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Abstract

In this research, measurements of total (TSP) and fine suspended particulate PMy,
PM,5, PM7 and PMy, at Badoosh cement factory were carried out. Seventeen locations inside
the factory are selected. The effect on soil around the cement factory was also studied by
collecting samples in the four directions North, South, East and West to a distance of five
kilometers from the factory with one kilometer spacing. The result of the study revealed that;
the concentration of very fine suspended particulate PM, s was over the international standard
limits at dlfferent locations of the factory and the overall average concentration for the factory
was (47 [g/m?). For PMy, suspended particulates, the results at all locations were over the
international limits and the overall average concentratlon reached 869 [ g/m® which was
much more than the standards of 150 [g/m°. On the other hand, the total suspended
particulate concentration exceed the standard at several locations in the factory. Significant
correlations were found among the suspended particulate concentrations according to their
size. The results of soil test around the cement factory showed significant differences of
oxides percentages among the directions. Higher percentages were recorded in the South and
East directions than North-West direction. The results also revealed that the percentages of
SiO; and Al,O3 were 40.94% and 10.53% in the east direction whereas higher percentage for
Fe 03 (4.86%), CaO (36.81%), MgO (4.49%), and SO;3 (0.76%) were recorded in the south
direction of factory.
Keywords: Air pollution, Particulate, Cement industry, Soil contamination.
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(NAAQS, 2013) o/el e 5 5k 35 2allll o1 sell e 51l cisandl gt ixs *
Colal 2 5 Sike) Citand) Jana (a5 jlida @l ga 3 PMy Zllall 3821 380 53 (3)

128



Gl /aad) Ggaly Culaw piuaa b 43 ggd) (3B & glil) il gl anddl g 2anY]

Tukey | npox. | Min. SD Mean dsall
group
A 747 82 221.55 315.92 /
A 1122 62 354.21 521.83 /
A 888 111 259.22 340.08 4 5basl) Cla sadl) s
A 976 59 288.65 425.5 Alalgia ) 3 sall (5 H3a
A 895 69 216.16 365.42 Sl 45 ) 5l
B 9084 | 276 2532.3 3437.8 A5 2l gall (sl sha
A 7057 | 101 1939.85 1114.42 Jlanll 48 2 /3) gall (pal sk
A 1822 29 523.6 419.92 A5 3 gall ) A
A 1435 | 119 362.4 444,83
A 2228 15 642.99 526.33 3kl 48 ¢ /5 )Lus)
A 1701 25 461.01 604.5 /
A 1911 34 469.62 706.17
A 2957 15 960.3 1007 Jala /el sl sh
A 2227 46 717.49 765.75 4 e /el Gl sh
A 5470 9 1555.51 1034.5 /
B 7448 13 2363.83 3089.58 /
B 6759 | 290 2191.17 3016.5 3 k) /Chiand) dims
Tukey (P<0.05) 4; sixa (5 sisun 2ic
(Sﬁ/ﬁ‘JéﬁJSﬂu) Giend) Jara (e 5 )lida cﬁ\}a (55 PMyg aallall (g3l8all S 53 (4)
Z‘X'r gTr‘:)lfl‘;)% Max. | Min. | SD | Mean i sall
*235 A 1029 122 | 318 443 /
*411 A 1775 70 513 776 /
*246 A 1185 169 | 339 465 4 5bal) Cla sadll yiida
*340 A 1450 84 454 642 Alalgia ) 3 sall (5 H3a
*208 A 1533 85 380 563 ASalSaall A5 ) 5l
*2761 B 10000 | 394 | 3063 | 5214 A5 2l gall (sl 5ha
*808 A 10000 | 158 | 2749 | 1696 Jlanll 48 )2 /3) gall (pal sk
*406 A 4357 45 1204 767 A 5Y) a gall
*339 A 1651 178 | 442 640
*303 A 3370 28 929 742 3kl 38 e /3 jLusl)
*497 A 2547 25 690 938 /
*534 A 2687 53 659 1008
*941 A 5373 23 1773 | 1776 Jals /el sl sh
*614 A 3337 68 1109 | 1159 4 e /el Gl sh
*871 A 8481 14 | 2345 | 1644 /
*2877 B 10000 20 | 3645 | 5432 /
*2418 B 10000 | 508 | 3196 | 4567 3 k) /Chiend) dis
*869 - 10000 14 | 2337 | 1640 (Av- 24 hr) a2l
Tukey (p<0.05) 4 5ire (5 sisa Yic

#

(NAAQS, 2013) 3a/al s 5 Sie 150 4allll 5 ¢ sgll e 53l 4,83 pa¥) Apudil) Ciladaall bt Jini *
Cole s 5 580) Ciiand) Jara (g 5 )l @8 e & PMyo 20 Adlladl 3620 580 5 (5)

129



Al-Rafidain Engineering Vol. 23 No. 3 June 2015
Av-24 | Tukey | rpax. | Min. | SD | Mean sl
hr group
299 A 1379 170 418 565 /
*551 A 2679 78 690 1041 /
299 A 1339 232 374 564 45l Cla sadl) s
456 A 1864 116 615 861 Aplaliia¥ 3l sall (¢ 3
423 A 2242 98 578 799 Sl 4 Sl
*3955 B 10000 | 533 | 3019 7468 A5V Al el a5k
*1221 A 10000 209 | 2784 2117 Jlaall 4 je /3] gall cpa) 5l
*701 A 8861 55 2446 1325 A5l all ) e
453 A 1815 252 550 856
*502 A 4346 45 | 1170 | 948 8 ksl 48 2 /5 Lusl)
*705 A 3543 144 967 1332 /
*685 A 3235 77 803 1293
*1438 A 7835 38 2756 2715 Jahy /el Gl sk
*810 A 4559 95 1491 1530 A ,e /iand) (pal sl
*1177 A 10000 20 2717 2223 /
*3503 B 10000 27 3746 6614 /
*2885 B 10000 733 | 3152 5448 Bkl /Ciand) s
*1147 - 10000 20 2802 2166 (Av- 24 hr) Jal)
Tukey (p<0.05) 4 5ire (5 sisa Yic #

Salal o2 558 500 Al 5 e luall shaliall 8 ol sel) dae 51l dipall dpuldll Cilaasall las Jni *

50 y = 0.0533x +4.449
45 r=0.54
p<0.001

PM1 (mgfm?)

0 50 100 150 200 250 300 350 400 450 500

PM2.5 (mg/m?)

Adllad) Claswdd) a8 5 O A (1) Jsea

Jarad) (A PM2s 5 PMy

35/9\};)5-,&4 50 Lﬁj‘-‘-{-} (Ann. AV) -

SUBe 3 ga g g m Bl Jalae LIS ekl
Ce Socad L Lasd dac Ul dallall (338011 3SH 35 5y 40 gina
(1) JSal (g AN Aallall (B2 3 S0 55 ae Lglals )
e Ul Aallal) 38011 3€ 55 e A ko A gine Lol ) A8Mle
L}:I_’.J'L__I Cabaw Jaza LH PME.S aallall J—’G‘J-h} le laa
3¢ (p<0.001) Ay sinars 0.54 s Y1 Jalae S 5 2aal)
1 JS g 2o/l 2 5,880 0.053 laies PM S 55 22 3y
PMps 5305 /el e 5 S

453 5k (p<0.001) 4 siae Lol ) A8dle s g
S 53 2133 31 «PM7.5 PMa 5 0 0.80 i) Jdaay
1 S ool e s S« 12.419 Jla—ia PM;
(2 ) PMas 8 834 ) 2o/l g 5 Sika
P e Ll 5o 6 8 PM7 - PMyg o A83al) cailS

333 3 ¢ (p<0.001) & sinass 0.978

I S g o/l 2 5 S 0.6141 Jlaias PMy 3-S5
Gila s LS | (3 JSall) PM g (28200 “a/al g 9 Sila
Al ARl BB 5 5 G A 8 A gima LS ) A8
Ll ) Jslrag g apaall i golo Cie s Jare (4 PM g5
0.7681 laia PM o &allall 380l 381 35 212 35 31 0,98
A0S Aallall BB 38 5 835 F/pl e s Sie | JS aa
(4 )
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a3 &uss ¢0.857

48Rl o'JA} '3?/6\)‘.;})5"31"\ 100

PMas
PM1o 3wl xie 3o/l 2 5 Sile 4

PMig 0 43 b 4 gine ol )l 483e (5) JSAN (s
PM,.5 &llall G5 58 5

(sleaid Ata 8 (5 ksl & hill il 53 & (Wenchang, 2013) Was s il s sall 2kl 28301

10000 10000 =
[ y=0.6141x +22.239 F oy = 12.419x - 107.12
r=0.978 9000 ++=0.80 s
I E p<0.001
2000 p=0.001 8000 © p
° E =
_ [ o8 7000 .~ ./
] ] o
) % E E p
E 8 .
= i g 5000 ;
= 09 ° ~ 4000 §
e ® = E
I & 3000 +
2000 ¢ 2000 £
1000
0 I e By o 0 ;-.Ilin--II-II-..I...
0 2000 4000 6000 8000 10000 0 100 200 300 400 500 €00
PM10 (mg/m?) PM2.5 (mg/m?)

AUlal) Clapedd) 38 5 O ADaD) (3) Jsa)

Ciawd) Jara 2 PM7 3 PM10

AM)) Clasul iS5 G ADRD) (2) JSa

Cidawd) Jara 2 PM7 3 PM2.5

e 10000
ry=0.0409x +30.547 T -
[ r=0857 y = 0.7681x - 51.979
300 T p=0.001 r r=098
[ - 8000 1 p=0.001 ®
400 - = = [
T E 6000 |
= ® &= L
E3N0 T e, ® £
et L ] L
o i £ 4000
[ E T
= 200 { o o
= 2000 1
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S~
0 e I B 0 L
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PM10 {mg/m?3) TSP (mg/m?®)

Al Clasad) 3815 G ADd) (5) JSA) Al Cleswadl 385 Gm A (4) s

Ciewd) Jara 2 PM10 3 PM2.5 Ciawd) Jaza (2 PM10 5 4usy

L o Tl el il
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Cuias Jare o8 jlask€ aaly IS clilbn o 33 5alall 4 il Clia gad &5 Ve (6) Jsaadl O
2 LSy cpalls 3Ll 5 csiall s Jladll 4y )1 ClalaiBl s yiaslS 5 aaly sl (5ol
laele 2ulSY) aaead (P<0.001) 4 sinans 4 ¥) ClalaY) cp dnlial Galadd)l MulS) a8 4y gine B 5 8
.(p<0.05) 415120 (5 sine 2ic CAAY) IS8 o gusizall 20
LS A 3al ) Jaadl (Tukey) L) aladiuly aws A sial) il Jase o 455l aie
Aihaiall & 325l AL N oladl (o 5m o) Sy sl all s Jedl) e (5 sina (A5 (LA il alail
Sl 640,94 cialysy AoV & Jasall 858 4 5l s sV 5 IS0 G cilS sid |y jall el (e daaldl
woall 0S¥ 064,61 @iy Jamall (o gin olails Ll (8 2lSYI A8 Jane o) O s (B el 9610.53
Lo aa Gadaly 138 5 <y Sl 2S5l G 940,76 5 o sssiieall 20uS gY 9%4.49 5 poandlSll 20iS 0¥ 0436.81
lghe dadlal  Qlig Jorall (o )lad) Lailodly i Janal 48 50 Ay giall dakaid) 5l LaaY 31 (2005 5 sell)
_ ol i) o 8

Aol ) Adlaie 8 (g jlad) Jadlud) il 5 olat¥) cana 2 i) 3 2lSY) o Y 2ea (6)

Oxides Direction Mean (%) SD Min. Max. p-value
N 21.12° 4.82 15.56 28.96

. S 35.33° 1.85 31.96 37.77

SIO; E 40.94° 7.03 33.46 52.76 <0.001
W 34.13° 3.77 24.88 37.41
N 5.91° 1.42 3.60 8.86
S 10.17° 0.70 8.73 11.13

Al0s E 10.53° 1.11 8.24 11.97 <0.001
W 8.57° 1.28 6.50 10.60
N 2.37° 0.58 1.56 3.52
S 4.86° 0.49 3.41 5.36

Fez0s E 4717 0.49 3.28 512 | <0001
W 3.96" 0.78 2.72 5.47
N 22.16° 1.91 19.49 26.04
S 36.81° 3.49 30.31 42.05

Ca0 E 23.59° 337 1007 | 2049 | 0001
W 22.15" 2.11 18.41 27.44
N 3.58" 0.77 2.37 5.49
S 4.49°% 0.85 2.46 5.90

MgO E 3.87% 0.89 2.59 5.41 <0.05
W 4.29% 0.67 2.46 5.01
N 0.19° 0.21 0.01 0.65
S 0.76° 0.48 0.17 1.78

SOs E 0.497 0.40 0.04 164 | <0001
W 0.21° 0.20 0.05 0.90

......

44 28
az £ 26
40 T 24 -

22

Ca0 [%)

3z
36 |

Ca0 (%)
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Gl /uaadl G galy Cuiaw aliaa b 4 gl (GBI & gl il ghae anll 15 aa Y

AN (0 agadlSl) MaS g Apei T (7) JSAD Al (B agaellSl) MaS ) Ape il (6) JS)

) ladly Jarall (£ NaiY) aa Juadd) sladly Jaral) (6 SaiY) aa
26 30
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24
26
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— 24
e —
o =
Q 20 = 22
o m
Y 20
18
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16
16 -
14 } ; T ; t 14
o 1 2 3 4 5 5 o al 2 3 4 5 6
Distance (km) Distance (km)

WA (0 pemallSl LS gl A s (9) g gy 0 pseallS LS g A s (8) JSa

AN ol Jarall (5 JUGY) Ra G oladly Jaral) (8 i) e
H

Gisl e Jalae o Adlaall o)) pe Al (A s sl 20uS gl A a5 (9 - 6)
4 saall Al paliadl JSEY) oda (e gy (sl e caally @l cosiall s Jleddl dxy )Y SlalasU

2 Gsby cally cgially Jlelll Glalas) 3 oS 1 (358 Jderall e Adladl) ) 2o 4511 8 CaO
e 18l SV 5 L anall 5 Sl Lt 3 cJamall (e Eirgiall ladl (338 alaal CaBER) ) 6 e o) OSa 12
uca.ﬂﬁuc_}tsh.méc )L}zj\ JLﬁ.\\ )HMM}Y\ Y u\}c_ﬂ.ﬂh‘m.“ XYY L)Am\.@.\)\);&;)dua\.ﬂm\ J:u:\_\)ﬂ\
& paidy 4yl e kil S aaa () o) sel) 8 LG 3 5y BlAA aaa G uSe sl (Y 5 Jeall
aginl )3 & (Al-Omran, 2011) saas e coliy 13a 5 & 5l e ) pilig ds J81 0685 i) g Jasall 0 alaiaY)
S Y A et S 3 gl Ay jad) ASLaall (3 i elua V) didaie & Ciian) Jere o daalidl 4 ) sl
ke oo aalll Al &gl e Jils Jasall Ja o sandlSI S o) 4 300 ) ) damall Jsa oS 2 Gania 6 saullS)

.(Zerrouqi, 2008)

claliinay)
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Awaadl G galy e Jara (3 Gian) (sl gha g
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