correlation, while the
value between 0.50 and 0.70 reflects moderate correlation, and the value less than 0.50 is interpreted
as low correlation [4]. The resuls of correlation matrix analysis at a significant level¢(p.05) are
listed in Table3. The strong and moderate correlations iarerpretedn terms of the common origin
or source, while the low correlatiaefelects the different origin or sourcéhe results showed a
positive strong correlation of Cu and Pb ith the other metals (except for Cryith the highest
correlation coefficienbeingbetween Cu and Pbmplying thatthese latter two metatsriginated from
the same source. The deposition of these metals in the soil is associated with the emissions of fuel
engined42).

Table 3-Correlation matrix analysis for HMs in seidjacentto the eledtical generators in Ramadi
City

Metal Cd Co Cr Cu Ni Pb Zn
Cd 1
Co 0.34 1
Cr 0.11 0.15 1
Cu 0.66 0.45 0.01 1
Ni 0.11 0.34 0.25 0.37 1
Pb 0.54 0.42 -0.20 | 0.68 0.46 1
Zn 0.47 0.13 -0.12 | 0.53 -0.08 0.34 1
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"Marked correlations are significant at p < 0.05.
Spatial Distribution of Heavy Metals in Soli

Spatial distribution maps dfeavy metalsvere conductedy usingsurfer 13softwareand the
interpolation method used was IDW (Inverse Distance Weightasg) demonstrated Figure2. The
spatial distributiormapsshowedthree high anomalies (hot spotf)Cd, two of Co, one of Cr, four of
Cu, three of Ni, two of Pb, and five of Zihese hot spots dedlme the high concentration of heavy
metak in the soil sampling site ascompared to their surroundingShesehigh anomalies are

433 43305 4331 43315 43275 4328 43285 4329 43295 433 43305 4331 43315

43275 4328 43285 4329 43295 433 43305 4331 43315 43275 4328 43285 4329 43205 433 43305 4331 43315

43275 4328 43.285 4329 43295 433 43305 4331 43315

Figure 2-Spatial distribution of HMs in sdladjacento electrical generators in Ramadi City.

explained in terms of the widespreddtribution of the generators and/or the proximity @f
number ofthem to the streets of Ramadi Cithhis, in turn,ndicates theimpact of traffic emissions
in addition to diesel generators emissidnghe elevationof the studiedHMs concentrations.
Ecological Risk Assessment _

The descriptive statistics resultsfand Rl of HMs in urban soils of Ramadi City are listed in Table
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-4. The descending mean valuesEpfre ranked as follows: N Cd> Co>Zn > Cu> Cr> Pb. The
mean values oE, for Ni, Cd, Co, and Zn indicate very severe, severe, severe, and heavy potential
ecological risks, respectively. The mean valueg, 'dbr Cu, Cr, and Pb are classified as light potential
ecological risk. ‘

Al-Heety and Sao{#43] calculatedE,’ of different HMs in the urban soils for several Iraiies
They found that the mean value Bffor Cd in soils of Baghdad, Duhok, Basrah, Erbil, and Fallujah
citiesare classified as severe, severe, heavy, head light potential ecological riskegspectively.
The mean value d&' for Ni and Zn inthe soil sampleof the current study is more than that reported
earlier [43]. The light potential ecological risk for Cu, Cr, and Phthe soilsof the study area is
consistent with that inferrepreviously[43]. The high values oE/ for Ni, Co, and Zn depend on their
concentrations, while thg' for Cd depends on its toxic response factor and concentration.

The RI value ranges from 697.28 to 1347.@8h a mean value of 961.54. According tioe
categories of RI [16], the RI values are classified as severe ecological risk. The contributiens of
single ecological rislE' in RI take the following descending ord&i > Cd> Co> Zn > Cu> Cr >
Pb. There is a relation between the IR valugtartype, concentrationand toxicity ofthe HM, while
the lower Rlreflectsa lower content of the HM and slight toxici#g4]. The obtained RI value for the
urban so# in Ramadi City wasigher thanthat reportedoreviously[43] for soils in Baghdad. The
high RI valuein the urban safl of Ramadi City can be attributed to the anthropogenic activities, such
as emissiosfrom the power generators, traffic emissions, atmospheric deposition, and other human
activities. The spatial distributioof RI in the urban soil of the study area is shown in Figuréhere
are two hot spotthatreflect more severe risks théme surroundings. These hot spots are surrounding
and including a larger number of electrical generators, and in turn, are moeéxp emissions of
HMs from the burning of fossil fuels used in power generation.

Table 4-Results of descriptivstatisticalanalysis of potential ecological risk index (Eri) and risk index
(RI) values of HMs in safladjacento electrical generatolis Ramadi City.

Metal Mean Minimum Maximum Std.Dev. Coef.Var.
Cd 255.31 146.70 392.23 77.69 30.43
Co 207.77 153.20 263.65 29.01 13.96
Cr 17.43 6.01 28.25 4.09 23.48
Cu 25.73 6.89 61.04 16.97 65.97
Ni 354.56 199.84 496.72 83.41 23.52
Pb 12.01 1.43 27.12 7.81 64.99
Zn 88.69 8.64 213.33 56.90 64.15
RI 961.54 697.28 1347.33 183.92 19.10

33435

33.43

33.426

33.42+

33.415+

33.41

33.405+

43275 4328  43.285 4329  43.295 433 43305 4331 43315

Figure 3-Spatial distribution of ecological risk index (RI) of HMs in saldjacent to the eleital
generators in Ramadi City
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CONCLUSIONS and RECOMMENDATIONS

The studiedsoil is polluted byCd, Co, Cr, Cu, Ni, Pb, and Zn, which are reledsgdhe burned
diesel and traffic emission$he HMs in the sod adjacent to the electrical generators in Ramadi city
showed different grades of potential ecological (ER, rangingfrom very severe to lightlong with
severe ecological risk index (RNVe recommendhe decision makesrto focus on rehabilitation and
development of the national electricity network to rediieedependence on electrical generators for
supplyng households with electrical poweawhich, in turn reducedHM release into the environment.
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